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Abstract 

It is known that the brain’s functional anatomy is able to reorganise itself in response to 

injury. What is yet to be described is how the brain will reorganise itself in response to a 

burn injury, and whether this reorganisation persists over time. This is among the first 

studies to investigate the cortical response to a burn injury. The secondary aim of this 

study was to establish if transcranial magnetic stimulation (TMS) is a sensitive method 

of measuring the cortical response to a burn injury. 

To date, many burns studies have focussed on local aspects of wound healing, as these 

have been shown to improve aesthetic and functional outcomes through better wound 

healing (Greenhalgh, 2007) (Giles et al., 2007). Indeed, the scar that results from a burn 

is the most often the cause of the aesthetic and physical complications associated with 

burn wound healing (Serghiou et al., 2002). However, recent studies suggest that 

following burn injury to the peripheral nerve field, repair may be driven by the central 

nervous system (CNS) and not just a local response (Morellini et al., 2012, Anderson, 

2007). 

Previous studies have demonstrated the plasticity of the motor cortex in response to 

peripheral injuries. This includes injuries such as amputation, nerve block, or pain 

(Chen, 2002). This study addresses the question of whether these changes also occur in 

response to a burn injury. 

This study revolves around three main aims: 

! To establish whether there is a persistent cortical response post burn injury. 

! To create a standard protocol for the use of TMS to investigate burns patients. 

! To investigate what effect, if any, that exercise may have on neuroplasticity. 

In order to investigate the first aim, both burn injured and uninjured subjects were 

recruited to undergo testing. For investigation of corticomotor pathways, all subjects 

underwent TMS testing. I chose TMS to conduct this testing as it is a useful tool for 

investigating the CNS (Hallett, 2007). It is a non-invasive tool, which we used to map 



– iii – 

the motor cortex, as well as analysing various components of the responses to TMS, 

which provides information regarding cortical excitability and inhibition (Hallett, 

2007). The burns patients underwent more comprehensive testing, which included 

sensory testing. They also completed functional quality of life and disability 

questionnaires, which provided an insight into their own perceptions regarding the 

outcome of their injury. 

The data looked at each patient individually and comprehensively. As a burn is a highly 

variable injury, with respect to factors such as severity, depth, extent, and outcome, the 

burns patients with different injury characteristics were then compared with each other, 

as well as with the uninjured subjects tested. 

The results of this study have revealed that there is a cortical response to a burn injury. 

It was found that the position of the centre of cortical representation is in a significantly 

different position on the cortex for the burn injured arm of the patients tested when 

compared to the uninjured subjects that were tested. It was also noted that the total area 

of representation of the muscle tested in the burn arm of these patient was smaller 

compared to the uninjured subjects; however, this result was not statistically significant. 

Further analysis using the TMS data provides insight into the processes that are 

occurring at the neuronal level in response to the burn injury. It was found that there is a 

reduction in intracortical inhibition, as indicated by a shortened silent period duration, 

and an increase in intracortical excitability, as indicated by a reduced stimulus threshold 

and increased motor evoked potential (MEP) amplitude in the burn arm of patients with 

particular burn characteristics. 

The results show that patients with burns sustained less than 2 years ago; burns of less 

than 10% total burn surface area (TBSA); burns involving the upper limb only; and 

partial thickness burns all demonstrate results suggestive of a relative increase in 

excitatory and reduction in inhibitory inputs in the area of the cortex corresponding to 

their burn arm. This is in contrast to those patients who sustained burns longer than 2 

years ago; burns of greater than 10% TBSA; and burns involving multiple body areas. 
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In these patients the results suggest the opposite pattern. That is, a reduction in 

excitatory inputs and an increase in inhibitory inputs. 

This has potential ramifications when we consider the timeline to healing and window 

of opportunity to harness neuroplasticity to drive healing. A reduction in inhibition and 

increase in excitability provides an environment that can help to promote neuroplastic 

changes. It is important to take note of this finding, for it suggests that drivers of 

neuroplasticity may be best implemented early in burn wound healing, and in those 

patients with smaller, more isolated partial thickness injuries. This idea warrants further 

investigation in future studies, which could measure TMS responses in the burn arm 

over time throughout the healing process. 

In light of these results, we considered interventions that may act to modulate brain 

plasticity, which can then also be used to improve functional outcomes after a burn 

injury. In this case we investigated the effect of exercise as a tool that can be used to 

promote neuroplasticity in the cortex. It is standard protocol to employ exercise as a 

therapeutic intervention in burns patients in Western Australia (WA), thus it is 

important to understand the effect that this may have on neuroplasticity during healing 

in the patient cohort. The study, conducted in uninjured subjects, found that a short bout 

of aerobic exercise, mimicking the exercise protocol that is used in burns rehabilitation, 

results in a transient reduction in intracortical inhibition. 

This study shows that there is a cortical response to a burn injury, and future 

longitudinal studies can help to shed light on the issue of whether these changes act to 

accentuate or mitigate the effects of the burn. I have also demonstrated that TMS is a 

useful and non-invasive tool that should be considered for future studies that aim to 

further investigate the cortical response to a burn injury. 

This study has also shown that a short bout of aerobic exercise results in a reduction in 

intracortical inhibition, and further studies would be useful to explore the potential 

therapeutic effects of this transient reduction in inhibition. 
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1 Literature review 

This chapter will provide a review of the current literature relevant to this study. It 

begins with a description of normal skin anatomy, before moving on to a 

comprehensive review of the mechanism and healing of a burn injury. This will help the 

reader to gain a better understanding of the core injury processes, particularly disruption 

of the peripheral nerve field, that led to the genesis of the principle underlying this 

study; that there is a cortical response to a burn injury. 

The chapter then moves on to provide a review of the current literature surrounding 

central nervous plasticity with a particular focus on peripheral nervous system injury. 

This is followed by a description of TMS, including its use in previous studies as a 

technique to investigate the cortical response to injury or intervention. This provides 

evidence to support the use of TMS to investigate the cortical response to a burn injury. 

The final part of this literature review presents current evidence suggesting that exercise 

can an effect on cortical plasticity. All the burns patients investigated in this study had 

undergone intensive exercise therapy as part of their rehabilitation at the time of their 

injury, thus it is important to consider the effect that exercise can have on 

neuroplasticity in these patients. 

1.1 Skin 

1.1.1 Normal skin 

Normal skin is made up of two main layers, the epidermis and the dermis (see Figure 

1.1 T). These layers are separated by the basement membrane. The superficial layer, the 

epidermis, is made up of keratinised, stratified, squamous epithelium. It is tough, 

waterproof, and serves as a protective layer. The epidermis also has the ability to 

proliferate and renew itself, and is being constantly regenerated throughout life. 

The dermis is made up of dense connective tissue. It provides mechanical support, 

strength and thickness. This layer is richly innervated and vascularized, unlike the 

epidermis. Also unlike the epidermis, the dermis is unable to regenerate itself. In the 
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case of injury, such as a deep burn, the wound heals by forming a fibroblastic scar, as 

well as the complex process of re epithelialisation. 

1.1.2 Sensory nervous system in skin 

Sensory nerves are present in both the dermis and epidermis. They terminate as either 

free nerve endings or specialised nerve endings and can be associated with other 

structures in the skin such as blood vessels, sweat glands, and hair follicles. Autonomic 

nerves innervate the blood vessels, sweat glands and erector pili muscles of the hair 

follicles. The sensory nerves detect different sensory stimuli, the type of which depends 

on the receptor detecting it. When a burn injury occurs, these functions can be 

disrupted, depending on the depth of the injury. 

1.1.3 Peripheral nervous system post burn 

Changes in sensation can last for years after a burn injury (Scott et al., 2007, Anderson, 

2007). Touch threshold, pin prick threshold, and warming thresholds are all increased in 

the burn patient. There is a period in the acute phase after an injury in which the patient 

is hypersensitive to pain stimuli (hyperalgesia). This can last from minutes to months 

after the burn. Once the healing process has progressed and the scar has matured there is 

a decrease in sensibility. The severity of these sensory deficits is directly associated 

with burn depth, with increasing thresholds as burn depth increases. These changes can 

lead to a decrease in functional ability, especially in the case of a burn to the hand. This 

will especially affect the patient’s ability to perform fine motor skills, which require 

good tactile sensation. 

There are many explanations for the altered sensory perception suffered by victims of a 

burn injury. The most obvious is the loss of peripheral afferent fibres and neural 

structures due to direct damage from the injury or subsequent treatments. Other 

explanations include an anomaly in the regenerating nerve endings (such as 

axon-receptor mismatch, neuroma formation, abnormal impulse discharges), deficient 

reinnervation in scar tissue (see above – large fibres unable to transverse dense 

collagenous tissue), abnormal ectopic activity in the nerve fibres, neuroanatomical 

changes in the dorsal horn, central hyperexcitability and structural changes in central 
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primary afferent neurons. Nguyen showed that during reinnervation, not only must the 

nerve axon synapse with the correct target organ, but that those connections must be 

functional (Nguyen et al., 2002). 

There is increasing evidence to suggest that neuroplasticity, particularly at the 

level of the CNS, has a role to play in nerve regeneration and restoration of 

function after injury (Chen, 2002). 

Sensory losses have been documented as lasting up to 5 years after burn injury, 

indicating that the damage to the nervous system caused by the burn may never be fully 

repaired (Malenfant et al., 1998, Anderson, 2007). This is further confounded by the 

treatment that a patient receives, for example sensation in grafted skin differs from 

normal skin (Nedelec et al., 2005). 

Changes in the sensory function have been reported in the absence of any differences in 

nerve densities of peripheral nerves in burn scars when compared with unburned 

matching control skin (Anderson, 2007). In addition, it has been found that the density 

of nerve fibres in the injured and non-injured skin was inversely related to the extent of 

injury in terms of the TBSA. This suggests that there is a systemic influence on the 

nervous system (Anderson, 2007). These findings are supported by a study conducted in 

the burned animal model. Compared with normal unburned animals, there were 

significant differences in epidermal nerve densities observed far distant from the wound 

and in the wound periphery and center at different time points following burn injury. 

The study concluded that there is a change in nociceptive function and nerve 

regeneration in the burned rat both at the wound and sites distal to the wound (Morellini 

et al., 2012). 

1.2 Burn 

1.2.1 Mechanism of injury 

Heat applied at sufficient temperature and duration results in thermal injury to the skin. 

Early on during injury protein denaturation occurs, enzyme systems malfunction and 

cellular functions are impaired. If the temperature is high enough and exposure is long 
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enough the cell’s repair mechanisms will be outrun by the extent of the damage and cell 

necrosis (cell death) will occur. Part of this process includes the production of oxygen 

free radicals. These are capable of causing further damage to the cell membrane. This 

damage will continue to occur even after removal of the heat source until the cells are 

cooled to a tolerable temperature. It is therefore important to cool the cell rapidly in 

order to avoid excess damage (Williams, 2002). 

1.2.2 Local response 

The local response to a burn involves three zones (see Figure 1.1). The zone of 

coagulation occurs at the point of maximum damage and contains the initial burn eschar 

(Hettiaratchy and Dziewulski, 2004). This zone is where the initial denaturation gives 

way to severe protein alteration. This involves destruction at all levels of the protein 

architecture and is referred to as coagulation. Cell necrosis in this case begins at the skin 

surface where the heat energy was most directly received and extending downwards 

(Williams, 2002). 

The zone of stasis surrounds the zone of coagulation. This is characterised by decreased 

tissue perfusion. The tissue in this zone may be salvageable if tissue perfusion is 

increased here during burns resuscitation. Additional insults such as prolonged 

hypotension, infection, or oedema can result in this zone becoming an area of complete 

tissue loss. As these zones are three dimensional, such tissue loss will result in 

deepening and widening of the wound (Hettiaratchy and Dziewulski, 2004). 

The outermost zone is the zone of hyperaemia. In this area tissue perfusion is increased. 

This area will usually recover unless there is severe sepsis or prolonged hypoperfusion 

(Hettiaratchy and Dziewulski, 2004). 
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Figure 1.1 The three zones of local response in a burn injury (Guthrie, 2010) 

1.2.3 Systemic response 

Burn injury does not just lead to local damage. Many effects of the local lead to a 

systemic response. One effect is the inflammation at the site of injury. Inflammation 

will be driven by the release of cytokines and other inflammatory mediators. If the burn 

is more than 30% of the total body surface area, these mediators will have a systemic 

effect. Virtually every organ system is affected by a burn injury (Hettiaratchy and 

Dziewulski, 2004). The effects on one system will often have consequences that affect 

another system, which in turn will induce malfunction in another organ again. Many of 

the exact natures of the malfunctions are only clarified after the post mortem 

examination (Hawkins and Linareas, 2002). Not only is burn injury a very complicated 

disease, but also these complex reactions and interactions are only beginning to be 

understood. In order to minimise these effects, debridement must occur swiftly after 

injury in order to remove the source of these inflammatory mediators (Greenhalgh, 

2007). 

1.2.4 Changes in the CNS 

The known changes occurring in the CNS are often discovered during autopsy. The 

most common lesion is degeneration or loss of neurons as a result of hypovolemia 

during resuscitation, shock developing as part of the syndrome of sepsis, or as a 

consequence of respiratory failure. Severe hypoxic brain injury can also occur in 

patients who are asphyxiated during the initial injury. Direct thermal injury to the brain 
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occasionally occur in young children and are represented at autopsy by small foci of 

tissue necrosis on the cortical surface, surrounded by a hyperaemic reaction (Hawkins 

and Linareas, 2002). There have been no reports on the changes in the cortical 

topographic map in response to burn injury, or the pain related to burn injury. 

1.2.5 Burn classification 

1.2.5.1 Burn depth 

The severity of a burn can be assessed according to burn depth. The depth of a burn will 

determine the management and likely outcome. For example, superficial burns are 

likely to heal spontaneously, whereas the deeper burns may require surgical intervention 

(BMJ, 2013, Papini, 2004). Burn depth classification is shown in Figure 1.2 B. 

! Superficial 

! The burn affects the epidermis only e.g. sunburn 

! Blistering may occur 

! Superficial partial thickness 

! These burns are usually wet and painful 

! The injury exposes the superficial nerves, making these injuries painful 

! Extends through the epidermis, involving the upper layers of the dermis 

! Deep partial thickness 

! Extends through to the deeper layers of the dermis 

! Often require skin grafting 

! Full thickness 

! Extending through all skin layers into the subcutaneous tissues, destroying all 

regenerative elements. Healing occurs from the edges of the wound and can 

result in scar contraction (Papini, 2004) 

! All full thickness burns should be grafted unless less than 1cm in diameter 

(Papini, 2004) 

! These burns are usually insensate due to the damage to nerve structures 

(Hettiaratchy, 2004) 
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Figure 1.2 Burn depth image outlining structures affected in superficial, partial and full 
thickness burns (2013) 

 

1.2.5.2 Total body surface area 

A quick and easy method for estimating the total body surface area affected by the burn 

is the Wallace rule of nines. This method divides the body into areas of 9%. 

Burn extent is estimated as a percentage of total body surface area (TBSA) (BMJ, 2013, 

Hettiaratchy, 2004) (see Figure 1.3). 

! Head and neck represent 9% (18% in infants) 

! Each lower extremity is 18% (15% in infants) 

! Each upper extremity is 9% (10% in infants) 

! Anterior and posterior torso are 18% each (16% in infants) 

! For scattered or irregular burns the palmar surface of the patient’s hand represents 

approximately 1% (BMJ, 2013) 
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Another more accurate method is the Lund and Browder chart, which compensates for 

variation in body shape with age (see Figure 1.3) (BMJ, 2013). 

It is essential to clarify the burn depth and total body surface area of the burn injury. 

The severity of the injury is an important factor in predicting the outcome of a burn 

wound and therefore the treatment required to achieve wound healing and a good 

functional result (Atiyeh et al., 2005). 

 

Figure 1.3 Lund and Browder chart, used to estimated extent of a burn in % total body surface 
area (Hettiaratchy, 2004) 

1.2.6 Wound healing 

The healing of more superficial burns is mainly by the process of re epithelialization. If 

the basement membrane is intact, as it is in superficial burns, the basal cell layer will 

differentiate to recreate the multiple layers of the epidermis. These burns, such as sun 

burn, usually heal without a scar (Greenhalgh, 2007). 

If the basement membrane has been destroyed, the wound must be re epithelialised from 

normal cells in the periphery of the wound and skin adnexa, which are lined by 

epithelial cells. In response to this type of injury, such as a partial thickness burn, the 

basal keratinocytes at the wound edge and skin adnexal epithelial cells will migrate onto 
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the wound surface. When these cells come into contact with each other, they will 

differentiate and form all layers of the epidermis. Healing will therefore occur most 

rapidly in areas containing the most available cells, for example the scalp. The scalp has 

a high concentration of adnexa (hair) and this facilitates rapid healing (Greenhalgh, 

2007). The healing process should occur by 2 weeks post injury. If this is not the case, 

the patient needs to be reviewed for consideration of further management (Papini, 

2004). 

In the case of deeper burns, where there is no remaining epithelium, the process is 

slower and more complicated, and results in the formation of a disorganised scar. This 

process of wound healing and scar formation can be described in three phases. These 

are the inflammatory phase, the proliferative phase, and the maturation phase. During 

the healing process these phases are continuous and overlapping (Greenhalgh, 2007, 

Rosenberg, 2006).  

The initial inflammatory phase lasts for approximately 4 days. This is followed by the 

proliferative phases, which is associated with a rapid increase in collagen, as well as 

revascularisation and reinnervation of the site. During the final maturation phase there is 

a decrease in cellularity and vascularity of the scar, and remodelling of collagen. Burn 

scars may not be fully matured for up to 18 months’ post injury. In the case of a full 

thickness burn, where the dermis has been destroyed, there are no regenerative elements 

left in the burn wound. Healing is slow and occurs from the edges inward. This results 

in significant tightness and contracture (Papini, 2004). In order to avoid this, the injury 

is excised and a skin graft is applied to promote healing. 

The incidence of hypertrophic scarring increases from 33% to 78% if healing is delayed 

from 3-6 weeks. Thus it has been said that all burn wounds should have an epithelial 

cover by 3 weeks post injury (Papini, 2004). Full thickness burns, as has already been 

mentioned, are slow to heal and are therefore best treated with skin grafting. Although 

some deep partial thickness burns will heal if the wound environment is optimised, they 

too are slow to heal and can result in significant scar contracture and subsequent loss of 

function. It is therefore important to recognise these injuries early and refer for excision 
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and skin grafting if the injury is extensive or in an area where scar contractures can be 

functionally or cosmetically damaging (Papini, 2004). 

Factors that can delay wound healing include increasing age, comorbidities, infections, 

immunosuppression, impaired blood supply or drainage, and medications (McLatchie et 

al., 2013). With respect to aging, evidence suggests that wound healing affected at the 

extremes of age, that is in the elderly and infants (Langoen and Bianchi, 2013). Whilst 

wound healing is delayed in the elderly, the qualitative outcome is the same as that in 

younger patients (Gosain and DiPietro, 2004). In addition, there is a lower incidence of 

hypertrophic scarring in the elderly compared with younger patients (Gosain and 

DiPietro, 2004, Karamanos et al., 2015). Patients over the age of 50 years were 

excluded from this study to reduce confounding of the results due to differences in 

wound healing seen with increasing age.   

1.2.7 Techniques to aid wound healing 

Wounds that take a long time to heal can result in a scar. The resulting scar is the cause 

of the aesthetic and physical complications associated with burn healing. For example 

scar contracture, which occurs over months to years, can lead to functional abnormality 

(Serghiou et al., 2002). Dietal in 1989 used surgery as a tool to reduce scarring. The 

procedure and technique may vary depending on the patient and the depth and severity 

of the injury. These range from surgery to excise burned or necrotic tissue; application 

of a manufactured membrane that may provide a dermal template and/or promote 

healing (such as Integra) to the application of skin grafts to the burn site to aid healing. 

Recent advances have allowed surgeons to be able to culture skin grafts from small 

samples, as well as using larger donor grafts from distal sites (Gravante et al., 2010, 

Alharbi et al., 2012, Wood, 2010, Atiyeh and Costagliola, 2007). 

Depth of injury, excision of the damaged tissue and the technique of repair will all 

influence the recovery of the peripheral nervous system (Atiyeh et al., 2005). 
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1.2.8 Nerve damage 

There is an inadequate repair of the nerve fibres that are damaged at the time of the 

burn. Studies by Kishimoto have demonstrated in both the human and rat model that in 

the acute phase post burn injury there is an immediate decrease in the number of nerve 

fibres at the site of injury (Kishimoto et al., 1982). As the healing process progresses, 

there is an increase in the number of nerve fibres to an amount that is greater than the 

nerve density in control (uninjured) sites. As the scar matures and the wound is fully 

healed, then there is a subsequent reduction in the number of nerve fibres to a level 

below the control. 

As yet there is no explanation for this pattern of nerve density during the post burn 

period. It has been hypothesised that the atrophy and reduction in nerve density is due to 

a lack of target organs such as hair follicles and sweat glands. These ‘targets’ are 

damaged at the time of the burn, and as such are lacking when the regenerating nerve 

fibres seek them. Another explanation is the collagenous structure of the burn scar that 

large myelinated A beta fibres are unable to transverse. This is supported by evidence 

that shows that there is an increase in the proportion of substance P containing nerve 

fibres in the burn scar. These fibres are small and unmyelinated, with no preneural 

structures, and are able to transverse the collagen that builds up during the healing 

process (Scott et al., 2007, Anderson, 2007). 

A study conducted in 2006 investigated changes in the peripheral nervous system after a 

burn injury. They investigated nerve density related to sensory function, comparing a 

burn scar with a less/uninjured site on the same patient (Anderson, 2007). 

The study found that despite differences in sensory function in burned skin compared 

with uninjured skin, there was no difference found in nerve density between the burn 

scar and the uninjured site. In fact, there was a correlation between nerve density and 

the size of the burn not only in the burn scar, but also in the distant uninjured control 

site (Anderson, 2007). This indicates that following damage to the peripheral nerve 

field, repair may be driven from the CNS, and not just a local response, as there are no 
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anatomical differences at the peripheral level that may explain the sensory deficit in the 

burn scar. 

These findings were later supported by the study by Morellini, who investigated 

nociceptive function and nerve density in burned rats. Compared with normal unburned 

animals, there were significant differences in epidermal nerve densities observed far 

distant from the wound and in the wound periphery and centre at different time points 

following burn injury. They hypothesized that there is a central process that contributes 

to the peripheral response to a burn wound (Morellini et al., 2012). 

1.2.9 Rehabilitation 

The immediate and primary focus is the preservation of life and wound coverage. The 

short term rehabilitation goals are to preserve the range of motion and functional ability. 

The long term rehabilitation goals are to return the patient to independent living. If they 

are unable to complete any daily activities, the goal is to compensate for any functional 

losses (Serghiou et al., 2002). 

Complications of severe burn injury that have a significant impact on recovery after 

burn injuries include weakness due to loss of muscle mass, contractures, hypertrophic 

scarring, heterotopic ossification, amputations, nervous system injury (central and 

peripheral), pruritus, psychological problems, and pain. Although there are studies 

reporting the prevalence of these complications, there are few clinical trials examining 

treatment techniques (Esselman et al., 2006). 

Much of the patient’s rehabilitation centres on the management of the scar. 

Complications such as contractures and hypertrophic scarring not only reduce 

functional ability and recovery after a burn, but may also contribute to a loss of muscle 

mass by limiting movement. Pressure garments, correct positioning with the help of 

splints, movement and massage as early as possible are employed in order to maintain 

and recover as much functionality as possible (Serghiou et al., 2002). It is interesting to 

note, however, that there is minimal sensory or motor input to the wound before the scar 

is able to withstand the sheering forces that occur with massage. It is worth considering 

that if there is a change in the CNS in response to a burn injury, then it may be of 
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benefit to maintain the sensory and/or motor input from that site in order to reduce these 

changes (Serghiou et al., 2002). 

1.2.10 Long term functional outcomes 

Patients with more extensive burns have poorer long term outcomes, which can persist 

for years following the initial injury (Holavanahalli et al., 2010, Xie et al., 2012). 

A study of 98 burn survivors indicates that survivors of severe burn injury continue to 

suffer long term consequences for years following the injury. The average time from 

injury in this study was 17 years; with a TBSA burn injury of 30-97%. Ongoing skin 

problems include problems with hot and cold temperature, sensory loss, raised scars, 

and itching continued to pose problems many years after burn injury. Reports of fragile 

burns, cuts and tears increased with time post burn (Holavanahalli et al., 2010). The 

depth of injury (partial thickness versus full thickness) determines specific long term 

complications (e.g., sensory loss due to nerve damage and full-thickness injury leading 

to impairment of sweat glands)(Lewis et al., 2012). 

An important indicator of a good functional outcome is whether the patient is able to 

return to work following their injury. Size and depth of burn, occurrence of hand burns, 

age of the patient, and type of job significantly influenced return to work and return to 

work time (Bowden et al., 1989). 

A retrospective study of return to work rates in burn victims reviewed 197 patients. 

Fifty percent of these subjects were burned at work. Of those, 44% remained 

unemployed at 1 year compared with 22% of subjects injured outside of work. 

Excluding subjects who sustained electrical burns, the most significant predictors of 

unemployment at 12 months post injury included burn at work, pain, inpatient 

rehabilitation and length of stay (Schneider et al., 2011). Note the patients in this study 

had all sustained quite significant burns of 16% TBSA +/- 1%. 

A more comprehensive review of return to work after burns analysed data from two 

centres for 363 adults who were employed at the time of the injury, as well as a review 

of the literature from 1966-2000. This review found TBSA to be the most important 
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predictor of time off work as well as return to work. In the two centre study, 66% and 

90% of burn survivors had returned to work at 6 and 24 months post burn respectively. 

However, one subset of data indicated that only 37% of those had returned to the same 

job with the same employer (Brych et al., 2001). 

A study of severe burn injuries investigated 48 patients who had survived a severe burn 

injury. The study looked at return to work rates and health related quality of life in these 

patients who were, on average 3.8 years post injury. Thirty one percent of these patients 

had not returned to work. Factors influencing return to work included time since injury, 

extent of injury, and personality traits. Those who did not return to work demonstrated 

lower health-related quality of life and poorer trauma related physical and psychological 

health (Dyster-Aas et al., 2007). This highlights the need for comprehensive and 

aggressive rehabilitation after a burn injury, in order to optimise function. 

It is therefore pivotal to optimise post burn rehabilitation. In order to do this, it is 

important to understand the barriers and risk factors associated with poor outcomes such 

as unemployment, impaired health, and poor health related quality of life. It has been 

repeatedly demonstrated that the long term health and work status of a burn victim is 

greatly dependent on the severity of the extent of the burn (TBSA), as well as length of 

hospital stay, number of operations, presence of deformities, and chronic pain. Health 

related quality of life was reduced by chronic pain, psychological illness, and living 

alone, indicating that socio economic factors as well as burn injury factors can affect the 

long term well being of the burn survivor (Moi et al., 2007, Schneider et al., 2009). 

The percent of TBSA was the most important predictor of time away from work (Brych 

et al., 2001). Other predictors of employment after a burn injury include burn site (e.g., 

hands), length of hospitalisation, psychiatric history, personality characteristics, and 

demographic factors including age, marital status, and employment status at the time of 

injury (Bowden et al., 1989, Dyster-Aas et al., 2007, Schneider et al., 2009, Moi et al., 

2007). 
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In addition to the size of the injury, Anzarut et al. identified hand function as a strong 

predictor of quality of life after a massive burn injury, as assessed by the SF36 quality 

of life questionnaire (Anzarut et al., 2005). 

A previous study investigated the functional outcome of hand burn injury in 659 

patients (1047 acutely burned hands) over a 10 year period. 

The study found that in patients with deep full thickness injury, only 9% of those 

involving the extensor mechanism, joint capsule, or bone had normal functional 

outcomes. However, 90% of those were able to independently perform activities of 

daily living (Sheridan et al., 1995). This finding was mirrored in the study by 

Holavanahalli et al. in 2007, which indicated that even in the most severe injuries, 

requiring amputation or loss of extensor mechanism, the remaining intact muscle 

structures can facilitate function by adopting modified grasp/movement patterns in 

order to maintain independence in most activities of daily living (Holavanahalli et al., 

2007). This review will address the role of the CNS in the development of 

compensatory movement patterns. 

1.3 Central nervous system plasticity 

1.3.1 Cortical plasticity 

The brain’s functional anatomy is not immutable, it has the ability to reorganise itself in 

response to environmental changes or injury (Chen, 2002). In the somatosensory cortex, 

sensory information from each part of the body projects to a separate site on the cortex. 

As a result of the organisation of these sensory inputs, the cortical representation of the 

body resembles a map, the homunculus. A similar two dimensional architecture has 

been suggested with respect to the organisation of muscle representations in the primary 

motor cortex (M1) (see Figure 1.4) (Penfield and Rasmussen, 1953), though this has 

been subsequently shown to be rather too simplistic (Phillips and Porter, 1977). It is 

very difficult to isolate one muscle to perform any movement, no matter how small. 

Movement requires the input of multiple muscles in both active and antagonistic roles. 

For example, flexion of the biceps will also involve the use of the triceps, as their 

extension helps to stabilise and control the movement. As such, it has been suggested 
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that motor cortical topography is representative of the movement of body parts, 

involving many muscles, rather than representing the activity of each individual muscle. 

This helps to explain why, when examining the motor cortical representation of 

individual muscles, the M1 appears to have multiple overlaps (Shieber et al., 2004, 

Phillips and Porter, 1977). 

The human brain is designed to be shaped and moulded by our experiences in life. At 

birth, it is about ¼ the size of an adult brain (Schatz, 1992). As we grow, so too does 

our brain. In response to experiences and exposures, neuronal pathways develop and 

strengthen, learning movement, language, and even sight. 

In 1963, Wiesel and Hubel (Wiesel and Hubel, 1963) published their findings on their 

studies of the visual cortex in cats. They demonstrated that by removing sensory input 

to one eye, by sewing it shut from birth to 3 months of age, the brain preferentially 

developed more pathways to the uncovered eye. This demonstrated the plasticity of the 

brain, for if there was no plasticity, the brain would be developing predetermined (e.g. 

genetically determined) pathways that would be unaffected by experience (Schatz, 

1992). They described the existence of a “critical period”, shortly after birth, during 

which mammals develop their visual pathways in their brains, suggesting that after this 

time, visual pathways were immutable. 

It was later shown that the brain continues to reorganise itself in response to experiences 

throughout our lives. The plasticity of the nervous system is such that if the cortical map 

is deprived of its input, it will become activated at a later time in response to other, 

usually adjacent inputs (Ganong, 2005). This has shown to be true for both the 

somatosensory and motor cortex (Kaas, 1991). For example, if the sensory input of a 

hand is blocked (using an ischaemic nerve block, or transient anaesthesia), it has been 

shown that there is an enlarged motor cortical output targeting the upper arm muscles 

immediately proximal to the deafferented level (Hummel, 2005). 

Merzenich first demonstrated this in his study of the topographic cortical maps in adult 

owl and squirrel monkeys (Merzenich et al., 1983, Merzenich et al., 1983b, Merzenich 

et al., 1984). Merzenich’s studies found that 3 months after median nerve transection in 
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monkeys, the cortical areas previously representing skin surfaces supplied by the 

median nerve was completely occupied by “new” representations. This included 

expansion of surrounding skin fields into the area, as well as representation by skin 

surfaces that retained their normal representation elsewhere, and were not previously 

represented in this area. These studies demonstrated that somatosensory representations 

are dynamically maintained in the cortex, and are able to reorganise rapidly in response 

to experience (such as sensory deprivation) (Merzenich et al., 1983, Merzenich et al., 

1983b, Merzenich et al., 1984). 

Subsequent studies in both human and animal models have supported Merzenich’s 

findings. The brain’s functional anatomy is not immutable, it has the ability to 

reorganise itself in response to environmental changes or injury (Chen, 2002). 

Cortical reorganisation has been found to occur following many different injuries to the 

peripheral nervous system. 

1.3.2 Amputation 

Amputation of a limb and the subsequent loss of sensory input to its area of 

representation in the cortex results in disorganisation in the homunculus. In response to 

this deafferentation there is a progressive shrinkage of the affected cortical territory and 

expansion of adjacent cortical areas in the somatosensory cortex (Chen, 2002). That is, 

inputs from areas that have cortical representations adjacent to the missing limb will 

result in excitation of that territory e.g. hand amputation will result in medial 

displacement of the face area toward the hand area. This has been demonstrated in both 

human and animal studies (Sanes et al., 1990, Karl et al., 2001, Chen, 2002). 

Changes in response to peripheral injury are also seen in the motor cortex. Measurement 

of the motor cortex of amputees by TMS revealed that the resting MEP produced after 

stimulation was elicited at lower intensities and from more scalp positions in muscles 

immediately proximal to the site of amputation (Chen, 2002). 
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1.3.3 Pain 

Pain has been described as a mechanism behind cortical plasticity. Many studies have 

documented changes at the neuronal level in response to pain (Ridding and Rothwell, 

1997, Chen, 2002, Navarro, 2007).  

Studies by Flor et al. also found evidence supporting this, when investigating phantom 

limb pain after forearm amputation. They found that the degree of cortical 

reorganisation of the lower lip (ipsilateral to forearm amputation) is relative to the 

magnitude of the phantom pain experienced (Flor et al., 1995). It has also been shown 

that suppressing this pain, for example by anaesthesia, results in a reduction of this 

previously expanded cortical representation of the lower lip ipsilateral to the amputation 

(Birbaumer et al., 1997). This provides evidence that pain has a role in driving 

plasticity, as its removal results in reversal of cortical reorganisation. This also suggests 

that cortical reorganisation following injury may have harmful consequences, as 

increased phantom pain is associated with the degree of cortical reorganisation (Flor et 

al., 1995, Chen, 2002). 

The notion of phantom limb pain as a driver of cortical plasticity was further supported 

by the study by Karl et al., who used TMS and neuroelectric source imaging to study 

the motor and somatosensory cortex respectively in amputees with and without phantom 

limb pain. They found that patients with phantom limb pain had larger MEPs from 

muscles on the amputated arm (proximal to the amputation site) when compared with 

the intact side. They also found significantly more displaced optimal scalp positions of 

the muscles of the face (toward the missing hand representation), in patients with 

phantom limb pain. There was a similar displacement found in the face representation in 

the somatosensory cortex. The magnitude of these shifts correlated with the degree of 

phantom limb pain suffered by the patient, suggesting that pain has a role to play in 

enhancing cortical plasticity (Flor et al., 1995) (Karl et al., 2001). 

It is important to note that these examples were also associated with massive 

deafferentation. Soros et al. (2001) removed this variable by injecting capsaicin into the 

hand of normal subjects to induce acute pain. This was associated with changes seen in 
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magnetoencephalography (MEG) components evoked by stimulation of the lower lip 

ipsilateral to the injected hand. The results showed a decrease in size of the cortical 

hand representation. They also found there to be a decreased distance between the hand 

representation and the localization of the lip (Soros et al., 2001). This demonstrates a 

link between pain and cortical changes, independent of deafferentation. 

1.3.4 Emotional response 

Valeriani et al. investigated whether acute cutaneous pain may lead to functional 

changes of the nociceptive system after stimulation of both the painful cutaneous 

territory as well as areas with adjacent cortical representations (Valeriani et al., 2003). 

The study found that acute cutaneous pain induced by capsaicin might lead to rapid 

changes in cortical representation of nociceptive inputs coming from both territories. 

This was suggested by the modification of the topography of the CO2 laser evoked 

potentials after capsaicin removal. These potentials are generated in the cingulate 

cortex, which is important for the emotional part of pain sensation. The positions of the 

evoked potentials were not only displaced, but their amplitudes decreased during and 

after stimulation of both the zones of primary and secondary hyperalgesia. This 

indicates that it may be beneficial to address the role of the cingulate cortex in patients 

with acute pain. Inhibition of this cortex may contribute to a reduction in the emotional 

aspect of pain perception. It is known that the perception of pain varies greatly due to 

psychological as well as physiological factors (Meyer, 2007). Thus regulation of the 

inhibition of the cingulate cortex may reduce the effects of painful stimuli. 

1.3.5 Complex regional pain syndrome 

Cortical changes have also been reported in patients suffering from complex regional 

pain syndrome (CRPS). In the hand, there is a shrinkage of the hand representation in 

the primary somatosensory cortex, as well as a lateral and inferior movement of this 

representation (toward the lip representation) (Maihofner, 2004). This is not unlike the 

changes described in phantom limb pain above. There is a correlation between 

improvement in CRPS symptoms and cortical reorganisation, similar to the correlation 

between the existence of phantom limb pain and cortical reorganisation (Maihofner, 

2004). 
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1.3.6 Neuralgia 

Tinazzi observed potentials in the parietal and frontal lobes following stimulation of the 

median and tibial nerves in patients with right trigeminal neuralgia. It was found that the 

amplitude of the potential measured after median nerve stimulation ipsilateral to the 

facial pain was larger than those of the less/uninjured side (Tinazzi, 2004). There was 

also a correlation with the magnitude of pain. This suggests that the cortical 

reorganisation of the hand representation is related to the facial pain. 

We can see from the above examples that pain plays an important role in modulating 

cortical reorganisation following nerve injuries. It is unknown whether pain resulting 

from a burn injury will lead to similar changes. The results of studies conducted by 

Soros et al. and Valeriani et al. suggest that these changes may occur as a result of pain 

due to cutaneous injury (Soros et al., 2001, Valeriani et al., 2003), thus we may expect 

to see similar changes due to cutaneous burn injury. 

1.3.7 Timeline of reorganisation 

Reorganisation at the level of the cortex has been shown to occur over minutes as well 

as months or years (Pons et al., 1991, Donoghue et al., 1990). 

Brasil-Neto, Valls-Sole, Pascual-Leone et al. (1993) used TMS to investigate the pattern 

of reorganisation that occurs in the cortex after transient ischaemia. This deafferentation 

was produced using a blood pressure cuff and administration of an anaesthetic. The 

study found that the pattern of reorganisation results in enlarged muscle representations 

and larger MEPs for muscles immediately proximal to the level of deafferentation. This 

reorganisation is also reversed after cessation of the “ischaemia” (Brasil-Neto et al., 

1993). This indicates that plastic changes in the brain can occur within minutes, as these 

nerve blocks are only transient. Subsequent studies have found that the duration of 

changes are related to the duration of the deafferentation (Hummel, 2005). 

Cortical topographic maps are not only reorganised in response to acute deafferentation, 

rather they can occur over time and result in long standing adjustment of the cortical 

topographic maps. Macaque monkeys studied more than 10 years after complete 
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deafferentation of inputs from the arm were found to have marked cortical 

reorganisation. It was found that the deprived hand and arm cortical representation 

showed evoked activity in response to inputs from the face (Pons et al., 1991). This 

indicates that the cortical response to nerve injury can result in long standing 

reorganization. 

The cortical topographic maps are not constant, and reorganisation is not irreversible. 

Rather these maps are continuously reorganised throughout life, in response to 

environmental influences including injury and training. This is seen in the case of 

double hand transplantation. This operation was performed 4 years after bilateral 

amputation. It was found that increased use of the transplanted hand led to the 

expansion of the cortical representations of the former hands in both motor cortices 

(Giraux et al., 2001). Some regions were still overlapping with representation of the 

elbows, and it is important to consider the amount of functionality that returned. This 

study does indicate that new sensory inputs combined with viable motor activity leads 

to some reversal of the functional reorganisation that occurred after the amputations. 

Another example is after the anastomosis of the musculocutaneous and intercostal 

nerves. This procedure results in the biceps representation area in the cortex shifting to 

the intercostal area. As a consequence, the biceps motor unit discharges with 

respiration. Over a period of years, the biceps representation moves back to the arm 

area. This results in improved elbow flexion and control as well as an independence of 

the biceps motor unit discharge from respiration (Mano et al., 1995). It is, however, 

difficult to distinguish whether the reversal of cortical reorganisation drives the 

restoration towards normal function, or if it is the functional rehabilitation that causes 

the reversal of cortical reorganisation. Either way, this is an example of cortical 

reorganisation being associated with a positive functional outcome. 

1.3.8 Mechanisms 

The mechanisms underlying cortical plasticity are not very well known. It can be 

suggested that the time course of the reorganisation that occurs after injury is related to 

the mechanisms of the cortical plasticity. The rapid changes, for example those seen 
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after transient ischaemia, may be attributed to the unmasking of previously present but 

functionally inactive synaptic connections. These changes take place over minutes to 

hours (Brasil-Neto et al., 1993, Chen, 2002). This can occur as a result of an increase in 

excitatory neurotransmitter release; an increase in density of the post synaptic receptors 

and/or changes in their affinity; changes in membrane conductance that leads to an 

enhancement of the post synaptic effects of weak inputs; or a reduction in inhibitory 

interactions (Navarro, 2007, Hallett, 2007, Chen et al., 2002). Evidence supports the 

role of modulating GABA (gamma-aminobutyric acid), an inhibitory neurotransmitter, 

in neuroplasticity (Sale et al., 2007, Chen, 2002, Jacobs and Donoghue, 1991). 

GABA is an inhibitory neurotransmitter released by neurons in the CNS (Guyton and 

Hall, 2000). It has been consistently shown that benzodiazepines, which act as positive 

allosteric modulators at the GABA-A receptor, increase intracortical inhibition 

(Hanajima and Ugawa, 2006). A reduction in intracortical inhibition via reduced GABA 

receptor expression has been associated with upregulation of neuroplasticity. In a study 

investigating the recovery of visual acuity in amblyopic rats, Sale et al. demonstrated 

that a reduction in intracortical inhibition, through a reduction in GABA-A receptor 

expression was a crucial component of the mechanisms regulating visual cortical 

plasticity during recovery of visual acuity (Sale et al., 2007). 

Changes over a longer period of time are brought about by different mechanisms. These 

include long term potentiation (LTP) and depression as well as the formation of de novo 

connections by axonal sprouting and synaptogenesis (Chen, 2002, Navarro, 2007, 

Hallett, 2007). LTP has been shown to involve the activation of NMDA 

(N-methyl-D-aspartate) receptors. The activation of NMDA receptors leads to a calcium 

dependent reaction resulting in long term changes in synaptic strength (Nitsche et al., 

2012, Vorel and Lisanby, 2008, Huang et al., 2007). 

It has also been suggested that intracortical interactions play a part in maintaining the 

cortical topographic map. After ‘ischaemia’ (anaesthetic block of a finger), the distinct 

finger representations in the somatosensory cortex are lost. Instead, adjacent fingers 

expand into the territory normally representing the now blocked finger (Navarro, 2007). 
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This happens over a period of minutes, indicating that it is probably not the formation of 

any new synapses but the removal of existing inputs that contributes to this 

reorganisation (Navarro, 2007, Chen, 2002). Sensory inputs from one finger normally 

inhibit existing inputs from adjacent fingers. The arrangement of these inputs results in 

discrete representation of individual fingers. When this is disrupted, for example after 

deafferentation by anaesthesia, the inhibition of adjacent finger inputs is removed and 

they expand into the now adjacent territory. 

1.3.9 Driving cortical plasticity 

Now that it is established that the cortex is able to reorganise itself in response to injury, 

many studies investigate ways in which to modulate or drive this plasticity using a 

variety of techniques (Butefisch, 2004, Dunlop and Steeves, 2003, Florence, 2001, 

Hummel, 2005). One of these is through use dependent plasticity driven by training. 

This may result in encoding motor memories in the CNS. The training leaves a memory 

trace in the M1 that reflects the kinematic details of the practised movements 

(Butefisch, 2004). According to the Hebbian principle, increased efficacy of a synapse 

results from the presynaptic cell’s repeated and persistent stimulation of the post 

synaptic cell. This repeated and persistent stimulation is what occurs during training, 

leading to the strengthening of those synapses and encoding of the motor memory. 

Recanzone demonstrated the effect of training on the organisation of the somatosensory 

cortex in monkeys. Owl monkeys trained in a frequency discrimination task, involving a 

discrete segment on one finger, demonstrated increased complexity of topographic 

representation and increased representation of the trained skin area, when compared 

with the untrained hand. They also found an increase in receptive field sizes and 

receptive field overlaps in the cortical area representing the trained skin, when 

compared with the untrained hand. They concluded, however, that these changes could 

not alone account for the improvement in performance of the task demonstrated by the 

monkeys (Recanzone et al., 1992). The study did indicate, however, that training in a 

task will have an effect on cortical representation. 
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Dunlop and Steeves found the most effective training is that which mimics normal 

behavioural patterns in order to drive plasticity and achieve some functional recovery 

after injury to the CNS (Dunlop and Steeves, 2003). Angelov et al. explored this 

concept in a study of peripheral nerve injury, looking at recovery after facial nerve 

transection/suture in the rat. They investigated the effectiveness of manual stimulation 

(mimicking normal movement), environmental stimulation (enhanced whisker 

movement as rats encountered objects) (Angelov et al., 2007). They found that daily 

manual, but not environmental, stimulation led to full recovery, demonstrating that use 

specific training enhances recovery after peripheral nerve injury as well as injury to the 

CNS (Dunlop and Steeves, 2003, Angelov et al., 2007). 

It has been shown that cortical topography is altered in response to peripheral nerve 

injury as well. It has also been shown that use specific training as well as stimulation 

can be used to drive cortical plasticity and functional recovery after these injuries. It is, 

however, unknown whether in the absence of intact skin, such as in the case of a burn 

injury, these higher neural functions can be harnessed to drive the repair process 

(Brockes, 1997). More investigation is needed to determine the role of the CNS in the 

case of a superficial cutaneous injury and the effect of modulators of such brain 

plasticity in improving functional outcomes after these injuries. 

1.4 Transcranial magnetic stimulation 

TMS is a non-invasive technique used for the stimulation of the human brain. It works 

by passing a brief, high electrical current through a magnetic coil. When the current is 

passed through the coil, a high intensity magnetic field is produced, with its lines of flux 

passing perpendicular to the plane of the coil. The magnetic field induces an electrical 

field, which is perpendicular to the magnetic field. The spatial change of the electric 

field causes current to flow in loops parallel to the plane of the coil. The coil is placed 

tangentially to the scalp; thus the current flow is also in a direction tangential in the 

brain. This induced electrical field will activate neuronal elements, leading to 

excitement or inhibition of the area of the brain that is below the coil. When the coil is 

placed over the motor cortex a focal muscle twitch may be produced, called the MEP. 

This MEP can be measured by recording the muscle twitch with electromyographic 
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recording. Different characteristics of the MEP can provide information regarding 

cortical inhibition and excitation, as well as the topographic organisation of the motor 

homunculus. This can be useful for many different purposes including mapping of 

sensory, motor and cognitive functions, as well as therapeutic use as TMS is able to 

influence brain function (Hallett, 2007). 

1.4.1 Mechanisms of action 

TMS evokes multiple descending volleys in the corticospinal tract (Thompson et al., 

1991). These are brought about through trans-synaptic activation via cortical 

interneurons (Byrnes et al., 1998, Chen, 2002, Hallett, 2007, Terao and Ugawa, 2002). 

These interneurons project monosynaptically to alpha motoneurons and summate to 

bring them to firing threshold (Byrnes et al., 1998, Wilson et al., 1995). The synaptic 

activation of the corticospinal neurons results in a series of I waves (indirect waves) that 

are characteristic of TMS (Hallett, 2007). It is thought that different waves in the I wave 

sequence are brought about by different sets of intracortical fibres. This could explain 

the shorter latency period when the target muscle is in the contracted state. It has been 

suggested that the I waves that contribute to the MEP in the contracted state are earlier 

waves that arise from stimulation of a different set of cortical neurones than those when 

at rest (Wilson et al., 1995). This could be possible if voluntary muscle contraction led 

to the activation of a different set of intracortical fibres than those activated in response 

to TMS, i.e. the fibres that are responsible for producing an involuntary muscle twitch. 

It is important to control for this variable when considering study design. 

1.4.2 Cortical excitability 

TMS acts by activating motoneurons, thus it is dependent on the excitability of the 

motor cortex. The more excitable the motoneuron pool is, the easier it is to get the 

individual motoneurons to firing threshold. Voluntary muscle contraction increases the 

excitability of the motoneuron pool, thus a lower stimulus intensity is required to 

generate an MEP during muscle contraction (Thompson et al., 1991, Wilson et al., 

1995). It is important to consider factors that may facilitate or inhibit cortical 

excitability when analysing TMS results. 
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1.4.3 Threshold 

The excitability of the cortical neurons is reflected by the intensity required to produce 

an MEP. The lowest intensity required to produce an MEP of a certain size is called the 

threshold. This threshold reflects the excitability of a central core of neurons, which 

arises from the excitability of individual neurons and their local density (Hallett, 2007). 

Drugs that affect Na and Ca channels can influence this threshold, thus it must also 

indicate membrane excitability (Ziemann, 2004). 

1.4.4 Stimulus response curves 

The stimulus response curve is the growth of MEP size as a function of stimulus 

intensity (Hallett, 2007). This is thought to be due to the recruitment of additional 

neurons, both those with a higher threshold for stimulation, in addition to the 

recruitment of neurons that are spatially further from the core region activated at 

threshold (Hallett, 2007). It can be useful to use the stimulus response curve to measure 

changes in the area of a cortical map, i.e. as a map expands or diminishes in size the 

recruitment of neurons would increase/decrease. This is reflected in the results of 

studies of maps as well as stimulus response curves in subjects after ischaemia or 

amputation. Ridding and Rothwell found that the changes induced in a cortical map 

during induced ischaemic anaesthesia or amputation are mirrored by changes in the 

slope of the stimulus response curve (Ridding and Rothwell, 1997). It is difficult, 

however, to use this technique to assess whether the increased slope of the curve is due 

to increased recruitment of more neurons, or due to an increased excitability and thus 

reduced threshold to stimulation of these neurons (Ridding and Rothwell, 1997, Mano 

et al., 1995). 

1.4.5 Paired pulse study 

As TMS relies on intracortical connections and excitability, modulation of these will 

yield different results. Interneuron influences are investigated using paired pulse 

studies. In these studies, an initial stimulus is given at a sub threshold level. The 

stimulus is large enough to activate the cortical neurons, but not enough to produce an 

MEP. A second stimulus is then given at suprathreshold level. The first stimulus 
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initiates intracortical influences that can modulate the amplitude of the MEP produced 

by the second stimulus. The effect of this modulation on the amplitude of the MEP 

depends on the interval between the two stimuli. At very short intervals, 1-6ms, there is 

inhibition – short intracortical inhibition (SICI). At larger intervals 10-15ms, there is 

facilitation (Hallett, 2007, Ziemann et al., 1996). 

The mechanisms underlying SICI are thought to be largely due to GABA mediated 

inhibition (Kujirai et al., 1993, Chen et al., 1998). 

Newer studies have further investigated the optimum interval time for achieving the 

best results. It has been suggested that the best increase in cortical excitability is to be 

achieved when the paired pulse interval is at I wave periodicity (Thickbroom et al., 

2006). 

The amount of suppression achieved is also related to the size of both the conditioning 

and test stimulus (Kujirai et al., 1993). The best suppression of a test response was 

achieved with small conditioning stimuli of 70-90% of resting motor threshold (RMT). 

This mechanism is similar to the effect of contracting the muscle prior to stimulation. 

Contracting the target muscle facilitates the response to stimulation, and it has been 

shown that threshold is lowered with facilitation (Ravnborg et al., 1991, Hess et al., 

1986a, Hess et al., 1986b, Hess et al., 1987, Wilson et al., 1993b). 

Ziemann also investigated the intensity of the conditioning stimulus required to produce 

these effects. It was found that the conditioning stimulus intensity also affected the 

effect of the testing (second) stimulus. At 70% of the subject’s active motor threshold 

(AMT) there is inhibition, whilst at 80% AMT there was facilitation of the test response 

(Ziemann et al., 1996). This study also found no change in H-reflexes (spinal cord 

reflexes) following paired pulse studies and concluded that the inhibition seen after the 

paired pulse stimulus is most likely due to cortical changes. 

Paired pulse studies are therefore useful in that they provide a way in which we can 

measure the level of inhibition in the cortex, for example after a plasticity inducing 

paradigm or event. 



– 28 – 

1.4.6 Modulating plasticity 

According to the Hebbian principle, synaptic plasticity results from the presynaptic 

cell’s repeated and persistent stimulation of the post synaptic cell. It is also possible to 

modulate synaptic efficacy by activating a cell with two or more inputs at close to the 

same time. Synaptic connections can become weak with disuse and strong with use. 

Increased synaptic efficacy is called LTP and decreased synaptic efficacy is called long 

term depression. Using these principles, we can see that TMS can be used to induce 

plastic changes in the brain. The rate of administration of stimuli will determine the 

effect of plastic changes (inhibitory or facilitatory). 

Repeated TMS at slow rates will cause a decrease in brain excitability via mechanisms 

akin to long term depression (Chen et al., 1997). Repetitive TMS (rTMS) at faster rates 

will cause an increase in brain excitability, via mechanisms akin to LTP (Pascual-Leone 

et al., 1994). Alternative paradigms appear to have better results than rTMS (Fitzgerald 

et al., 2006). These include theta burst stimulation (TBS), and repetitive paired pulse 

TMS (Huang et al., 2005b, Thickbroom et al., 2006). 

TBS involves the repeated application of short, high frequency, low intensity bursts of 

rTMS to the motor cortex. This has been shown to target specific populations of 

neurons in the motor cortex, modulating the excitability of these neurons (Huang and 

Rothwell, 2004). Intermittent TBS (iTBS), involving a 2 second train of TBS (3 pulses 

@ 50 Hz repeated every 200ms), every 10 seconds for 190 seconds (600 pulses) has 

found to increase the size of the MEP for a given stimulus intensity(Huang et al., 

2005a). 

The effects of TBS has been shown to outlast the stimulation by up to 60 minutes, up to 

twice as long as the effects of other forms of rTMS (Huang et al., 2005b). Investigation 

of these paradigms is limited (Fitzgerald et al., 2006); however, both appear to have 

potential to be more effective in situations requiring modulation of cortical excitability, 

when compared with rTMS. 

The use of TMS in addition to another stimulus such as peripheral stimulation or 

movement results in heterosynaptic plasticity (two stimuli activating cells via different 
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pathways). This same process occurs when TMS is applied synchronously to the motor 

cortex engaged in practised movements. This has been shown to enhance the encoding 

of an elementary motor memory (Hummel, 2005, Butefisch, 2004). This technique is 

particularly useful in the recovery of function of a brain injury such as a stroke. TMS 

combined with motor training specific to the usual functions of the muscle will enhance 

the restoration of function (Fraser et al., 2002, Hummel, 2005). 

1.4.7 Attention and plasticity 

It is important to note the effect that attention can have on activity in the cortex. It has 

been shown that attention paid to the stimulated hand can influence TMS results(Flor et 

al., 2001). This can be through influencing the degree of plastic response induced by 

paired central TMS, or the size of the receptive fields in the cortex (Fitzgerald et al., 

2006, Stefan et al., 2004). Flor et al. suggest that the increase in the size of receptive 

fields in the cortex is due to acetylcholine release by the basal forebrain inputs in the 

somatosensory cortex. Acetylcholine is released in this way during periods of high 

motivation or attention (Flor et al., 2001). No studies have explored fully the effects of 

attention on standard TMS responses, thus it remains a potentially major confounding 

factor (Fitzgerald et al., 2006). 

1.4.8 Cortical silent period 

The silent period is a pause in ongoing voluntary electromyography (EMG) activity 

produced by TMS (Hallett, 2007). 

The exact mechanism underlying the silent period after TMS is unknown, though 

existing explanations relate to both the central and peripheral nervous systems. Some 

studies have tried to separate components of the corticospinal volleys induced by TMS 

in order to further clarify the mechanism underlying the silent period. This included 

recording corticospinal volleys from epidural implants (Chen et al., 1999), and 

measuring the size of the H reflex (reflecting the excitability of the spinal motoneuron 

pool) following TMS stimulation (Fuhr et al., 1991, Ziemann et al., 1993). These 

studies all concluded that whilst the early part of the silent period may be due to the 

refractoriness of spinal motoneurons, the later part is due to cortical mechanisms.  
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Other studies support the hypothesis that the silent period is entirely due to cortical 

mechanisms. Wilson et al compared the effect of TMS with peripheral nerve stimulation 

on reaction time for a ballistic movement (Wilson et al., 1993a). They found that TMS 

induced a silent period that delayed movement onset reaction time until the end of the 

silent period, whereas peripheral nerve stimulation, which is thought to induce a silent 

period through inhibition of spinal motoneurons, did not induce a delay in movement 

onset. Based on the differences in results, they determined that the TMS induced silent 

period must have a cortical origin. They concluded that the TMS induced silent period 

must have a cortical basis. This finding supported the previous findings by Haug in 

1992 (Wilson et al., 1993a, Haug et al., 1992). Schnitzler subsequently demonstrated, in 

a small study of 2 patients with ischaemic lesions of the primary motor cortex, that the 

loss of the TMS induced silent period in these patients had an entirely cortical origin, as 

the spinal silent period was preserved (Schnitzler and Benecke, 1994). 

While part of the silent period may be attributed to the refractoriness of spinal neurones, 

these effects do not last long enough to be responsible for the entire silent period, thus 

there must be a cortical basis to the silent period. The cortical silent period is therefore 

considered to be an investigation of motor cortical inhibition (Wolters et al., 2011). 

1.4.9 Mapping the motor cortex 

Sensory information carried in neurons via touch, pain and temperature pathways from 

the body is projected in a highly specific way to the somatosensory area of the cortex. 

The arrangement of fibres in this area is such that the parts of the body are represented 

in order along the postcentral gyrus. The fibres are not only highly localised, but the 

size of the cortical receiving area for impulses from a particular part of the body is 

proportionate to the use of that part. These areas and their relative sizes can be mapped 

in the form of the homunculus (see Figure 1.4)(Ganong, 2005). The cortical receiving 

area for the trunk and back are small, whereas the hand and mouth have much larger 

areas. 
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Figure 1.4 Position of the motor and somatosensory cortices, and the relative size of the area of 
cortical representation of each body part on that cortex (Huang, 2013) 

It is possible to map the cortical representations of different body parts using TMS. This 

can be done by moving the coil over the scalp and recording the MEPs from different 

sites. Different body parts, such as arm and leg, will have discrete separated 

representations. The muscles of each body part, however, will have overlapping 

representations (Hallett, 2007). Many methods have been used for mapping the cortical 

representations of muscles, most often intrinsic hand muscles. These all differ slightly, 

especially as many brain mechanisms are unknown. Different mapping protocols have 

been used depending on the aim and hypothesis of the study at hand. 

1.4.9.1 Mapping technique 

Wilson et al. modelled the scalp as a hemisphere, locating stimulus sites using a 

latitude/longitude based coordinate system. Latitude was classified as the distance over 

the scalp from the vertex, and longitude the distance around a line of constant latitude 

using the inter-aural line as a reference. In order to mark stimulus sites, a cap with 

premarked spacings was worn. Markings were 1cm apart along lines of latitude and 
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longitude (Wilson et al., 1993a). Note in a later study markings of longitude were 

spaced 2cm apart, half the spatial resolution of latitude. This is because the shape of the 

coil. The current induced by the figure eight coil flows in the anteroposterior axis, 

meaning that a shift of the coil in longitude has a lesser effect on the focus of induced 

current flow than would a shift of latitude. There is therefore less accuracy to be gained 

from increasing the spatial resolution of the longitude coordinates (Byrnes et al., 1998). 

The protocol used by Wilson et al. has been shown to produce reliable and valid results. 

It has been shown to give maps that are stable over intervals of up to 2 weeks (Uy et al., 

2002). Uy et al. in their study validated the use of centre of gravity (COG) and area for 

the investigation of the short and long term effects of physiological or pathological 

interventions that change the cortical representation of intrinsic hand muscles. 

1.5 Other neuroimaging tools 

It is important to consider alternative means of conducting these investigations. These 

are outlined below. 

1.5.1 Electroencephalography (EEG) and MEG 

There are other tools available to measure cortical activity and topographic 

representation. EEG and MEG are direct measures of neuronal activity. EEG measures 

the voltage difference from different sites on the scalp. This difference is set up by 

transmembrane currents that are mainly post synaptic potentials of apical dendrites of 

large pyramidal cells. Those cells orientated perpendicularly to the cortical surface have 

more influence than those oriented tangentially, thus the EEG is favoured by the 

columnar organization of the cortex. MEG measures intracellular currents. Both 

techniques provide good temporal resolution, though not such accurate spatial 

information as other techniques. MEG is less distorted by the scalp and skull; however, 

it is better to refer to an alternative neuroimaging technique to gain spatial information. 

In other words, EEG/MEG studies can be used to detect what is happening in the cortex, 

and give information about its time course (Hallett, 2007). 
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1.5.2 PET / fMRI 

Positron emission tomography (PET) and functional magnetic resonance imaging 

(fMRI) are functional neuroimaging techniques. These provide good spatial localisation 

but less temporal resolution than EEG and MEG. PET measures the regional cerebral 

blood flow. This is a reasonable measure, as an increase in synaptic activity requires an 

increase in local metabolism. This stimulates changes in perfusion that are measured by 

PET. fMRI most commonly use a technique (the BOLD, blood oxygen level dependent, 

technique) measures the oxidation state of haemoglobin in the blood. An increase in 

metabolism leads to a greater increase in blood flow than oxygen extraction, thus the 

blood becomes more oxygenated. This correlates both with perfusion measures as well 

as synaptic activity. 

1.5.3 Comparison with TMS 

Hallet compared these techniques by reviewing studies of the motor cortex during a 

go/no go experiment (Hallett, 2007). This is a two choice reaction time experiment, to 

either move or not to move, depending on the stimulus. fMRI revealed distinct 

activation in the M1 region during the go trial, but no activation in the no go trial. The 

supplementary motor area, however, was active in both trials. This result suggests that 

the brain is involved in the decision making process in the no go trials, even though it is 

not seen in the M1 test (Hallett, 2007). 

During EEG studies, there is found to be an increased negativity most prominent 

less/uninjured to the moving limb. The increased negativity in the M1 region was 

present in both the go/no go trials, though the increase was higher with the go trial 

(Leocani et al., 2001). This indicates that something is happening in M1 region during 

the no go trial, even though the fMRI is negative. 

TMS used in a study of the same experiment cleared up the confusion. TMS was 

applied to the less/uninjured motor cortex during the reaction time period. In order to 

explore the change (increase or decrease) in excitability, the baseline was a small MEP. 

This allowed inhibition as well as facilitation to be detected. During the go trial there 

was found to be an increase in excitability prior to the movement. During the no go trial 
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there was active inhibition. This coincides with the EEG findings of activity in M1 

during the no go trial. It has been suggested that the reason why this activity was not 

shown by neuroimaging is the fact that inhibition is a much less demanding metabolic 

process than excitation (Hallett, 2007). 

TMS and fMRI provide complementary information. Whilst they can both be used to 

map the location of the cortical activation associated with a particular muscle or 

movement, the subsequent results are usually different. Lotze et al. compared 

representational maps generated during movement by fMRI and TMS. There was found 

to be some topographical difference between the representation sites as evaluated by 

TMS and fMRI. It has been suggested that the difference is due to the orientation of the 

magnetic field induced by the current in the coil during TMS studies, as the fibres 

running parallel to the magnetic field are more effectively stimulated by TMS (Lotze et 

al., 2003b). The differences in three dimensional data may also be due to the absolute 

distance between the stimulation site and the actual cortical representation (Lotze et al., 

2003b). The deeper the site is in the brain, the smaller the stimulation intensity acting on 

it is as it passes through a greater thickness than if the site were close to the cortical 

surface. Similarly, it is difficult to accurately predict the representational sites using 

TMS as it is difficult to confirm the exact point to which the stimulation is projecting to. 

1.6 Exercise 

1.6.1 Introduction 

For quite some time now it has been recognised as common practice to employ exercise 

as a therapeutic method during rehabilitation from injury. These injuries range from 

muscular tears to peripheral neurological damage to traumatic brain injury such as a 

stroke. Exercise has been shown to improve healing times and outcomes when 

recovering from such injuries. Is this just a local response to specific exercises, e.g. leg 

strengthening exercises following a lower limb injury, or is the benefit seen a result of a 

more generalised process induced by exercise? 

Previous studies of physical activity in mice have shown that physical activity can 

enhance neurogenesis, improve learning and cognitive function, and facilitate recovery 
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from injury. It has been suggested that the upregulation of trophic factors, modulation of 

synaptic strength and LTP like mechanisms can help to explain these beneficial effects 

of exercise (van Praag et al., 1999). 

1.6.2 Exercise and neuroplasticity 

Studies have examined the effect that exercise has on neuroplasticity by investigating 

the effect on the excitability of the motor cortex. They have investigated ways in which 

to modulate or drive cortical plasticity using a variety of exercise training techniques 

(Butefisch, 2004, Dunlop and Steeves, 2003, Florence, 2001, Hummel, 2005). This is an 

example of use dependent plasticity driven by training. This may result in encoding 

motor memories in the CNS. The training leaves a memory trace in M1 that reflects the 

kinematic details of the practised movements (Butefisch, 2004). According to the 

Hebbian principle, increased efficacy of a synapse results from the presynaptic cell’s 

repeated and persistent stimulation of the post synaptic cell. This repeated and persistent 

stimulation is what occurs during training, leading to the strengthening of those 

synapses and encoding of the motor memory. The end result is that the exercise may be 

performed better the next time around; in the same way that a memory may be recalled 

more quickly the more it is used. These studies relate to specific training exercises to 

improve performance. There is also evidence to suggest that regular exercise (not a 

specific exercise task) can increase neuroplasticity. 

Cirillo et al. showed that participation in regular exercise can enhance neuroplasticity, 

leading to improved learning and neurorehabilition (Cirillo et al., 2009). 

1.6.3 Exercise and learning 

Van Praag investigated the effect that regular exercise (in this case running) has on the 

acquisition of a new task. His studies of mice revealed that in the group that had access 

to a running wheel for 10 days prior to the learning of a water maze task there was 

increased neurogenesis in the hippocampus, improved performance, and increased LTP 

in the dentate gyrus (van Praag et al., 1999). The study concluded that running can 

increase synaptic plasticity, neurogenesis and learning, which has been supported by 

subsequent study results (Yoon et al., 2009, Hirsch and Farley, 2009). It was also 
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hypothesised that there may be a causal link between these effects. For example, it was 

hypothesised that new neurons may affect hippocampal physiology more than mature 

cells do. This may explain how increased neurogenesis may contribute to learning as 

new cells may mediate increased synaptic plasticity. There is some merit to such 

hypotheses, though further research needs to be conducted (van Praag et al., 1999). 

In 1995 Pascual-Leone et al. used TMS to measure the modulation of muscle responses 

during the acquisition of new fine motor skills (piano playing). The first cohort 

compared subjects learning a new task for 2 hours per day with a group practising a 

previously learned skill for 2 hours per day. There was a reduced TMS threshold and 

increased cortical representation of the finger flexor and extensor muscles in the new 

task group compared with previously learned task. 

The second cohort compared those performing physical practice with mental 

(visualisation) practice and a control group. The cortical representation of the finger 

flexors and extensors increased, and the threshold for activation by TMS decreased in 

both the mental and physical practise groups compared with the control (Pascual-Leone 

et al., 1995). Performance improvement by physical practice was better than those 

conducting mental practice; however, it is useful to consider that mental activities may 

have an effect on physical recovery in patients who may be unable to perform physical 

activities e.g. in the acute phase post hemiparetic stroke. 

Cirillo et al. investigated the changes in MEP amplitude after visuomotor training in 

young and old adults. The study demonstrated an increase in MEP amplitude for up to 1 

hours post training, citing use dependent plasticity via LTP like mechanisms in cortical 

circuits as the mechanism underlying these changes (Cirillo et al., 2011). These findings 

are consistent with other visuomotor skill training studies performed in young adults 

(Todd et al., 2009, Perez et al., 2006, Perez et al., 2004). 

The question that arises from these studies is whether the type of skill performed has an 

effect on motor plasticity. For example, is cortical plasticity more greatly increased 

during the acquisition of a new skill, or is it equally enhanced during any form of motor 



– 37 – 

training? With that being said, in a patient who is immobile post injury (e.g. stroke 

patients) is there a role for passive movement exercise to promote behavioural recovery. 

1.6.4 Type of exercise 

Perez compared the effects of passive and active training on intracranial outcomes 

measured using TMS. After 32 minutes of either active/passive/or no training there was 

found to be an increase in the slope of the stimulus response curve, reduction in SICI, 

and no change in intracortical facilitation in the active skill group. The passive group 

demonstrated none or only minor lasting excitability changes (Perez et al., 2004). These 

findings are consistent with those of Lotze, who investigated short term repetitive wrist 

movements. This study found a more prominent increase in activation of the motor 

cortex, increase in recruitment curve slopes, and intracortical facilitation after active 

training compared with passive training (Lotze et al., 2003a). Edwards et al. in 2002 had 

demonstrated that repetitive passive movement resulted in a reduction in intracortical 

excitability (Edwards et al., 2002). This result helped to support the hypothesis that 

voluntary drive has a role to play in motor learning(Lotze et al., 2003a). 

A study conducted in 2005 investigated the effects on MEP max amplitude, stimulus 

response curve slope and TMS threshold to stimulation after 4 weeks of strength 

training compared with visuomotor skill learning. The results revealed increased 

strength but depression of corticospinal excitability at rest in the strength group. 

Conversely, there was increased corticospinal excitability in the visuomotor skill group 

that correlated with motor performance observed during the visuomotor task. These 

results indicate that there are different neural adaptive changes in response to strength 

training compared with skill acquisition training (Jensen et al., 2005). 

The measurements in this study were taken immediately after the strength training 

exercise. It is important to consider fatigue as a factor that can also affect results of 

TMS studies (Maruyama et al., 2006, Taylor et al., 1999). Most recently, Maruyama et 

al. have found that fatiguing exercise (as reported by subjects performing contractions 

of the first dorsal interosseus (FDI) muscle of the hand), leads to post exercise 

depression of MEP lasting for up to 15 minutes. The study also demonstrated that SICI 
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is transiently reduced, with recovery within 5 minutes of completion of the task. This is 

important as reduced SICI might compensate in part for even more reduced cortical 

excitability than the depression in MEP amplitude might suggest (Maruyama et al., 

2006) 

1.6.5 Exercise and CNS injury 

Animal studies comparing brain lesioned and intact lab animals have shown that motor 

training can trigger lasting neural change that can lead to better recovery of behavioural 

function (Hirsch and Farley, 2009). Tillerson investigated CNS changes (including 

signalling proteins, at transporters and receptor levels) in response to induced injury 

resulting in limb use akinesia immediately post injury. 

The forced running group displayed complete recovery from forelimb akinesia 

(treadmill running twice per day). This recovery persisted for 4 weeks (all testing days). 

The sedentary group displayed persistent behavioural impairments across the testing 

days (Tillerson et al., 2003). This is consistent with other studies demonstrating positive 

effects of forced movement in animal models of CNS injury (Poulton and Muir, 2005, 

Pothakos et al., 2009). 

1.6.6 Growth factors affecting neuroplasticity 

Upregulation of growth factors has been suggested to play a role in modulating 

neuroplasticity in response to exercise or training (Ziemann et al., 2001) (Ferris and 

Williams, 2007). This is outlined below. 

1.6.6.1 Brain derived neurotrophic factor (BDNF) 

Neurotrophins are signalling proteins that are involved in regulating the survival and 

differentiation of neural populations during the stages of brain development. There is 

also a large body of work that suggests that neuroptrophins continue to shape neuronal 

structure and function throughout life. BDNF is a neurotrophin that is known to regulate 

synaptic transmission and plasticity in the adult CNS. BDNF activates distinct 

mechanisms to regulate the induction, early maintenance and late maintenance phases of 

LTP (Bramham and Messaoudi, 2005). LTP is a form of neuroplasticity that results in 
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increased strength of synapses (Hallett, 2007). Such plasticity may be exploited 

therapeutically, as long lasting changes in the brain form the basis of healing and 

recovery after brain insults such as stroke (Dimyan and Cohen, 2011). A stroke results 

in the disruption of brain function, and recovery relies on the plastic properties of the 

brain in order to regain function. The aim of stroke rehabilitation, therefore, is to 

harness and facilitate plasticity in order that recovery may occur more rapidly and 

completely than if left to spontaneous processes. As it is known that BDNF regulates 

the LTP processes of plasticity, it follows that factors that can regulate BDNF levels 

may help to facilitate plasticity and be used to help to drive healing and good recovery 

from injury. It is known that motor training of the impaired limb after disabling stroke 

helps to improve motor recovery, reduce lesion size, and reduce functional 

reorganisation at the level of the cortex (Forrester et al., 2008, Hirsch and Farley, 2009). 

It may be suggested that exercise may be one such factor that can influence plasticity 

and help to drive recovery. 

A review of human studies suggests that acute aerobic exercise increases the circulating 

basal peripheral BDNF concentration, albeit only transiently (Knaepen et al., 2010, 

Ferris and Williams, 2007). It is difficult to assess central BDNF concentrations in 

human studies; however, studies in rats have found increases in neurotrophin levels in 

exercising rats after induced injury. These induced injuries include dopaminergic injury, 

and streptozotocin-induced diabetes. These studies suggest that exercises induces the 

increase seen in BDNF and other neurotrophin levels and that this is a cause of the 

mechanisms by which exercised rats recover earlier from induced CNS injuries than 

non-exercised rats (Hirsch and Farley, 2009, O'Dell et al., 2007, Liu et al., 2009, Yoon 

et al., 2009). 

1.6.6.2 GABA inhibition 

In addition to elevated neurotrophic factors, the enhanced neuroplasticity seen with 

increased physical activity is also associated with a reduction in GABA-A inhibition. 

This has been demonstrated in animal models (Ziemann et al., 1998, Sale et al., 2007). 
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In human studies, Ziemann et al. demonstrated that neuroplasticity induced by TMS is 

enhanced by reducing GABA-A mediated inhibition by ischaemic nerve block 

(Ziemann et al., 1998, Ziemann et al., 2001), therefore, a reduction in intracortical 

inhibition following aerobic exercise may be a possible mechanism by which exercise 

enhances neuroplastic change. 

1.6.7 Exercise in the RPH Burns Unit 

The benefits of exercise have long been touted. It has been shown to have positive 

effects on mental and physical wellbeing, memory, and recovery from injuries such as 

stroke, to name a few. In the RPH Burns Unit, survivors of severe burn injuries are 

encouraged to mobilise almost immediately post burn. They enter into a vigorous and 

comprehensive exercise program that aims to promote and preserve normal physical 

functioning. It is unknown, however, whether placing these severely damaged bodies 

under stress so soon after the time of injury can be detrimental to the patient. 

Longitudinal analysis of hospitalisations due to burn injury from 1983-2008 shows a 

decline in the number of hospital admissions and reduced length of stay (Duke et al., 

2011). The reduced length of stay may be attributed, in part, to improved medical and 

surgical care, which includes allied health input such as early rigorous physiotherapy. 

There has also, during this time, been a shift towards ambulatory care, managing the 

patient in the outpatient setting. Early mobilisation can encourage early discharge and 

allow for this outpatient follow up. This data is limited in that it does not include 

patients managed in the outpatient setting, and does not indicate what functional 

outcomes are achieved (i.e. long term disability, return to work, readmission). It is 

difficult to remove exercise as a confounding factor in this study, for all patients tested 

received treatment through the RPH Burns Unit, which includes this exercise protocol. 

Many studies focus on specific training in order to recover function after injury. For 

example, upper limb exercises to aid recovery of upper limb function following 

hemiparetic stroke. The question to be posed is whether general aerobic exercise can 

have an overall positive effect on recovery from injury, in particular a burn. 
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Previous studies have provided evidence showing that exercise helps to protect against 

neurological damage in patients with neurodegenerative disease such as Parkinson’s 

disease (Hirsch and Farley, 2009, Poulton and Muir, 2005, Tillerson et al., 2003, 

Cotman et al., 2007). This implies that the benefits derived from exercise may not be 

solely limited to the particular muscle at work, as exercise has an effect on the brain. To 

investigate this concept, we studied the effects that exercise has on a number of 

neurological factors including cortical excitability, intracortical inhibition, and 

neuroplasticity, in a normal population. 

1.7 Summary 

It is known that CNS has the ability to reorganise itself in response to peripheral nerve 

injury (Chen, 2002). It has also been shown that by activating normal neural pathways 

for example through movement or stimulation or exercise, it is possible to promote 

cortical reorganisation to achieve an improved functional outcome following these 

injuries (Dunlop and Steeves, 2003, Hummel, 2005, Flor et al., 2001, Beazley et al., 

2003, Jurkiewicz, 2007). It is, however, unknown whether this occurs in response to a 

burn injury. The idea that there is a central influence that drives the recovery of function 

after a burn is an intriguing one. The results by Anderson (Anderson, 2007) suggest that 

there is more than just a local response. 

The aims of this study, therefore, are: 

! To establish whether there is a persistent cortical response to a burn injury. 

! To create a standard protocol for the use of TMS to investigate burns patients. 

! To investigate what effect, if any, that exercise may have on neuroplasticity. 

It is hypothesised that there is a cortical response to a burn injury, and that TMS 

is a safe and sensitive tool that may be used to measure this response. It is also 

hypothesised that exercise can be used to promote neuroplasticity. 
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2 Methods 

This study revolves around three main aims: 

! To establish whether there is a persistent cortical response to a burn injury. 

! To create a standard protocol for the use of TMS to investigate burns patients. 

! To investigate if exercise has an effect on neuroplasticity. 

It is known that the brain’s functional anatomy is able to reorganise itself in response to 

injury. What is yet to be determined is whether it is able to reorganise itself in response 

to a burn injury, and whether this reorganisation results in a persistent cortical change. 

The secondary aim of this study was to establish if TMS is a sensitive method of 

measuring the cortical response to a burn injury. 

This study also proposed to establish TMS as a tool to measure the CNS response in 

burn injured patients. This is the first time that a TMS protocol has been standardised 

for use in burns patients. In order to assess this, both burn injured and uninjured subjects 

were recruited to undergo TMS testing, which included mapping to the cortical 

representation of the FDI muscle, as well as analysing various components of the TMS 

testing including threshold, maximum MEP, silent period and latency duration. The 

burn injured patients underwent more comprehensive data collection, including sensory 

testing. In addition, patients answered functional quality of life questionnaires in order 

to establish their subjective view of their current level of function.  

With respect to functional outcome, patients suffering from chronic pain were excluded 

from the study. Whilst acute burn pain is known to be a severe complex issue, only 18% 

of patients surveyed in Western Australia reported progression to suffering from chronic 

or long term pain issues (Falder et al., 2009, Browne et al., 2011). The underlying 

patient and injury factors that contribute to the development of chronic pain, and the 

interaction between an individual’s level of pain and their functional outcome is a 

complex area of study that warrants further work (Falder et al., 2009). Pain has been 

identified as a modulator of cortical plasticity (Chen, 2002). This is described in the 

literature review (section 1.3.3). The effect of chronic pain on neuroplasticity in burns 
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patients was demonstrated by Portilla et al (Portilla et al., 2013). In our study, chronic 

pain was an exclusion criterion in order to reduce confounding in TMS results due to 

cortical changes mediated by pain. None of the patients tested had ongoing pain related 

to their previous burn injury. 

A burn injury is highly variable with respect to its severity, and the response to a burn 

injury varies between individuals (ANZBA, 2011). The data analysis looked at each 

patient individually, as well as comparing patients with different burn characteristics 

and functional outcomes with each other as well as the uninjured subjects tested. This 

was important in order to determine if any TMS changes observed were associated with 

this highly complex injury. 

Further to this, we have recognised exercise, as a known modulator of cortical 

plasticity, as a potential confounding factor in this study (Hummel, 2005). All of the 

burns patients that were recruited had undergone an early and aggressive exercise 

protocol as part of their standard treatment in the WA Burns Unit. It was therefore 

important to investigate the potential effect that this exercise protocol has on cortical 

plasticity. 

The methods for the study investigating aims 1 and 2 are outlined below. The methods 

describing the study addressing Aim 3, the exercise and neuroplasticity study have been 

included in chapter 4 in the form of the published journal article. 

2.1 Study participants 

Burns patients were recruited from the WA Burns Service (RPH). Patients deemed 

suitable for the study had suffered an upper limb burn at least 18 months previously to 

ensure scar maturation (Papini, 2004). The included patients were less than 50 years of 

age at the time of the burn, to rule out confounding caused by differences in wound 

healing in the elderly population (Karamanos et al., 2015),  and were able to give 

informed consent. Patient information sheet and consent form can be found in 

Supplementary Appendix 1. Patients were treated at RPH or Princess Margaret Hospital 

(PMH). The control population was chosen to be age and gender comparable to the 

patient group demographics. 
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2.1.1 Inclusion criteria 

! Age >18yrs at time of testing; 

! Age <50 years at time of burn; 

! Have a healed upper limb burn; 

! Be able to give informed consent; 

! Have been treated acutely at RPH or PMH. 

! The patient must have had an operation or a length of stay of over 7 days, with at 

least 10 dressing days in total. 

2.1.2 Exclusion criteria 

! Having, or having had a documented neurological condition or injury; 

! Electrical burn or chemical burn; 

! Cold injury; 

! Chronic pain 

! Burn as a result of self harm 

2.1.3 Contraindications to TMS 

! Having an implanted pacemaker 

! Medication pump 

! Vagal stimulator 

! Deep brain stimulator 

! Metallic hardware in the head or scalp such as shrapnel, surgical clips or fragments 

from welding 

! Signs of increased intracranial pressure 

! History of migraine 

! History of neurological condition 

2.1.4 Uninjured population 

In addition to the burn injured subjects, an uninjured population also underwent TMS 

testing. All testing was performed under the same conditions by one investigator. This 

allowed the comparison between burn injured and uninjured patients, without 

confounding factors such as inter investigator variability. 
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The uninjured population included 3 female and 8 male subjects aged 18-60, who had 

no history of significant burn injury or neurological condition. See Table 2.1. Exclusion 

criteria consisted of contraindications to TMS, as listed in section 2.1.3. 

2.1.5 Pilot case study 

The first part of the investigation series involved a comprehensive pilot using a case 

study design. The patient was a 20 year old male who had sustained 15% TBSA burns 

at the age of 11 (see Table 2.2). He was assessed over the course of three sessions, 

conducted over a 2-week period. Investigations included including TMS, sensory 

function testing, and three dimensional movement analysis. 

Session 1 

TMS studies were carried out as per the methods outlined in section 0. 

Session 2 

During the second session functional analysis was conducted including motor, sensory 

and quality of life assessments, which were carried out in accordance with the 

recommended guidelines. 

Session 3 

The third session was conducted at the gait analysis laboratory, and allowed for a more 

in depth assessment of the patient’s functional abilities and movement patterns. Access 

to the results of previous investigations and functional assessments was allowed with 

permission from the patient. 

2.1.6 Study series 

Following the case study investigations, 12 additional subjects were recruited to 

undergo sensory testing and TMS testing. These subjects had all suffered a burn injury 

involving the upper limb; however, they varied with respect to other aspects of the 

injury such as TBSA, burn depth, location and time since injury. The first 8 subjects 

underwent sensory testing as well as TMS mapping. The second part of the study 

included more patients who were in the acute phase post burn injury (<2years post 
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burn). The subjects recruited in the second part of the study did not undergo sensory 

testing. 

Part 1 

The initial phase of the case series tested 8 patients who had sustained an upper limb 

burn injury. Given the limitations of recruitment, this included patients who had an 

upper limb burn; +/- burns to other body areas (see Table 2.3). 

The burns patients were assessed during a single 3 hour session. During this session, all 

patients except one (Patient 2) underwent sensory testing, TMS mapping, and 

completed a quality of life questionnaire. Patient 2 did not undergo sensory testing due 

to time constraints, and was unable to attend an additional session to complete the 

testing. The protocol was adjusted hereafter to ensure that sensory testing was 

conducted at the time of TMS testing. 

Part 2 

After part 1 study, a further 5 subjects were tested. These subjects did not undergo 

sensory testing due to previous complaints by patients regarding the duration of the 

testing. It was agreed that these patients should complete the quality of life 

questionnaires and undergo TMS mapping only (see Table 2.4). 

During the study, the inclusion criteria were adjusted to include patients with a healed 

upper limb burn. This adjustment received approval by the RPH ethics committee. 
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Subject Gender Age Handedness 
1 M 43 R 

2 F 18 L 

3 M 22 R 

4 M 19 R 

5 F 55 L 

6 M 28 R 

7 M 21 R 

8 M 22 R 

9 M 24 L 

10 F 21 R 

11 M 34 R 

12 F 21 R 

Table 2.1 A summary of the demographic data for the uninjured population tested.  



– 48 – 

Patient Gender Age Age of 

injury 

(years) 

Injury 

mechanism 

Burn 

severity 

(TBSA) 

Burn 

depth 

Burn 

Location 

Surgery 

required 

Other 

treatment 

1 Male 20 8 Thermal (petrol can 

explosion) 

40 Full thickness Left face, shoulder, arm, chest, back. 

Hand spared 

yes split skin graft, Integra, cell 

spray 

Table 2.2 The nature of the burn injury of the case study patient 

This information was used to group patients according to burn injury characteristics. These groups were then compared to one another, and the uninjured subjects 
tested. 
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Patient Gender Age Age of 

injury 

(years) 

Injury 

mechanism 

Burn 

severity 

(TBSA) 

Burn 

depth 

Burn 

Location 

Surgery 

Required 

Other 

treatment 

2 Male 41 3 Thermal (butane gas 

tank explosion) 

35 Deep partial Face, right shoulder, sternum, right arm, 

right elbow, both knees, chest wall 

Yes split skin graft, cell spray 

3 

 

Male 55 6 Thermal (petrol) 7 Deep partial/ 

full thickness 

Right sided facial, arm and chest burns Yes nil 

4 Male 42 5 Thermal  

(airplane crash) 

30 Full thickness Face, arms torso, left hand Yes split skin graft 

5 Female 39 6 Thermal  

(hot water) 

2 Deep partial Right volar surface of forearm Yes split skin graft, Recell 

6  Male 31 5 Thermal (airplane 

crash) 

25 Full thickness Face, both arms, torso Yes split skin graft, full thickness 

skin graft to right hand 

7 

 

Male  55 3 Thermal  22 Full thickness Face, back, left arm and hand 

circumferential burn; right arm non- 

circumferential burn to dorsum of hand 

Yes split skin graft, cell spray 

8 Male 19 6 weeks Scald  5 Superficial 

partial 

Partial thickness burns both arms, left 

wrist, superficial burns to face 

No Nil 

Table 2.3 The nature of the burn injuries of the patients in part 1 

This information was used to group patients according to burn injury characteristics. These groups were then compared to one another, and the uninjured subjects 
tested. 
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Patient Gender Age Age of 

injury 

(years) 

Injury 

mechanism 

Burn 

severity 

(TBSA) 

Burn 

depth 

Burn 

Location 

Surgery 

required 

Other 

treatment 

9 Male 59 6 weeks Thermal (car caught 

alight) 

15 Deep partial Left hand, left leg, right knee, face Yes split skin graft, Recell 

10 Female 20 0.5 Thermal (melted 

sugar) 

2 Full thickness Right hand dorsum Yes Fenestrated split skin 

graft 

11 Male 40 1 Radiation (liquid 

gas) 

2 Superficial 

partial 

Partial thickness burn left forearm, right 

hand (circumferential) 

no nil 

12 Male 18 6 weeks Thermal (oil) 1 Superficial 

partial 

Right wrist and hand yes split skin graft, Recell 

13 Male 50 6 weeks Thermal 2 Superficial 

partial 

Right middle finger No nil 

Table 2.4 The nature of the burn injury of the patients in part 2 

This information was used to group patients according to burn injury characteristics. These groups were then compared to one another, and the uninjured subjects 
tested. 
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2.2 Transcranial magnetic stimulation 

Testing was conducted at the Centre for Neuromuscular Research (QEII Medical 

Centre). 

Patients were seated and comfortable. 

2.2.1 MEP recording 

The muscle being studied was the FDI muscle. It is much easier to study the cortical 

map of the intrinsic hand muscles due to their relatively large representation in the 

motor cortex (see Figure 2.1). This is due to the large density of sensory nerves in these 

areas that supply the cortical area. We can see that areas such as the mouth and hands 

that have a high density of sensory nerves have a relatively greater representation in the 

cortex than the back or the leg for instance (Phillips and Porter, 1977, Brasil-Neto et al., 

1992). 

 

Figure 2.1 Position of the motor and somatosensory cortices, and the relative size of the area of 
cortical representation of each body part on that cortex (Huang, 2013) 
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Surface EMG was used to measure the MEP from the FDI muscle. The skin was 

washed and prepped with alcohol wipes. Ultrasound gel was used as a lubricant over the 

electrode sites. The negative electrode was placed on the muscle belly, and the positive 

electrode on the metacarpophalangeal joint that the tendon inserts on. Data was 

amplified by 1000 with high pass filtering at 10Hz and low pass filtering at 2kHz and 

digitised at intervals of 0.5msec for 500msec (2000Hz) before and after each stimulus. 

MEPs were recorded from the electrodes following each stimulation. Figure 2.2 shows a 

typical MEP recording. The large depression at time zero represents the magnetic 

stimulation, followed by the MEP measured from the FDI muscle approximately 25ms 

later. MEP amplitude is defined as the peak to peak amplitude in mV. 

 

Figure 2.2 An example of a MEP as it appears on the monitor. The subject maintains a low level 
of voluntary contraction, as demonstrated by the background EMG activity. Following the MEP, 
there is a pause in the EMG activity, called the silent period (Fitzgerald et al., 2009). 

Mapping and determination of threshold was carried out during a monitored low level 

isometric contraction of the FDI muscle. At the beginning of the experiment, the patient 

placed their hand on a wooden board, with the index finger isolated. The patient was 

asked to adduct the index finger against a fixed wooden block, contracting to their 

maximum for 3 seconds. The root mean square level (RMS) of the EMG was recorded 

during this time. RMS data allows for the smoothing out of the raw data recorded from 

the EMG to make it easier to view. 



– 53 – 

This was repeated twice, and the greatest RMS EMG recording during the three trials 

was taken as the patient’s maximum contraction. 

During mapping, the EMG RMS level was displayed continuously on a computer 

screen, visible to the subject, with lines demarking 10% +/- 3% of the subject’s 

maximum contraction. The subject was asked to keep their finger contracted keeping 

the level within this range during testing. Cortical stimuli were only delivered when the 

EMG level maintained by the subject was 10+/- 3% of their maximum contraction. 

Subjects were asked to relax after every 4 stimuli so as to avoid fatigue for at least 20 

seconds. No patient reported subjective muscle fatigue during testing. Whether a short 

term low force contraction leads to the development of muscle fatigue is unclear 

(Blangsted et al., 2004). Studies have suggested that even very low level muscle 

contraction can result in the development of fatigue (Blangsted et al., 2004, McNeil et 

al., 2011). The results of these studies however were based on sustained low level 

voluntary contraction, not intermittent contraction as in this protocol. As fatigue was not 

directly tested for, however, in this study it cannot be excluded as a confounding factor. 

Testing was performed at this level of 10% of maximum contraction as previous studies 

have demonstrated that MEP amplitude does not increase substantially with facilitation 

above the 5-10% range. Below this range, MEP amplitudes are affected by the level of 

facilitation, and thus it is important to measure the level of muscle contraction 

throughout the recording (Wilson et al., 1993b, Ravnborg et al., 1991, Hess et al., 

1986a, Hess et al., 1986b). 

Testing with low level voluntary contraction allowed the use of lower stimulus 

intensities. Contracting the target muscle facilitates the response to stimulation, and it 

has been shown that threshold is lowered with facilitation (Ravnborg et al., 1991, Hess 

et al., 1986a, Hess et al., 1986b, Hess et al., 1987, Wilson et al., 1993b). It has also been 

reported that map area is increased with facilitation. This is thought to be due to the 

lowering of motoneuron firing thresholds at the spinal level, which will increase the 

probability that descending corticospinal impulses will result in activation of the target 

muscle. Thus the map produced is better able to represent the full extent of the cortical 

representation for that muscle (Wilson et al., 1993b). It is also more comfortable for the 
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patient, for though TMS stimulation is not painful, there is a small level of discomfort 

that is associated with the stimulation (Hess et al., 1987). In addition, the TMS coil is 

less likely to overheat when lower stimulus intensities are used (Rossi et al., 2009). 

2.2.2 Stimulation 

Stimuli were administered using a Magstim 200 magnetic stimulator with a 70mm 

diameter figure eight coil. 

The coil was placed tangential to the skull, at a 45 degree angle to the interaural central 

line, with the centre of the figure eight over the site to be stimulated (see Figure 2.3). 

This position has been shown to produce the largest responses (Sandbrink, 2011, 

Brasil-Neto et al., 1992). 

A latex cap was fitted to the head as a marker to identify coordinates of a stimulus site. 

The cap was positioned using the nasion-inion line and the interaural line. The stimulus 

sites were pre marked on the cap at 1cm intervals marking latitude and longitude 

coordinates. Latitude was defined as distance over the scalp from the vertex, and 

longitude as the distance, along a line of latitude, from the interaural line. 

2.2.3 Optimal site 

The optimal site was the estimated centre of corticomotor projection that was used to 

determine the cortical motor threshold. 

The optimal site was determined initially by applying 4 stimuli to sites near or around 

the estimated centre of corticomotor representation of the FDI muscle. A stimulus 

intensity that would produce MEPs of approximately 1mV was used. The site that 

produced the largest MEPs at that given intensity was used to determine threshold. 

2.2.4 Corticomotor threshold 

The lowest intensity required to produce an MEP of a certain size is called the 

threshold. 

In this study, the stimulus intensity was determined by the AMT. This was determined 

at the site closest to the optimal site of activation of the FDI muscle. 
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Threshold was determined via a stepwise method. Starting at an intensity of 30% 

maximum stimulus intensity, and moving up in steps of 5%, four stimuli were delivered 

at each intensity. When close to threshold intensity, stimulus intensity was altered by 

1-2% increments until threshold was determined. These stimuli were delivered 5 

seconds apart, until threshold was determined. Threshold was defined as the lowest 

intensity at which 2 of 4 stimuli evoke a MEP of at least 1mv, based on the protocol 

described by Byrnes in 1998 (Byrnes et al., 1998).  

The stimulus intensity for mapping was taken as 120% patient’s AMT. The reason for 

using threshold adjusted stimulus intensities was in order to control for inter subject 

variation in threshold, and the effect that that may have on the cortical map produced 

(Wilson et al., 1993b). Wasserman reported that with 100% stimulator intensity, a larger 

map area in subjects with a low threshold than those with high thresholds is produced. 

This is thought to be due to greater current spread in subjects with low thresholds 

(Wassermann et al., 1992). 

2.2.5 Mapping 

We used the mapping protocol described by Wilson et al. (Wilson et al., 1993b). The 

protocol used by Wilson et al. has been shown to produce reliable and valid results. It 

has been shown to give maps that are stable over intervals of up to 2 weeks (Uy et al., 

2002). Uy et al. in their study validated the use of COG and area for the investigation of 

the short and long term effects of physiological or pathological interventions that 

change the cortical representation of intrinsic hand muscles. 

During mapping, four stimuli were delivered at each site, 5 seconds apart. The subject 

maintained a voluntary contraction of 10+/- 3% of their maximum contraction, with 

EMG feedback as described above. The first site stimulated was the estimated centre of 

the motor area for the FDI muscle. Stimulation was then administered at surrounding 

sites, moving forwards and backwards along that line of latitude until the stimulus no 

longer evoked an MEP that was discernable above background EMG activity. This 

process was repeated both up and down longitude. After testing in the positive direction 

of longitude, the cap fitting was rechecked, along with the first site stimulated, to ensure 
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that nothing changed during testing. Mapping then proceeded in the negative direction 

of longitude (upwards). 

 

Figure 2.3 A patient sits comfortably in a chair wearing a latex cap marked with 1cm 
coordinates. The figure 8 coil is placed at a 45 degree angle to the midline. 

The TMS mapping set up is shown in Figure 2.3. The subject is seated with the coil 

positioned according to the reference markers on the latex cap. EMG electrodes are 

positioned over the FDI muscle.  

2.2.6 Map calculation 

The amplitudes of the MEP waveforms produced at each site were averaged. This data 

was then fed into the cortical cartography program. This program converted the latitude 

and longitude coordinates of the stimulus sites to positions on an idealised sphere of 

half circumference based on the patient’s inter-aural distance, to produce a topographic 

map as shown from the vertex (see Figure 2.3). The centre of the map was determined 

from the location of the peak map value, defined by latitude (distance from the vertex), 

and longitude (distance from the inter-aural line along a line of constant line of latitude, 

as for the optimal site described earlier) (Wilson et al., 1993b, Thickbroom et al., 1999, 

Byrnes et al., 1998). The map area was then calculated from the area over the scalp at 

which the MEP was greater than 12.5% of maximum as described by Wilson 1993.  

(Wilson et al., 1993b). 
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2.2.7 COG 

The COG of the cortical map was also calculated. This is an alternative to the centre of 

the map calculated by the curve fitting program. This calculation uses the mean MEP 

amplitude data at each scalp site (in latitude and longitude coordinates), to calculate a 

COG. (COG = [Σvixi/Σvi, Σviyi/Σvi] for scalp sites (xi,yi) and amplitudes vi) 

(Wassermann et al., 1992). This has been shown to be useful and valid measurement 

that can be used to investigate changes in cortical representation of intrinsic hand 

muscles (Uy et al., 2002). 

2.2.8 MEP amplitude 

The peak to peak amplitude of the MEP reflects the number of alpha motoneurons that 

discharge in response to the TMS stimulus, and their synchronisation (Cantello et al., 

2002). Thus, MEP amplitude may be used as an indicator of the corticomotor 

excitability (Mak and Hallett, 2013, Cantello et al., 2002). In this study, the peak to 

peak amplitude of the MEPs produced at the same site at which threshold to stimulation 

was determined. The results were averaged, and compared between hemispheres and 

between subjects tested. 

2.2.9 Silent period 

The cortical silent period is the pause of ongoing EMG activity following TMS (Wilson 

et al., 1993a, Sandbrink, 2011). This was calculated by analysing the MEP waveforms 

produced at the optimal site of stimulation (as determined by initial measurements). The 

subject maintained a voluntary contraction of 10+/- 3% of their maximum contraction, 

with EMG feedback as described. The time lapse was calculated as the time from the 

TMS stimulation to the resumption of voluntary EMG activity following a period of 

inactivity. The time period was then averaged across the four measurements made at 

that site. The cortical silent period duration has been shown to be directly relate to 

stimulus intensity, which was maintained at 120% of the subject’s AMT, but is not 

influenced by the contraction strength of the muscle (Wolters et al., 2011). 



– 58 – 

2.2.10 Latency 

The latency is the time taken for the stimulus to produce a response in the target muscle. 

This is measured as the time from the initial TMS stimulus to the starting point of the 

MEP produced (Sandbrink, 2011). This measurement includes the a central as well as 

peripheral conduction time, i.e. the time taken from activation of the cortex to activation 

of spinal motor neurons, plus the time from spinal activation to the muscle response. 

(Hamada et al., 2013, Sandbrink, 2011). The shortest reproducible MEP latency is 

recorded during muscle contraction (Rothwell et al., 1987, Sandbrink, 2011). 

A cortical stimulus results in multiple descending volleys passing through the 

corticospinal tract, producing the resultant MEP (Hallett, 2007). At rest, the initial 

stimuli reaching the spinal motoneurons may not be enough to raise the resting 

membrane potential of these neurons above firing threshold. When the muscle is 

contracted, this voluntary descending input acts to excite some of the spinal motoneuron 

pool; raising the possibility that one of the earlier descending inputs will result in these 

neurons discharging (Day et al., 1987, Hamada et al., 2013). 

Maximal facilitation occurs with a background contraction of 10% maximal force (Hess 

et al., 1986a). As with the silent period, this measurement was calculated based on the 

four responses at the optimal site of stimulation, and averaged across the results at that 

site. 
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Figure 2.4 Example of a topographic map produced by cortical cartography program from TMS 
responses 

Figure 2.4 shows an example of a topographic map produced from the mapping 

protocol of the left and right FDI muscles in an uninjured subject. A cross marks the 

optimal site of activation of the FDI muscle. The colour of the map indicates the 

amplitude of the response (average MEP amplitude) measured at that site. The brighter 

colour indicates a larger response. Note the smaller response at the periphery of the map 

when compared with its centre 

2.3 Self reporting questionnaires 

2.3.1 QuickDASH questionnaire 

Functional disability was assessed using the QuickDASH (Disabilities of the arm, 

shoulder and hand (DASH)) questionnaire (Beaton et al., 2005). A copy of the 

questionnaire may be found in Appendix A. 

The QuickDASH questionnaire asks about the patient’s symptoms as well as their 

ability to perform certain activities such as mobility, self care and domestic activities. 

The QuickDASH is a self reported test of hand and upper limb function. It contains 

questions that evaluate symptoms and physical function. The questions ask about a 

patient’s ability to complete everyday tasks such as making the bed, opening doors and 

writing. The QuickDASH has been confirmed to be a valid and repeatable test that is 

appropriate for use in a burns population to assess change in functional level post injury 

(Wu et al., 2007). Scores range from 0 to 100 for each of the daily living, work, and 

sports/performing arts modules. A zero score on a section of the questionnaire indicates 

the patient recognises no disability, while scores increase to reflect their perception of 

their disability, with 100 indicating that they are unable to conduct any tasks. 

2.3.2 Burn Specific Health Scale – Brief Version 

Health related quality of life was assessed using the Burn Specific Health Scale – Brief 

Version (BSHS-B) (Kildal et al., 2001). A copy of the questionnaire may be found in 

Appendix B. 
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The BSHS-B is a self rated questionnaire that asks after the patient’s physical and 

psychosocial functioning (Dyster-Aas et al., 2004). It is a reliable and valid measure of 

the impact that a burn injury has on a patient (Blalock et al., 1994, Kildal et al., 2002). 

The BSHS-B comprises 40 questions, which cover 9 domains (Kildal et al., 2001). 

These nine domains are heat sensitivity, affect, hand function, treatment regimes, work, 

sexuality, interpersonal relationships, simple abilities, and body image (Kildal et al., 

2002). A numerical score is given out of 160. The higher the score, the better the 

outcome (Grisbrook et al., 2012). 

The BSHS is as the name suggests, specifically for burn survivors. Kvannli applied the 

BSHS-B to an uninjured population and discovered that this population do not respond 

with full scores to all questions, most notably in the non-physical questions (Kvannli et 

al., 2011). In light of these results it is important to take care when interpreting the 

BSHS-B scores. 

2.4 Sensory testing 

Sensory testing was conducted over the patient’s scar site, as well as the corresponding 

site on the uninjured side. Testing took place over a marked grid of 5 squares, and the 

average result was recorded (see Figure 2.5). 

     

Figure 2.5 Sensory testing site, grid marked with 5 testing squares, on the patient’s burn scar 
and corresponding uninjured side 
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2.4.1 Light touch threshold 

This was assessed using the Semmes-Weinstein monofilaments abbreviated set. The 

Semmes-Weinstein monofilaments are used to assess a patient’s ability to distinguish a 

single point stimulus from normally occurring atmospheric background stimuli, i.e. 

detect touch. 

The abbreviated set consists of 5 filaments designed to provide a particular amount of 

force, which has been shown to correlate with degree of sensory loss (see Table 2.5). 

Log force Force (g) Sensory function 

2.83 0.0677 Normal 

3.61 0.4082 Diminished light touch sensation 

4.31 2.0520 Diminished protective sensation 

4.56 3.632 Loss of protective sensation 

6.65 447 

Table 2.5 Abbreviated monofilament set 

This table shows the 5 filaments (log force), their corresponding force provided (g) and how this 
correlates to the patient’s sensory function. 

It has been shown that the monofilaments are a reliable tool for testing light touch 

sensation thresholds, with high inter and intra examiner reliability (Bell and Tomancik, 

1987). The methods for determining light touch threshold were carried out in 

accordance with the methods outlined by Bell, which describes starting with the lightest 

filaments, and progressing to heavier filaments until the threshold is determined. 

Sensory testing in burns patients is most often carried out using the Semmes-Weinstein 

monofilaments, although the properties of the assessment tools in the burns population 

require more research (Falder et al., 2009). The protocol used in this study has been 

shown by Anderson et al to provide a sensitive measure for measuring light touch 

sensory deficit in burn injured skin (Anderson et al., 2010). 

 

The subject was seated and comfortable (see Figure 2.6). Starting with the smallest 

force filaments, the subject was presented with the stimulus three times on each site. If 

the patient gave no response, progressively increasing filament forces were presented 

until threshold was determined (Bell, 1984). Stimuli were applied for 1.5 seconds. A 
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simple yes from the subject indicates detection of the stimulus, whilst ‘no’ or no 

response indicates no detection. Correct answers were classified as detection of the 

stimulus at that force. The sites were the scar site, as well as the corresponding 

less/uninjured site. The subject was not able to view the application of stimuli, as a 

screen was in place, blocking their vision. 

 

Figure 2.6 Monofilament application 

The monofilament is applied to the skin until the filament bends. The patient answers ‘yes’ if 
they detect this stimulus during its 1.5 second application time (Healthcare, 2007). 

2.4.2 Sharp touch protective sensation 

This tests the patient’s ability to detect superficial pain, which has been described as the 

best and most common method for examining protective sensation. Sharp pain sensation 

is necessary in order that a person can detect and withdraw from painful stimuli to avoid 

injury (Hunter, 2002). A patient was presented with a pin prick administered by a 

Neuropen® device loaded with either a sharp or dull Neurotip™ (see Figure 2.7). The 

Neuropen® allowed the force of the stimulus applied to be controlled at 40g. On each 

examination site the 5 squares were presented with either a sharp or dull stimulus. The 

patient had to respond whether the stimulus felt was “sharp” or “dull”. Each site was 

presented with at least 3 sharp stimuli. The patient was given a score out of 5 (see 

Figure 2.8). 
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Figure 2.7 The Neuropen® 

Two Neuropen® devices were used; one loaded with a dull Neurotip™ (left) and one with a 
sharp Neurotip™ (right). 

 

Figure 2.8 Example of Neuropen testing 

Each square was presented with either a sharp or dull stimulus, and the patient reported their 
perception of the stimulus. A score out of 5 was given, with 5 indicating no errors. 

2.4.3 Two point discrimination 

This tests the ability to perceive and distinguish between two stimuli. It is used to detect 

the innervation density of the fast and slow adapting fibres in the skin. This is a quick 
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and easy test to administer. A normal result will exclude nerve injury and can be 

obtained within a few seconds. 

One and two points are applied randomly to the skin. The result is the smallest 

separation at which the points are perceived as separate stimuli. The stimulus is once 

again applied to the scar site as well as the corresponding site on the unaffected arm. 

This test was also conducted from behind a screen so as to prevent the subject from 

viewing the stimulus (see Figure 2.9). 

 

Figure 2.9 The Disk-Criminator ™ 

The Disk-Criminator ™ (S.E. Mackinnon, A.L. Dellon) helps diagnose moving and static two 
point discrimination. The two disks have spacings from 2mm to 8mm and 9mm to 15mm 
respectively (AliMed, 2008). 

2.5 Three dimensional movement analysis 

This tool allows investigators to track very discrete changes in movement patterns 

following burn injury compared to normative data. Movement is analysed during four 

different tasks. The tasks were adapted from the DASH questionnaire, the Melbourne 

Assessment of Unilateral Upper Limb Function and based on the current clinical 

assessments used at RPH and PMH. The four upper limb tasks performed were: 

! Everyday task: Lift a cup of water to mouth. 
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! Jerk: Pointing to a target at shoulder height, in front and to the side. Jerk refers to 

the rate of change of acceleration and is a universally accepted quantity to evaluate 

irregularities of human limb movement (Flash and Hogan, 1985, Takada et al., 

2006). Raw data from this task was normalised with respect to length and duration 

of the movement to enable a comparison to be made between burn injured and 

non-injured participants. 

! Repetitive task: Lift weighted objects from table to shelf. This is designed to cause 

fatigue and show the rate of decline in the quality of movement. 

! Proprioception: This is designed to determine whether the spatial awareness of the 

limb and joint is affected by the burn 

A seven camera Vicon MX motion analysis system, sampling at 100Hz (Oxford 

Metrics, Oxford, UK) and two floor mounted AMTI force plates, sampling at 1000Hz 

(AMTI, Watertown, MA, USA), were used for the 3D motion analysis. Retro reflective 

markers placed on the patient allowed for the tracking of movement by the cameras. 

2.6 Data analysis 

Data for each burns patient and uninjured subject tested was collated and is presented in 

the results. For each burns patient tested, one arm was designated the “burn” arm, and 

the other the “less/uninjured” arm. In the case of unilateral burns, this labelling is 

according to the injury. In the case of patients with bilateral burns, the side with the 

worst injury, as assessed at the time of TMS testing, is labelled the “burn” arm for the 

purposes of analysis. In the case of the uninjured subjects tested, the left arm is 

compared to the right arm with respect to TMS testing results. Following the description 

of each case study (including the burns patients and the uninjured subjects), further 

group analysis was conducted. This included comparing patients with similar burn 

characteristics with those with differing characteristics, as well as the uninjured 

subjects. The burn characteristics were chosen as they are all indicators of burn severity 

and outcome, and are listed in Table 2.6. 
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2.6.1 Summary of population 

Table 2.6 summarises the burns population tested, splitting patients according to burn 

characteristics. The numbers of patients in each group is outlined below. 

Characteristic Total 

Unilateral burn 7  

Bilateral burn 6 13 

Multiple; burn involving multiple body locations 7  

Upper limb; burn involving upper limb/limbs only 6 13 

Unilateral upper limb burn 4  

Bilateral upper limb burn 2 6 

Full thickness  4  

Partial thickness 9 13 

>10% TBSA 6  

<10% TBSA 7 13 

>2years post burn 7  

<2years post burn 6 13 

Male 11  

Female 2 13 

Surgery 10  

No surgery 3 13 

Dominant 9  

Non dominant 4 13 

Sensory deficit 5  

No sensory deficit 2 7 

Functional deficit 9  

No functional deficit 4 13 

Table 2.6 Summary of burns population 

The patients have been split into “unilateral” and “bilateral” burns groups. This includes 

burns over all body parts. This helps to remove the confounding of results that occurs 

when looking at interhemispheric asymmetry in TMS results amongst those patients 

with injuries involving both sides of the body. There is a further “unilateral” and 

“bilateral” burns analysis that only includes patients whose burns are limited to the 

upper limbs. 
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We also compare patients who have burns involving the upper limbs only with those 

who have burns involving multiple parts of the body. As we are only measuring the 

response to TMS in the area of the upper limb, it is useful to assess whether injuries 

involving parts of the body aside from the upper limb can have an effect on the TMS 

results for the FDI muscle. 

Patients have been divided into full thickness and partial thickness burns. The depth of 

the burn will dictate important factors such as pain, healing, treatment required and 

functional outcome. Full thickness burns destroy nerve endings and are thus painless 

injuries, whereas partial thickness burns are usually very painful as they expose 

superficial nerves. Pain itself has been shown to be a modulator of cortical plasticity 

(see 1.2.5.1 and 1.3.3). 

Another comparison is of those with burns involving >10% TBSA and <10% TBSA. 

It is known that a burn can result in a systemic response, particularly when the burn is 

>30% TBSA (Hettiaratchy and Dziewulski, 2004). These burns are classified as 

“major” burns; however, any injury over more than 10% TBSA should be treated 

similarly. This includes specific fluid resuscitation and referral to a specialist burns unit 

(Hettiaratchy and Papini, 2004, ANZBA, 2014). 

At 18 months post injury it is widely recognised that a scar is “mature” (Papini, 2004). 

Thus this was chosen as a time point to compare those in the “acute” phase post injury 

and those who would be deemed to have reached scar maturation (These groups have 

been labelled >2 years or <2 years post burn; however, all patients in the >2 years group 

are >18 months post injury and all in the <2years group are <18 months post injury). 

We compared those who received surgery and those who did not. As has been 

mentioned (see chapter 1.2.7), the depth of the burn injury, the excision of damaged 

tissue and the technique of repair will all influence the recovery of the peripheral 

nervous system (Atiyeh et al., 2005). This will therefore be an important factor in 

determining recovery of sensory function and therefore the amount and quality of 

afferent feedback that is provided to the cortex. 
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Sensory function itself was also used as a group comparison for this same reason; that it 

is an indicator of the afferent feedback that is being provided to the cortex, in addition 

to the quality of healing and recovery of function. Along the same lines, we compared 

patients who had reported a functional disability on their QuickDASH questionnaire, or 

scored less than 147 on the BSHS-B (Kvannli et al., 2011), in order to identify whether 

cortical changes seen on TMS measurements related to functional outcome. 

We also compared patients who had sustained a burn to their dominant hand with those 

who were burned on their non-dominant hand. It has been shown that cortical neural 

organisation is not symmetrical, and that the asymmetry is related to hand dominance 

(Hammond, 2002). This has to do with organisation at the level of the cortex, in 

addition to the effects of use dependent plasticity. That is, repetitive use can influence 

the strength of cortical connections. It is to be expected that the dominant hand might 

experience more regular and repetitive use, thus this is a potential cause of the 

asymmetry of representation and organisation that is seen in the cortex. Thus, it is 

important to consider this as a possible confounding factor and compare these two 

groups. 

Finally, male and female patients, and uninjured subjects, were compared to rule out 

gender as a confounding factor in analysis. 

2.6.2 Group comparison- statistical analysis 

The 13 burn patients vary with respect to many factors regarding their injuries. These 

are outlined in Table 2.6. 

Simple t-test analysis of variance was performed to compare different injury 

characteristics. The following TMS measures were examined: 

! Optimal site 

! X coordinate 

! Y coordinate 

! COG 

! X coordinate 
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! Y coordinate 

! Maximum MEP 

! Threshold 

! Silent period duration 

! Latency 

The Shapiro-Wilk test for normality was used whenever assumptions of normality were 

being assessed. If the p-value was greater than 0.05 then the data was assumed to be 

normal. 

Each patient underwent testing on both left and right arms. Each patient was nominated 

a “burn” arm and a “less injured or uninjured arm” for the purposes of analysis. In the 

case of unilateral burns patients, the burned side was used as the “burn” arm, and the 

uninjured side was labelled “less/uninjured.” In the case of bilateral burns patients, the 

arm that had sustained the worst burn was labelled “burn” and the less injured side was 

labelled “less/uninjured.” If there was not an obvious difference in the severity of injury 

in bilateral burns patients, then the labelling was allocated according to the patient’s 

subjective reporting of the worse injury side. As has been mentioned above, 

comparisons amongst patient groups included comparing those with bilateral burns with 

those with unilateral burns. For each injury characteristic, t-tests were performed with 

respect to each TMS measure to examine: 

! Compare less injured or uninjured (“less/uninjured”) arm with burn arm for each 

characteristic group i.e. compare less/uninjured arm with burn arm for all full 

thickness burns, and repeat for all partial thickness burns. This will be annotated as 

“Less/uninjured arm vs burn arm; patient group” 

! Compare burn arms between groups e.g. compare full thickness group burn arm 

value with partial thickness group burn arm value. This will be annotated as “Burn 

arm patient group a vs burn arm patient group b”. 

! Compare interhemispheric differences between groups (e.g. less/uninjured arm 

value-burn arm value for full thickness burns vs less/uninjured arm value-burn arm 
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value for partial thickness burn). This will be annotated as “Compare 

interhemispheric differences”. 

These measures were also repeated to compare with the uninjured “normal” population. 

Burn arm for the patient group was compared with all arms (right and left) in the normal 

population group. 

TMS Map Area data did not follow a normal distribution curve. Mann-Whitney U tests 

were performed for comparison of TMS map area data. 

2.7 TMS protocol 

The second aim of this study was to establish a TMS protocol for the use in burns 

patients. We used the TMS testing protocol as published by Wilson et al. (Wilson et al., 

1993b), which was established in an uninjured population. 

Initially, we conducted testing on uninjured subjects (not included in this study) to 

confirm the protocol. 

We then tested the first pilot patient, Patient 1, a burns patient. This patient also 

underwent comprehensive sensory, motor, and functional examination. 

This included the sensory testing, as well as completing the BSHS and QuickDASH 

questionnaires. This patient also underwent three dimensional movement analysis. 

These additional tests were included in order that the data collected would sufficiently 

reflect the complexity of the patient cohort. 

We subsequently tested an additional pilot patient, Patient 2, who underwent the TMS 

protocol, and filled out the QuickDASH questionnaire. 

After completion of the two pilot patients, the testing protocol was confirmed. 

Adjustments were made as to which testing procedures were retained as part of the 

comprehensive testing protocol. 

It was decided to keep the sensory testing in the protocol. Sensory testing gives an 

insight as to the state of afferent fibres, which affects organisation at the cortical level. 
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The functional quality of life and disability questionnaires, BSHS and QuickDASH 

were also retained as they provide insight as to the patients’ perceptions of their own 

functional outcome. 

Three dimensional movement analysis was not included in further testing due to time 

and resource availability constraints. 

Six further burns patients underwent testing using this full protocol. It was found that 

patient recruitment was difficult, due in part to the length of the testing procedure. Thus, 

the final five patients did not undergo the sensory testing. The TMS protocol for these 

patients remained unchanged, and they continued to complete the questionnaires. 

During recruitment and testing of the burns patients, the uninjured subjects were also 

recruited. These subjects were all uninjured, and did not have any disruption to their 

peripheral nervous system, thus they only underwent TMS testing. This was conducted 

concurrently during the period of testing of the burns patients. 

2.8 Ethics 

This study was carried out in accordance with the regulations outlined in the national 

statement on ethical conduct in research involving humans issued by the NHMRC and 

was approved by the RPH ethics committee. Written informed consent was obtained 

from all participants prior to commencement. Approval code EC 2008/094 (Se 

Supplementary Appendix 2). 
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3 Results 

3.1 Chapter summary 

Thirteen burns patients were recruited to undergo TMS testing. These patients were 

similar in that they had all suffered an upper limb burn injury. They differed, however, 

in the age of that injury, its severity, and the outcome. The nature of injury, treatment 

provided, and results of testing are outlined in detail for each burns patient tested, in 

Supplementary Appendix 3. In the case of some patients, this includes the results of 

sensory testing as well as functional quality of life and disability questionnaires. 

In addition, 12 uninjured subjects also underwent TMS testing. The individual results 

for each uninjured subject tested are presented after the burns patients in Supplementary 

Appendix 3. 

The methods used to carry out this testing are outlined in chapter 2. 

Following the testing of the case series patients, descriptive statistical analysis was 

carried out. This analysis involved comparing burns patients to each other as well as to 

the uninjured subjects tested. Given the complex nature of the burn injuries, further 

analysis was conducted comparing groups of patients who had similar and differing 

burn characteristics. For example, patients who had sustained full thickness burns were 

compared to patients who had sustained partial thickness burns. These groups were each 

also compared to the uninjured subject group. These groups are outlined in section 

3.9.2. The results analysis is described in more detail in section 3.6. 

This chapter is divided into three parts, addressing the aims of the study as listed below: 

This study revolves around three main aims: 

To establish whether there is a persistent cortical response to a burn injury. 

To create a standard protocol for the use of TMS to investigate burns patients. 

To investigate what effect, if any, that exercise may have on neuroplasticity. 
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The first part will present the results the first patient tested, Patient 1. This will provide 

an example of the TMS map images, as well as various measurements, that result from 

the testing protocol. Comprehensive details of all results for the remainder of the case 

series, including the uninjured subjects, can be found in Supplementary Appendix 3. A 

summary of the testing results for each individual uninjured subject and burns patient 

tested are included in Appendices C, D and E. 

The second part will present the significant results when burn characteristics group 

comparisons are made. The non-significant results are included in the Supplementary 

Appendix 4. The average of the TMS measurements for each patient group tested are 

included in Appendix F. The raw data for the significant findings as presented in section 

3.3 below are included in Appendix G. 

The third part of the results will address the result of aim 2, which was to establish a 

standard protocol for the use of TMS in burns patients. 

The results for the study addressing aim 3, the exercise and TMS study, are presented in 

chapter 4 as part of the published article.  

Table 3.1 outlines a summary of the average TMS results for the burns population and 

the uninjured population.
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Category Arm tested 

Optimal 
site x 
(cm) 

Optimal 
site y 
(cm) 

COG x 
(cm) 

COG 
y (cm) 

Map 
area 
(cm2) MEP Threshold 

Silent Period 
duration (ms) Latency 

Uninjured Left 6.02 1.2 6.02 1.19 29.29 7.58 49.67 147.55 22.16 

  Right 5.78 0.8 5.79 0.56 30.91 6.94 49.75 150.20 22.17 

  
Interhemispheric 
differences 0.24 0.4 0.22 0.63 -1.61 0.64 -0.08 -2.65 -0.01 

Burn 
patients 

Less/uninjured 
arm 5.52 0.97 5.61 0.93 24.91 6.40 54.92 132.60 22.60 

  Burn arm 5.22 0.88 5.29 0.76 21.67 6.07 55.15 133.22 21.76 

  
Interhemispheric 
differences 0.31 0.08 0.32 0.17 3.25 0.32 -0.23 -0.62 0.84 

Table 3.1 Summary of the average TMS results for the uninjured and burns patients.  
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3.2 Patient 1 

Patient 1 is a 20 year old male who suffered severe burn injuries at age 12, when a 

petrol can was thrown into a fire, causing an explosion. The patient rolled on the ground 

to extinguish the flames, before his mother put him in the shower under cold running 

water. 

He had sustained 40% total body surface area full thickness burns to his left arm, 

shoulder, face, back and torso and left leg. The incident occurred in far northern WA, 

where the patient received emergency treatment before being transferred to PMH Burns 

Unit for further management. 

The initial admission involved multiple surgical procedures to achieve wound closure. 

On discharge he required prolonged scar management with six further procedures to 

achieve full range of movement. 

This was a severe life threatening burn injury including 40% TBSA but of note his 

non-dominant upper limb was spared. 

The testing protocol in this patient was conducted 8 years post injury. 

3.2.1 TMS 

 
Measurement Estimated 

map centre X 

Estimated 

map centre Y 

Threshold  

(% maximum  

stimulator intensity) 

Stimulus 

Intensity 

Less/uninjured side 

(right FDI) 

 

-6 0 55 66 

Burn arm  

(left FDI) 

 

6 4 60 72 

Table 3.2 Settings used to determine test conditions 

Estimated map centre is given in cm from the vertex in either the x or y plane when looking 
down from above. Stimulus intensity and threshold are given as a percentage of maximum 
stimulus intensity. 



– 76 – 

The testing settings for the TMS protocol for Patient 1 are shown in Table 3.2. The 

estimated map centre is the position on the scalp used to determine threshold to 

stimulation. This was the site estimated as closest to the centre of the cortical 

representation of the FDI muscle. Coordinates x and y indicate distance from the vertex, 

measured in centimetres. Negative X value indicates left hemisphere; negative Y value 

indicates direction towards the occiput. The threshold is the stimulator intensity, at the 

estimated map centre, required to produce a discernable MEP in response to 3 of 4 

stimuli. The stimulus intensity used for the mapping protocol was set at 120% of the 

threshold (rounded to the nearest integer for machine settings). 

Measurement Optimal 

site X 

Optimal 

site Y 

COG X COG Y TMS Map 

 Area 

Average 

MEP (mV) 

Latency 

(ms) 

Silent 

period 

(ms) 

Less/uninjured 

side (right FDI) -6.49 0.37 -6.5 0.45 21.06 

 

9.44 25.6 158.83 

Burn arm  

(left FDI) 5.93 2.88 5.82 2.79 21.29 5.18 21.95 225.45 

Table 3.3 TMS mapping results for Patient 1 

The TMS mapping measurement results are shown in Table 3.3. The optimal site and 

COG are x and y coordinates are the product of two different calculations of the centre 

of the cortical representation of the FDI muscle. The optimal site is calculated by taking 

the average MEP amplitude at each scalp site and fitting it to a sphere based on the 

patient’s scalp measurements, and using the maximum map value as the centre of the 

map. The COG is calculated by taking the average MEPs at each scalp site and 

calculating the estimated centre without using curve fitting (see chapter 2.2). The 

average MEP value is the average of the peak to peak amplitudes of the MEPs produced 

from the target muscle at the estimated map centre (the site used to determine threshold, 

as described above). The latency and silent period are measured at the estimated, and 

averaged across all responses at that site. Map centre, and COG are closer to the 

midline, and more anterior in the burn arm compared with the less/uninjured side. The 

average MEP produced at the optimal site is greater in the unaffected side. Latency is 

shorter and silent period is longer for the response in the burn arm. 
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Figure 3.1 The topographic map produced by cortical cartography program from TMS 
responses for Patient 1. The view is from above the vertex (the centre of the figure), with solid 
circular lines of increasing latitude and dashed lines of longitude from the vertex. The nasion is at 
the top of the figure and the left hemisphere on the left. The optimal site of activation of the map of 
both the left FDI (represented in the right hemisphere) and right FDI muscles are marked with a 
cross.  

The topographic map demonstrating the cortical area of representation for the left and 

right FDI muscles for Patient 1 is shown in Figure 3.1. The centre of the figure 

represents the vertex, with solid circular lines of increasing latitude and dashed lines of 

longitude from the vertex. The right hand side of the image represents the right 

hemisphere, and therefore the responses achieved from the left FDI muscle. The left 

hand side of the image represents the left hemisphere, and therefore the responses from 

the right FDI muscle. A cross marks the optimal site of activation of the FDI muscle. 

The colour of the map indicates the amplitude of the response (average MEP amplitude) 

measured at that site. The brighter colour indicates a larger response. Note the darker 

colour on the map of the burn side, the left FDI, indicating smaller amplitude of 
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responses on this side compared with the uninjured right side. The centre of the left FDI 

map is also more anterior than the centre of the right FDI map. 

3.2.2 Sensory testing 

 
Measurement Light touch threshold  

(log force) 

Sharp Score  

(correct/5) 

Two point  

discrimination (mm) 

Trial number Avg Total  

Less/uninjured side (right ventral forearm) 3.298 5 25 

Burn arm (left ventral forearm) 6.65 0 50 

Table 3.4 Sensory testing results 

Light touch threshold (testing using the abbreviated set of Semmes Weinstein filaments) score 
of 2.83 is normal; 3.61 demonstrates diminished light touch sensation; 4.31 indicates diminished 
protective sensation; 4.56 or greater is deemed loss of protective sensation. 

Table 3.4 demonstrates the five trial responses and average result for both light touch 

threshold and sharp scores. Note the complete loss of protective sensation in the burn 

arm, and no sharp touch discrimination. Two point discrimination is markedly greater in 

the burn arm. 

3.2.3 Quality of life questionnaires 

3.2.3.1 QuickDASH 

QuickDASH responses for Patient 1 

! Disability/Symptom score=0 

! Work module score=0 

! Patient is a university student 

! Sport/performing arts module score=0 

! Patient plays cricket 

Thus, the patient perceived no residual or persisting disability relating to upper 

limb function. 

3.2.3.2 BSHS-B 

BSHS Brief version responses for Patient 1 
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! Score 147/160 

! Low score given on body image questions. 

 

Figure 3.2 BSHS B responses compared with full marks for each section of the questionnaire 

Figure 3.2 shows the patient’s responses to the BSHS-B compared to full marks 

(labelled “normal”). The results show that Patient 1 responded most negatively to the 

questions asking about treatment regimens and body image. For the full questionnaire 

see Appendix B. 

3.2.4 Three dimensional movement analysis 

3.2.4.1 Range of motion 

Clinical range of motion assessments revealed that the patient has normal range of 

motion in his shoulder. 

3.2.4.2 Movement analysis 

In order to gain a more detailed analysis of the patient’s motion and functional ability, 

he underwent 3D motion analysis testing. This allows investigators to track very 

discrete changes in movement patterns following burn injury compared to a normative 

database. Movement was analysed during five different tasks. The tasks were adapted 
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from the DASH questionnaire, the Melbourne Assessment of Unilateral Upper Limb 

Function and previous upper limb studies. The five upper limb tasks performed were: 

! Everyday Task: Drinking from a cup of water. 

! Pointing to the Side: Target was positioned at shoulder height and arms length to assess 

range of motion. 

! Pointing to the Front: Target was positioned at shoulder height and arms length to assess 

range of motion. 

! Proprioception: Static arm matching task designed to determine whether the spatial 

awareness of the limb and joint is affected by the burn. 

  Norms Patient 1 

Thorax Flexion/Extension(Degrees) Mean 1.3 0.7 

Thorax lateral flexion (Degrees) Mean 0.7 1.9* 

Thorax Rotation (Degrees) Mean 1.2 1.0 

Shoulder Flexion/Extension (Degrees) Mean 8.1 3.8 

Shoulder Adduction/abduction (Degrees) Mean 6.5 3.5 

Shoulder Internal/External Rotation 

(Degrees) 

Mean 11.7 16.8* 

Elbow Flexion/Extension (Degrees) Mean 5.6 3.2 

Elbow Internal/External Rotation (Degrees) Mean 11.0 7.4 

Wrist Flexion/Extension (Degrees) Mean 8.7 16.0* 

Wrist Adduction/abduction (Degrees) Mean 6.5 5.5 

Table 3.5 Proprioception task 

The proprioception task requires the subject to match their upper limb to the position of 

the less/uninjured limb, placed by the investigator. Table 3.5 above shows the average 

distance from the placed to the matched position for normal data as well as Patient 1. 

The patient’s internal and external rotation of the shoulder is significantly different to 

that of a normal population, as well as flexion/extension of the wrist. 

! Repetitive Task: Repeatedly lifting a weighted object from a table to a shelf at head 

height. This was designed to cause fatigue and show the rate of decline in the 

quality of movement. 

Analysis of the patient’s movement across all five tasks revealed movement kinematics 

varied most from the comparative database at the shoulder. In the two tasks requiring 
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forward reaching, the front point and lifting tasks, thorax rotation was increased perhaps 

to minimise the extent of forward stretch and limit shoulder adduction. A decrease in 

shoulder internal rotation was also demonstrated in the drinking, front point and 

particularly the lifting task. The shoulder internal/external rotation error from the tester 

determined position to the patient’s matched position in the proprioception task was 

also almost 17º. 

3.2.5 Summary of pilot patient 

Patient 1 is a 20 year old male who sustained a unilateral dominant upper limb full 

thickness burn injury involving 40% TBSA 8 years ago. 

His functional testing results reveal a residual sensory deficit in his burn arm consistent 

with complete loss of protective sensation. 

Movement analysis testing shows some altered movement patterns at the shoulder. 

The patient’s self administered quality of life and disability questionnaire results 

suggest he is not concerned by abnormal function. The only questions for which the 

patient scored low marks were those relating to his perceptions and attitudes to his own 

body image. 

His TMS mapping results demonstrate an asymmetry in the position of the optimal site 

of activation for the FDI muscle on the left (burn) side compared with the right. The 

burn arm optimal site position is more medial and anterior compared with the uninjured 

arm. There was also a minimal difference in the size of the cortical area that produced a 

response in the target muscles on both sides. 

The average response MEP achieved from the estimated map centre for the FDI muscle 

on the burn side is less than that on the unburned side. 

In addition, the patient also has a longer silent period in the burn arm compared with the 

uninjured arm, as well as a shorter latency time in his burn arm compared with the 

less/uninjured burned arm. 
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3.3 Group comparison 

The 13 burn patients vary with respect to many factors regarding their injuries. 
Outlined below are significant results found when examining patient groups. Only those 

comparisons that demonstrate significant results, or relevant non-significant results are 

listed. Significant differences are seen not only when comparing the burn injured group 

to the uninjured group, but also when comparing patients with different burn 

characteristics. These results highlight the complexity of the response to a burn in a 

population with varied injury characteristics such as age of injury, depth of injury, total 

body surface area and location of injury. 

3.3.1 Tests of normality 

Shapiro-Wilk normality tests conducted for the patient’s burn arm, their unharmed arm 

and the uninjured subjects for all variables (optimal site and COG x-values, y-values, 

average MEP values, TMS Thresholds, Silent periods and Latency values). None of 

these tests provided any evidence that any of the data subsets were straying from the 

assumptions of normality (that is, they all had p-values >0.05) except silent period for 

the patient’s unharmed arm. On further investigation only one patient’s reading caused 

this normality assumption violation. Without this patient’s unharmed arm silent period 

reading, the Shapiro-Wilk normality test p-value was less than 0.05. TMS map area was 

found to deviate from the assumption of normality in the uninjured subjects. Mann 

Whitney U tests were therefore used for analysis of this data. 

3.3.2 TMS map position 

This section presents the significant results found when analysing the TMS map 

position results using both the optimal site and COG calculations. 

The location of the optimal site x coordinate, and the COG x coordinate, is significantly 

more medial in the “burn” arm of burn patients compared to the uninjured population 

(p<0.05). This includes both arms in all uninjured subjects tested (see Appendix G, 

Table 7.1 and Table 7.2). Note, when the less or uninjured arm in burns patients is 

compared to the uninjured subjects tested, the result is not significant (p>0.05) (see 

Appendix G, Table 7.3). 
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This result is demonstrated graphically Figure 3.3 and Figure 3.4, which provide an 

example of the TMS produced maps for a burns patient and uninjured subject, 

respectively. When the two maps are compared, it can be seen that the map centre, 

marked by a cross, of the burn arm in the example, is in a more medial position on the x 

axis when compared both to the less/uninjured side as well as to the maps for the 

uninjured patient. There is, however, no significant difference in the degree of 

asymmetry in map position between hemispheres in the burns patients when compared 

to the uninjured subjects (p>0.05) (see Table 7.4 and Table 7.5). 
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Figure 3.3 TMS produced topographic map for Patient 6 

The image on the left represents the cortical map for the FDI in the “burn” arm (right arm) and 
the image on the right represents the less/uninjured side. Note the position of the x coordinate is 
more medial (closer to the centre) on the x axis for the map on the left compared to the right. 
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Figure 3.4 TMS map images for Patient 7 

The cortical map for the left FDI is represented by the map on the right and the right FDI by the 
map on the left. Note the map centres, marked by a cross, for each hand are in a more lateral 
position when comparing to the map example for the burn patient. 

The same or similar findings were found when this result was broken down into groups 

of patients or subjects with particular characteristics. These results are listed below: 

! The optimal site and COG x coordinate is in a significantly more medial position in 

the left hand of the male subjects compared with the female subjects (uninjured); 

p<0.05 (see Appendix G, Table 7.6 and Table 7.7). 

! The x coordinate location in the burn arm is in a significantly more medial position 

in the burn arm of patients with upper limb burns only compared with the uninjured 
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population (including both arms for all uninjured subjects tested). This is true for 

both the optimal site and COG calculations; p<0.05 (see Appendix G, Table 7.8 

and Table 7.9). 

! The optimal site and COG x coordinate is located in a significantly more medial 

position in the burn arm of patients with burns <10% TBSA compared with the 

uninjured subjects tested; p<0.05 (see Appendix G, Table 7.10 and Table 7.11). 

! The optimal site and COG x coordinate is in a significantly more medial position in 

the burn arm of patients with unilateral upper limb burn only compared to the 

uninjured subjects tested; p<0.05 (see Appendix G, Table 7.12 and Table 7.13). 

! The optimal site and COG x coordinate is located in a significantly more medial 

position in the burn arm of patients who have sustained bilateral burns (over any 

body locations), compared with the uninjured subjects tested; p<0.05 (see 

Appendix G, Table 7.14 and Table 7.15). 

! The COG x coordinate is in a significantly more medial position in the burn arm of 

patients who received surgery compared with the uninjured population tested; 

p<0.05 (see Appendix G, Table 7.16). 

! The COG x coordinate is in a significantly more medial position in the burn arm of 

patients who report a functional deficit compared with the uninjured subjects; 

p<0.05 (see Appendix G, Table 7.17). 

! There was also a significant difference between the left and right hand COG 

calculated y coordinate in left hand dominant patients; p<0.05 (see Appendix G, 

Table 7.18). 

3.3.3 TMS map area 

An example of differences in TMS map area is demonstrated graphically in Figure 3.5 

and Figure 3.6, which present the TMS maps for a burns patient and an uninjured 

subject, respectively. These figures demonstrate that the TMS map area for the burn 

arm of the burn patient (the image on the left is much smaller when compared with the 

uninjured subject. This burns patient, Patient 4, had severe burn injuries as well as 

demonstrating a sensory deficit in his burn arm. For full details and results for this 
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patient, see Supplementary Appendix 3. 

This example demonstrates the result very clearly; however, not all maps make the 

difference so obvious visually. For all map images, see Supplementary Appendix 3. 

 

 

Figure 3.5 TMS map image for Patient 4 

The image on the left represents the burn arm (right arm) and the image on the right represents 
the “control” arm. This patient had diminished light touch sensation in his right arm. Note the 
smaller map area compared with the left arm. 
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Figure 3.6 TMS maps for uninjured Patient 9 

The map of the left FDI is represented by the map on the right, and the map of the right FDI is 
represented by the map on the left. Note the difference in map area compared to the burn patient in 
Figure 3.5. 

Significant findings for TMS map area found in the group comparison analysis are 

listed below: 

! The TMS produced map is significantly smaller in the right hand in uninjured male 

subjects compared with the uninjured female subjects. This may be attributed to the 

two left hand dominant uninjured female subjects as the results for these subjects 

can be considered outliers. 

! Wilcoxon rank sum test with continuity correction 

! W=2.5, p-value=0.03 
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! The TMS produced map area is significantly smaller in the right hand of right hand 

dominant subjects compared with left hand dominant subjects. Again, this may be 

attributed to the same outlying results – those of the two left hand dominant 

uninjured female subjects. 

! Wilcoxon rank sum test with continuity correction 

! W=2, p-value=0.04 

! The results indicate that the TMS produced map area is significantly smaller in the 

burn arm compared with the less injured/uninjured arm of patients who sustained 

their injury less than 2 years ago; p<0.05 (see Appendix G, Table 7.19). 

! The TMS map area is significantly smaller in the burn arm of male burns patients 

compared with the less injured/uninjured side; p<0.05 (see Appendix G, Table 

7.20). 

! The TMS map area is smaller in the burn arm of the burns patients compared to the 

less or uninjured side; however, this result is not significant. (Burn arm area 

21.7cm2 vs less/uninjured arm area 24.9cm2; p>0.05) (see Appendix G, Table 

7.21). 

! The TMS map area is smaller in the burn arm of the burns patients compared to the 

uninjured subjects tested; however, this result is not significant (21.67cm2 vs 

30.1cm2; p=0.2) 

! Wilcoxon rank sum test with continuity correction 

! W=115, p-value=0.20 

3.3.4 MEP amplitude 

The MEP amplitude measurement is the average of the peak to peak amplitudes of the 

MEP responses elicited from the estimated map centre. The significant results for this 

measurement are outlined below: 

! The average MEP value measured at the estimated map centre in the burn arm of 

upper limb burn patients is significantly greater than in patients who have sustained 

burns involving multiple body areas; (3.54mV vs 6.21mV), p<0.05 (see Appendix 

G, Table 7.22). 
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! The average MEP recorded from the estimated map centre of the burn side is 

significantly greater in the female burn patients compared with the male burn 

patients; (4.39mV vs 6.89mV), p<0.05 (see Appendix G, Table 7.23). There are no 

significant differences to be found when comparing MEP measures between the 

uninjured subjects, including comparing left and right hand dominant patients, and 

comparing male and female results (p>0.05 for these comparisons) (see 

Supplementary Appendix 4). 

! The interhemispheric differences between the burn arm and the less/uninjured arm 

are also significantly different between the male and female burn patients. The 

interhemispheric difference (calculated by subtracting burn arm value from 

less/uninjured arm value) is greater in the male burn patients than the female burn 

patients; (0.96mV vs -1.86mV), p<0.05. This is consistent with the greater average 

MEP recorded in the burn arm of the female patients (see Appendix G, Table 7.24). 

! The average MEP at the estimated map centre site is significantly greater in the 

burn arm of patients with a unilateral upper limb burn compared with the uninjured 

population tested; (7.03mV vs 5.62mV), p<0.05 (see Appendix G, Table 7.25). 

3.3.5 Silent period 

Silent period was measured as the time from stimulus to the resumption of background 

muscle activity following the MEP as demonstrated from electromyographic recordings. 

The exact mechanism underlying the silent period is unknown. While the refractoriness 

of corticospinal neurones after discharge may play a part, this process does not account 

for the entire duration of the silent period. Thus, it is more likely that intracortical 

inhibitory mechanisms play a part in the mechanism underlying the silent period 

(Wolters et al., 2011). 

The significant results for this measurement are described below: 

! There is a significant difference in interhemispheric differences in silent period 

between left and right hand dominant uninjured subjects; (-15.9ms vs 36.9ms), 

p<0.05. This is calculated by subtracting the right hand silent period from the left 

hand silent period. In left hand dominant subjects, this number is negative; in right 
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hand dominant subjects this number is positive. This indicates that the silent period 

duration is longer in the dominant hand (see Appendix G,  

Table 7.26). 

! When comparing the interhemispheric differences between patients with full 

thickness burns compared with partial thickness burns, the result is significantly 

different; (-34.2ms vs 14.3ms), p<0.05. This is calculated by subtracting the burn 

arm silent period duration from the less/uninjured side silent period duration. The 

result demonstrates that for patients with full thickness burns, the silent period is 

longer in the burn arm compared with the less or uninjured side, whereas in partial 

thickness burns the silent period is shorter in the burn arm (see Appendix G, Table 

7.27). 

! The silent period is significantly shorter in the burn arm of patients with partial 

thickness burns compared with the uninjured subjects; (119ms vs 149ms), p<0.05 

(see Appendix G, Table 7.28). 

! The results comparing interhemispheric differences in silent period duration are 

significant when comparing patients with multiple burn locations with those with 

upper limb burns only; (-17.3ms vs 18.9ms), p<0.05. The interhemispheric 

difference is calculated by subtracting the burn arm silent period from the 

less/uninjured side silent period. The result indicates that the silent period duration 

in patients with multiple burn locations is longer in the burn arm compared with the 

less/uninjured side, as opposed to those with upper limb burn only, in whom the 

silent period is longer in the less/uninjured side compared with the burn arm (see 

Appendix G, Table 7.29). 

! The silent period duration in the burn arm of patients who have upper limb burns 

only is significantly shorter when compared to the uninjured subjects; (120ms vs 

149ms), p<0.05 (see Appendix G, Table 7.30). 

! When comparing the interhemispheric difference in silent period between patients 

with burns of >10% TBSA compared with <10% TBSA, the results are significant; 

(-21.4ms vs 17.2ms), p<0.05. This result indicates that the silent period duration in 

patients with >10% TBSA is greater in the burn arm compared with the 
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less/uninjured side, as opposed to those with <10% TBSA, in whom the silent 

period duration is longer in the less/uninjured side compared with the burn arm (see 

Appendix G, Table 7.31). 

! When comparing the silent period in the burn arm of patients with <10% TBSA it 

can be seen that this is significantly shorter than the silent period duration in the 

uninjured subjects tested; (120ms vs 149ms), p<0.05 (see Appendix G, Table 7.32). 

! The results show that the silent period duration is significantly longer in the burn 

arm of patients who sustained burns longer than 2 years ago, compared with those 

who sustained their burn less than 2 years ago; (153ms vs 110ms), p<0.05 (see 

Appendix G, Table 7.33). 

! When comparing the interhemispheric difference in silent period between patients 

with burns sustained >2 years ago compared with <2 years ago (less/uninjured side 

silent period – burn arm silent period), it can be seen that there is a negative results 

in the patients with burns sustained >2 years ago, and a positive results in patients 

with burns sustained <2 years ago. This result is significant; (-22.1ms vs 24.4ms), 

p<0.05. The result indicates that the silent period duration in patients with injury >2 

years old is longer in the burn arm compared with the less/uninjured side, as 

opposed to those with injury sustained <2 years ago, in whom the silent period 

duration is shorter in the burn arm compared with the less/uninjured side (see 

Appendix G, Table 7.34). 

! The silent period duration is significantly shorter in the burn arm of patients who 

sustained their burn less than 2 years ago compared with the uninjured subjects 

tested; (110ms vs 149ms), p<0.05 (see Appendix G, Table 7.35). 

! When comparing silent period duration in the burn arm in patients who were 

burned on their dominant upper limb compared with those burned on their 

non-dominant limb, the result indicates that there is a significantly longer silent 

period duration in those patients burned on their dominant arm compared with 

those burned on their non-dominant arm; (146ms vs 105ms), p<0.05 (see Appendix 

G, Table 7.36). 
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! Results show that the silent period in the burn arm of the patients who did not 

receive surgery is significantly shorter compared with the uninjured subjects tested; 

(115ms vs 149ms), p<0.05 (see Appendix G, Table 7.37). There is no significant 

difference when comparing the silent period in patients who did receive surgery 

with the uninjured subjects; p>0.05 (see Appendix G, Table 7.38). 

3.3.6 Threshold 

The threshold to stimulation was measured in all patients and subjects tested at the 

estimated map centre. The subject maintained a tonic contraction of the target muscle of 

10% +/-3% of maximum voluntary contraction. The threshold was defined as the lowest 

stimulator intensity required to evoke an MEP response in three of four trials at a given 

stimulator position. The results for the threshold measurements (in percentage of 

stimulatory intensity) are outlined below: 

! The interhemispheric differences in threshold are significantly different between 

uninjured right hand and left hand dominant subjects; (1.11 vs -3.67), p<0.05. The 

difference is calculated by subtracting the right hand threshold to stimulation from 

that of the left hand. The difference is positive in right hand dominant subjects, and 

negative in left hand dominant subjects. This supports the notion that the threshold 

to stimulation is less in the dominant hand (see Appendix G, Table 7.39). 

! The interhemispheric difference in threshold values is significantly different in 

patients with multiple burn locations, compared with those with upper limb burns 

only; (-8.14 vs 9), p<0.05. The results indicate that the threshold to stimulation in 

patients with multiple burn locations is greater in the burn arm compared with the 

less/uninjured side, as opposed to those with upper limb burn only, in whom the 

threshold is higher in the less/uninjured side compared with the burn arm (see 

Appendix G, Table 7.40). 

! The threshold of stimulation intensity is significantly higher in the burn arm of 

those patients with an injury >10% TBSA compared with the burn arm of patients 

with a burn <10% TBSA; (65.5 vs 46.3% stimulator intensity), p=0.05 (see 

Appendix G, Table 7.41). 
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! The interhemispheric difference in threshold values is significantly different when 

comparing patients with burns >10% TBSA with those with burns <10% TBSA. 

The value is calculated by subtracting the burn arm threshold from the 

less/uninjured side threshold. The value is negative for those with burns of >10% 

TBSA and positive for those with burns <10% TBSA. The difference in these 

results is significant; (-8.67 vs 7), p<0.05. The result indicates that the threshold 

stimulus intensity in patients with >10% TBSA is greater in the burn arm compared 

with the less/uninjured side, as opposed to those with burns <10% TBSA, in whom 

the threshold value is greater in the less/uninjured side compared with the burn arm 

(see Appendix G, Table 7.42). 

! When comparing the absolute value of the interhemispheric differences in threshold 

to stimulation between the burn arm and less/uninjured side in the burns patients 

with the difference between left and right hand in the uninjured subjects tested the 

result is significant; (8.53 vs 3.75), p<0.05. There is a larger interhemispheric 

difference in threshold intensity in the burns patients; attributable to smaller 

threshold to stimulation in burn arm compared with the uninjured side (see 

Appendix G). 

3.3.7 Latency 

The latency is the time taken from the TMS stimulus to effect a MEP in the target 

muscle. It encompasses corticospinal and peripheral conduction time. The 

measurements for latency in this study were measured from the MEP results at the 

estimated map centre. The significant results are outlined below: 

! The latency duration is significantly longer in both the left arm and right arm of the 

uninjured males tested compared with those of the uninjured female subjects; 

(23.0ms vs 20.4ms), p<0.05; (23.2ms vs 20.1ms), p<0.05 respectively (see 

Appendix G, Table 7.44 and Table 7.45). 

! The latency duration in the left hand of left hand dominant patients is significantly 

shorter than that of right hand dominant patients; (22.6ms vs 21.0ms), p<0.05. 

However, the latency duration in the right hand is not significantly different in left 



– 95 – 

compared with right hand dominant patients; (22.5ms vs 21.3ms), p>0.05 (see 

Appendix G, Table 7.46 and Table 7.47). 

! The latency duration is significantly longer in the burn arm of the male burn 

patients compared with the burn arm of the female burn patients; (22.1ms vs 

20.0ms), p<0.05 (see Appendix G, Table 7.48). 

! When comparing the interhemispheric differences in latency duration between the 

burn arm and less/uninjured side in the patients with unilateral upper limb burns 

with those with bilateral upper limb burns the result is significant; (-0.09ms vs 

2.32ms), p<0.05. The results shows that in patients with unilateral upper limb burn, 

the latency is almost of the same duration in both arms, whereas in those with 

bilateral burns, the latency duration is longer in the less injured arm (see Appendix 

G, Table 7.49). 

! When comparing the interhemispheric differences in latency duration 

(less/uninjured side duration – burn arm duration) between patients who have been 

shown to have a sensory deficit compared with those who do not the results are 

significant; (1.83ms vs 1.18ms), p<0.05. The result indicates that patients with a 

sensory deficit have longer latency duration in the less/uninjured side compared 

with the burn arm, as opposed to those without a sensory deficit, in whom the 

opposite is true (see Appendix G, Table 7.51). 

! There are no other significant differences found when examining any of the other 

TMS measurements and comparing patients with a sensory deficit to those who do 

not have a sensory deficit and the uninjured subjects (p>0.05) (see Supplementary 

Appendix 4). 

3.4 Summary of results 

In summary, the results have demonstrated numerous significant results when assessing 

aim 1, whether there is a persistent cortical change to a burn injury. 

The most convincing of these is the finding that the optimal site and COG x coordinate 

position in the burn arm of the burns patients is in a significantly more medial position 

when compared to the uninjured subjects tested (p=0.025). 
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A reorganisation of intracortical inhibitory and excitatory inputs also occurs in response 

to a burn, related to the burn characteristics. These are best highlighted in sections 3.3.5 

and 3.3.6, describing silent period and threshold results. 

! Patients who have sustained a partial thickness burn have a lower threshold to 

stimulation and a shorter silent period in their burn arm compared to their less 

injured arm. 

! Conversely, those who have sustained a full thickness burn have a higher threshold 

to stimulation and a longer silent period in their burn arm compared to their less 

injured arm. 

! This difference is highlighted when the interhemispheric differences between these 

two groups (calculated by subtracting the burn arm value from the less/uninjured 

arm value) are compared. 

! A similar pattern of findings is seen when comparing patients who sustained burns 

involving greater than 10% TBSA with those who sustained burns <10% TBSA, 

highlighting the effect of different burn characteristics on cortical findings. 

! A significantly shorter silent period duration is seen in the burn arm of patients with 

burns sustained less than 2 years ago compared to those sustained greater than 2 

years ago (p<0.05), and the uninjured subjects (p=0.01). 

! There was no significant difference in silent period duration in the burn arm of 

patients who sustained their burn greater than 2 years ago compared to the 

uninjured subjects. This result highlights that there may be a time course relating to 

the development of cortical changes seen following a burn injury. 

For completeness the data collected and assessment of the whole cohort is in 

Supplementary Appendix 3 on the enclosed disc. 
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4 Exercise study 

It has been shown that exercise can enhance neuroplasticity (see chapter 1.6). The Burns 

Service of WA has integrated exercise into its early burn care. 

In order to understand the mechanisms by which early exercise therapy may enhance 

neuroplasticity and healing in the burns population, it is important to first establish the 

effects of acute exercise on cortical plasticity in the uninjured population. In this way, 

we can ensure that the early exercise intervention is promoting healing and recovery of 

function starting from the level of the cortex, rather than hindering it. In order to 

investigate these mechanisms a study using TMS was conducted, exploring the effects 

of an acute bout of exercise on cortical excitability and inhibition. The study revealed 

no enhancement of cortical excitability following exercise; however, there was a 

significant reduction in short interval intracortical inhibition. This reduction in 

inhibition may help to create a cortical environment that would promote neuroplasticity, 

which would help to explain previous findings of enhanced neuroplasticity following 

exercise. This study was published in the journal “Experimental Brain Research” in 

2014 and is included below. 

Title The influence of a single bout of aerobic exercise on short-interval intracortical 
excitability 
Authors Ashleigh E. Smith1, 2, Mitchell R. Goldsworthy1, Tessa Garside3, Fiona M. 
Wood3 and Michael C. Ridding1 
Affiliations 
1. Robinson Institute, School of Paediatrics and Reproductive Health, The University of Adelaide, Australia 

2. Exercise for Health and Human Performance, Sansom Institute for Health Research, School of Health Sciences, 

The University of South Australia, Australia 

3. School of Surgery, University of Western Australia, Perth, Australia 

Smith AE: Involved in experimental design, data collection, interpretation and analysis 
and manuscript preparation. Had overall responsibility for all aspects of the study from 
design through to publication 
Goldsworthy MR: Involved in data collection, statistical analysis, also contributed to 
writing and editing the manuscript 
Garside T: Involved in data collection, writing manuscript and analysis 
Wood FM: Involved in formulation of the study idea and concepts and involved in 
editing the manuscript 
Ridding MC: Supervised the entire project from idea formulation through data 
collection, interpretation, writing and editing of the manuscript 
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4.1 Abstract 

Regular physical activity can have positive effects on brain function and plasticity. 

Indeed, there is some limited evidence that even a single bout of exercise may promote 

plasticity within the cortex. However, the mechanisms by which exercise acutely 

promotes plasticity are not clear. To further explore the effects of acute exercise on 

cortical function, we examined whether a single bout of exercise was associated with 

changes in cortical excitability and inhibition. Using standard techniques, cortical 

stimulus–response curves [90% RMT–150% RMT] were investigated in nine subjects 

(four females, 31.1 ± 11.7 years) and short-interval intra-cortical inhibition (SICI) 

[interstimulus interval 2 ms and 3 ms, conditioning intensities of 80% AMT and 90% 

AMT] in 13 subjects (six females, 28.4 ± 5.1 years) before and at 0 and 15 minutes 

following 30 minutes of ergometer cycling at low–moderate or moderate–high intensity. 

There were no changes in cortical excitability following exercise but less SICI at both 0 

and 15 minutes post exercise (F[2, 24]=7.7, P=0.003). These findings show that a short 

period of exercise can transiently reduce SICI. Such a change in inhibition after exercise 

may contribute to the development of a cortical environment that would be more 

optimal for plasticity and may partially explain previous findings of enhanced 

neuroplasticity following low-intensity exercise. 

Keywords Motor cortex · short-interval intracortical inhibition · GABA-A · transcranial 

magnetic stimulation · physical activity 

4.2 Introduction 

There is mounting evidence at the behavioural, systems, cellular and molecular levels 

(Cotman and Berchtold 2002; Bramham and Messaoudi 2005) that engaging in regular 

aerobic exercise may positively influence brain function in many areas. In particular, 

regular exercise has positive effects on cognitive behaviours dependent on neuroplastic 

mechanisms (Cotman and Berchtold 2002). 

In a recent study, it was observed that, compared with sedentary individuals, highly 

active individuals had an increased neuroplastic response to paired associative 

stimulation (PAS) (Cirillo et al. 2009). PAS is a non-invasive brain stimulation protocol 
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that can induce neuroplastic change within the human cortex through LTP-like 

mechanisms (Stefan et al. 2000, 2002; Hoogendam et al. 2010). These findings provide 

evidence that high levels of physical activity maintained over an extended period of 

time can increase the capacity for cortical plasticity. Such an exercise-related increase in 

neuroplastic capacity may, in part, explain why physical activity has a positive effect on 

memory and executive function (Cotman and Berchtold 2002). 

The mechanisms by which regular aerobic exercise has positive effects on brain 

structure and function are not completely understood. However, studies in animals have 

shown that physical activity and exposure to enriched environments can elevate the 

levels of neurotrophic factors such as BDNF (Vazquez-Sanroman et al. 2013). 

Additionally, exposure to such environments is also associated with a general reduction 

in GABA-mediated inhibition (Sale et al. 2007, 2009; Baroncelli et al. 2010), which in 

turn can facilitate neuroplasticity. Indeed, using non-invasive techniques, it has been 

shown that both practise-dependent and experimentally induced neuroplasticity are 

enhanced when GABA-A-mediated inhibition is reduced (Ziemann et al. 1998, 2001). 

Whether a single bout of aerobic exercise can have similar effects on BDNF and 

inhibition that may promote a cortical environment optimal for plasticity is not clear. 

However, a recent study reported that a single bout of moderate-level aerobic exercise 

promoted cortical plasticity induced by a non-invasive brain stimulation protocol 

(McDonnell et al. 2013). Therefore, this study examined the influence of a single 

aerobic exercise session on motor cortical (M1) excitability and intracortical inhibition 

using non-invasive TMS. In particular, we were interested to investigate whether 

aerobic exercise had generalised effects on brain excitability and so examined effects of 

lower limb exercise on excitability within the hand motor representation. Given the 

relationship between enriched environment training and inhibition in animals, we 

hypothesised that physical activity would be associated with a reduction in the 

GABA-A-mediated short-interval intracortical inhibition (SICI). 
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4.3 Materials and methods 

4.3.1 Participants 

Thirteen healthy participants took part in this study. All subjects provided informed 

written consent, the study was ethically approved by the University of Adelaide Human 

Research Ethics committee, and experiments were performed in accordance with the 

Declaration of Helsinki (1998). This included nine participants (four females; 31.1 ± 

11.7 years, range 22–54 years) for Experiment 1 investigating the influence of aerobic 

exercise on corticospinal excitability and 13 participants (six females; 24.8 ± 5.1 years, 

range 19–36 years) for Experiment 2 investigating the influence of aerobic exercise on 

SICI. Nine participants took part in both experiments, whereas an extra four only took 

part in Experiment 2. For each experiment, participants were required to attend two 

experimental sessions separated by at least a week. 

Current physical activity levels were determined using the self-report short form of the 

International Physical Activity Questionnaire (IPAQ) (Table 1). Participants who 

accumulated more than 3000 metabolic equivalents (METs) over the 7 days prior to 

participating in the experiments were excluded from the study as they were considered 

highly physically active. Suitability to participate safely in the exercise protocol was 

determined by the Sports Medicine Australia (SMA) pre exercise screening 

questionnaire (Norton et al. 1998; McHugh et al. 2008; Norton and Norton 2012). All 

participants had no known history of cognitive impairment, peripheral or neurological 

impairment, stroke or transient ischaemic attacks, diabetes, epilepsy, regular migraines 

or other neurodegenerative disorders according to current guidelines for the safe use of 

TMS (Rossi et al. 2009). 
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SR stimulus–response, IPAQ International Physical Activity Questionnaire, MET metabolic equivalents, RHR resting heart 

rate, THR target heart rate, RMT resting motor Threshold, AMT active motor Threshold and TS test stimulus to evoke 1 mV 

motor evoked potential 

Participants’ characteristics for each experiment †† Values not collected in a particular experiment 

Experiment 1:  curve Experiment 2: SICI 

N (Gender) 9 (4 females) 13 (6 females) 

Age (Years) 31.1 ± 11.7 24.8 ± 5.1 

Physical activity (IPAQ, MET –min/week) 1,756 ± 483 1,812 ± 240 

RHR (bpm) (low–moderate intensity) 63.5 ± 12.1 66.3 ± 9.1 

THR (bpm) (low–moderate intensity) 110.3 ± 7.4 111.8 ± 5.6 

RHR (bpm) (moderate–high intensity) 64.5 ± 12.8 67.6 ± 10.5 

THR (bpm) (moderate–high intensity) 157.0 ± 2.6 157.6 ± 2.1 

RMT (%SO) (low–moderate intensity) (pre) 43.3 ± 10.0 47.2 ± 8.0 RMT (%SO) 

(low–moderate intensity) (post) 43.1 ± 9.4 †† 

RMT (%SO) (moderate–high intensity) (pre) 41.6 ± 8.8 46.5 ± 8.6 RMT (%SO) 

(moderate–high intensity) (post) 43.6 ± 9.8 †† 

AMT (%SO) (low–moderate intensity) (pre) †† 32.5 ± 5.8 

AMT (%SO) (moderate–high intensity) (pre) †† 31.2 ± 5.7 

TS intensity (%SO) (low–moderate intensity) (pre) †† 61.0 ± 10.7 

TS intensity (%SO) (moderate–high intensity) (pre) †† 59.3 ± 11.4 

Table 4.1 Participants’ characteristics 

4.3.2 Exercise protocol 

Participants were seated in a comfortable chair and allowed to rest for 5 minutes at the 

beginning of each experimental session before their resting heart rate (RHR) was 

obtained using an F11 Polar heart rate (HR) monitor (Polar, Australia). The exercise 

intervention was undertaken on a stationary exercise bike (Watt bike, Australia). For 

both experiments, participants were allowed a 5 minute warm-up period followed by 2 

× 15 minute blocks of cycling either at 40% of their predicted HR reserve (i.e. 

low–moderate intensity; calculated as (180 − RHR) × 0.4 + RHR) or at 80% of their 

predicted HR reserve (i.e. moderate–high intensity; calculated as (180 − RHR) × 0.8 + 

RHR). Target heart rate (THR) refers to the HR of participants aimed to reach 

throughout the exercise intervention. Participants were required to maintain a HR within 

5 beats per minute of the THR throughout the cycling bout (Table 4.1). The exercise 

intensities used were well tolerated, and there were no adverse outcomes. HR was 

measured throughout the exercise period. The order in which participants underwent 

testing was pseudo-randomised between participants. During the intervention, 
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participants were instructed not to grip the handlebars of the bike, but were able to rest 

their hands on the handlebars for stability. 

4.3.3 Experimental set-up 

Participants were seated comfortably in an armchair with their legs and forearms 

supported during TMS measurements. Surface electromyographic recordings were 

obtained from the FDI muscle of the right hand using bipolar Ag–AgCl electrodes 

positioned in a belly-tendon montage. The hand muscle was selected as we were 

interested in examining whether exercise influenced brain excitability in cortical areas 

(upper limb representation) not primarily involved in the motor performance of the 

cycling training task (lower limb representation). EMG signals were sampled at 5 kHz 

with a laboratory interface (Cambridge Electronic Design 1401, Cambridge, UK) and 

were amplified with a gain of 1,000 and band-pass filtered between 20 Hz and 1,000 Hz 

(Cambridge Electrical Design 1902, Cambridge, UK) before being stored on a 

laboratory computer for offline analysis. 

4.3.4 TMS 

Single monophasic TMS pulses were applied through a figure of eight coil (outer 

diameter of the wing, 90 mm). 

Connected to a Magstim 200 magnetic stimulator (Magstim, Whitland, UK). For the 

SICI measurements, stimuli were applied with the same figure of eight coil connected to 

a Magstim Bistim 2 programmable interval paired-pulse stimulator (Magstim co., 

Dyfed, UK). The coil was held tangentially to the skull, with the handle pointing 

posteriorly and laterally at an angle of approximately 45° to the sagittal plane over the 

left M1 hand area. The optimal scalp site for evoking MEPs from the relaxed right FDI 

was located and marked with a water-soluble felt marker. RMT was defined as the 

lowest stimulator output at which at least five MEPs with minimum peak-to-peak 

amplitude of 50 µV were evoked from the relaxed FDI in 10 consecutive trials. AMT 

was determined as the minimum intensity required to evoke an MEP greater than 200 

µV in at least five of ten consecutive trials whilst subjects maintained a tonic 

contraction of their right FDI at approximately 20% of their maximum force. Visual 
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feedback was provided using an oscilloscope. The protocol used for each experiment is 

shown in Figure 4.1. 

 

Figure 4.1 Timeline of TMS measurements during experimental sessions 

RMT resting motor threshold, AMT active motor threshold, MEP motor evoked potential and 
SICI short-interval intracortical inhibition 

4.3.5 Experiment 1: stimulus–response curve protocol 

Corticospinal stimulus–response curves were constructed to investigate the influence of 

exercise on cortical excitability. Curves were constructed prior to, immediately 

following and 15 minutes following the low–moderate and moderate–high-intensity 

exercise interventions. TMS was delivered at six different stimulus intensities (seven 

stimuli per intensity): 90% RMT, 110% RMT, 120% RMT, 130% RMT, 140% RMT 

and 150% RMT. 

4.3.6 Experiment 2: short-interval intracortical inhibition (SICI) protocol 

Short-interval intracortical inhibition was measured in the left M1 prior to, immediately 

following and 15 minutes following the low–moderate and moderate–high-intensity 

exercise interventions using a similar method to that described by Kujirai et al. (1993). 

SICI was investigated using inter-stimulus intervals (ISIS) of 2 and 3 ms and was 

recorded in two blocks of 30 consecutive trials (10 trials for each ISI plus 10 trials for 

the test stimulus alone) at each time point. Two conditioning stimulus (CS) intensities 

were investigated separately in different blocks: (1) 80% AMT and (2) 90% AMT. the 
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test stimulus intensity was set to evoke MEPs with peak-to-peak amplitudes of 1 mV in 

the right FDI at rest in the absence of a CS. 

4.3.7 Data analysis and statistics 

All MEP data were recorded at high gain, and any trials contaminated with EMG 

activity were discarded. The peak-to-peak amplitude of the MEP was calculated for 

each trial. In Experiment 1, the average amplitude was then calculated for each block of 

seven MEPs at each of the stimulus intensities (90% RMT–150% RMT). The stimulus 

response MEP data were analysed using a Three-way repeated-measures analysis of 

variance (RANOVA) with time (Three levels: pre exercise, 0 minutes post exercise and 

15 minutes post exercise), Exercise (two levels: low–moderate and moderate–high) and 

stimulus intensity (six levels: 90% RMT, 110% RMT, 120% RMT, 130% RMT, 140% 

RMT and 150% RMT) as within-subject factors. 

In Experiment 2, the average peak-to-peak amplitude was calculated for each block of 

ten MEPs at each of the ISIS, for each of the CS intensities and for the test response 

alone. Then, the average MEP amplitude at each ISI and for each of the CS intensities 

was expressed as a percentage of the test response alone. Data for SICI were analysed 

using a four-way RANOVA with Exercise (two levels: low–moderate and 

moderate–high), time (three levels: baseline, 0 minutes post exercise and 15 minutes 

post exercise), CS intensity (two levels: 80% AMT and 90% AMT) and ISI (two levels: 

2 ms and 3 ms) as the within-subject factors. Post hoc analyses were performed using 

paired t tests or pairwise comparisons using Bonferroni correction. 

To determine whether the CS evoked significant SICI, MEP data were analysed using a 

one-way RANOVA with ISI (three levels: test, 2 ms and 3 ms) for both the 80% CS 

intensity and 90% CS intensity conditions. Covariate analyses of age, self-reported 

physical activity and gender were conducted for all baseline SICI measures. 

In all RANOVA, where assumptions of sphericity were violated, the critical value of F 

was adjusted by the Greenhouse–Geisser Epsilon value from the Mauchly test of 

sphericity. In all tests, a value of P ≤ 0.05 was considered to be statistically significant. 
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4.4 Results 

4.4.1 Subject characteristics 

Age, RHR and baseline RMT did not differ between the two experiments (Table 4.1). 

No participants reported any side effects to TMS or the exercise. All results are 

expressed as mean ± SD unless otherwise stated. 

4.4.2 Experiment 1: effect of aerobic exercise on stimulus–response curves 

There was no change in RMT (expressed as a percentage of maximal stimulator output) 

following exercise at both the low–moderate and moderate–high intensities 

(low–moderate t[6]=0.3, P=0.8 NS and moderate–high t[6]=−1.8, P=0.1 NS) (Table 

4.1). The group mean stimulus–response curves recorded before and at 0 and 15 

minutes following each of the exercise intensities are shown in Figure 4.2. As expected, 

MEP amplitude increased with increasing stimulus intensity (F[4, 32]=13.7, P >0.001). 

However, there were no other significant main effects for time (F[2, 12]=0.4, P=0.9 

NS) or exercise (F[1, 6]=0.4, P=0.6 NS) and no interactions between the two. 

4.4.3 Experiment 2: SICI is reduced following exercise 

At baseline, test MEPs were significantly inhibited to approximately 63% of test 

amplitude at 2 ms and 67% at 3 ms when conditioned at 80% AMT (F[2, 24]=30.4, 

P=<0.001) and 54% at 2 ms and 49% at 3 ms when conditioned at 90% AMT (F[2, 

24]=24.5, P=<0.001). There were no significant differences in the degree of baseline 

inhibition between the two ISIS (2 ms compared with 3 ms) when conditioned at 80% 

AMT or 90% AMT (P >0.05 for both). At the 3-ms ISI, there was significantly greater 

inhibition at baseline with a conditioning stimulus of 90% AMT than compared with 

80% AMT (t[12]=4.2, P=0.001). Covariate analyses revealed no influence of age, 

gender or self-reported physical activity on SICI. 

The group mean SICI recorded before and at 0 and 15 minutes following each of the 

exercise intensities is shown in Figure 4.3. RANOVA revealed a main effect of time 

(F[2, 24] = 7.7, P=0.003). Also, there was an overall effect of CS intensity (F[1, 

12]=19.2, P=0.001), with greater overall inhibition when using a CS Intensity of 90% 
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AMT compared with 80% AMT, as well as an interaction between CS Intensity and ISI 

(F[1, 12]=7.6, P=0.02). 

 

 

 

 

 

 

 

 

 

 

Figure 4.2 Stimulus-response curves recorded from the resting right FDI before and after 
exercise. 

Stimulus–response curves recoded from the resting right FDI muscle prior to and at 0 and 15 
minutes following exercise at both the low–moderate (top panel) and moderate–high (bottom 
panel) exercise intensities. MEP amplitudes increased progressively with increasing stimulus 
intensity (expressed as a percentage of RMT). These stimulus–response characteristics did not 
change following exercise at either the low–moderate or moderate–high intensities. Data are 
shown as group mean ± SEM 
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Figure 4.3 SICI recorded from the resting right FDI muscle before and after exercise. 

SICI recorded from the resting right FDI muscle prior to and at 0 and 15 minutes following 
exercise at both the low–moderate (top panel) and moderate–high (bottom panel) exercise 
intensities. SICI was significantly reduced from baseline following exercise when conditioned 
at 80% AMT. *Reduction from baseline to 15 min, 2 ms ISI; *a reduction from baseline to 0 
and 15 min, 2 ms ISI; *b reduction from baseline to 15 min, 3 ms. *P <0.05. #trend for reduction 
in inhibition from baseline (P=0.06). Data are shown as group mean ± SEM 

When the data were split by CS Intensity, a significant main effect of time was observed 

for both the 80% AMT CS intensity (F[2, 24]=6.4, P=0.006) and the 90% AMT CS 

intensity (F[2, 24]=3.9, P=0.04). 

Post hoc pairwise comparisons indicated that this was due to a reduction in SICI 

following exercise compared with baseline, although this only reached significance for 

the 80% AMT CS intensity (P=0.005), with a trend observed for the 90% AMT CS 

intensity (P=0.06). Paired t tests were then conducted between baseline and each post 

exercise time point for each ISI when conditioned at 80% AMT CS intensity. Following 

low–moderate exercise, there was a significant reduction in SICI between baseline and 

15 minutes post exercise at 2 ms (t[12]=−2.3, P=0.04). Following 

moderate–high-intensity exercise, there was a significant reduction in SICI between 

baseline and 0 minutes post exercise at 3 ms (t[12]=−2.27, P=0.05) and baseline and 15 

min post exercise at 2 ms (t[12]=−2.58, P=0.02) and 3 ms (t[12]=−2.69, P=0.02). 
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4.5 Discussion 

The present study examined whether a single session of aerobic exercise modifies 

corticospinal excitability and GABA-A-mediated SICI. Although there were no changes 

in corticospinal excitability following exercise, there was a significant reduction in 

SICI, which was sustained for 15 minutes. These results provide some support for the 

hypothesis that a single bout of aerobic exercise reduces GABA-A-mediated 

intracortical inhibition, which may potentially underpin acute (McDonnell et al. 2013) 

and chronic increases in neuroplasticity seen with exercise and physical activity, 

respectively (Cirillo et al. 2009). 

4.5.1 The influence of aerobic exercise on measures of cortical excitability 

Here, we demonstrate that corticospinal excitability, as assessed using RMT and the 

stimulus–response curves recorded in a hand muscle, was unchanged following a period 

of aerobic exercise performed with the lower limbs at either low–moderate or 

moderate–high exercise intensities. This extends the findings of one previous study, 

which showed no change in the amplitude of test MEP responses evoked in a hand 

muscle by TMS applied using a single stimulus intensity following a comparable bout 

of aerobic exercise at a similar intensity and duration (McDonnell et al. 2013). 

Similarly, a recent study reported that even when measured in the muscles directly 

involved in the exercise, a period of sustained cycling did not significantly influence 

motor cortex excitability (Sidhu et al. 2012). Such results contrast with those seen after 

fatiguing exercise where it has been reported that corticospinal excitability is reduced in 

both exercised and non-exercised muscle groups (Verin et al. 2004; Takahashi et al. 

2011). Together, these findings suggest that non-fatiguing aerobic exercise does not 

modify the excitability of the corticospinal projection to non-exercised muscles. 

4.5.2 Aerobic exercise reduces SICI 

The results of Experiment 2 show that there is a significant reduction in SICI in the 

hand representation following a single sub-maximal session of lower limb aerobic 

exercise. SICI is thought to largely reflect GABA-A-ergic synaptic inhibition within M1 

mediated via intracortical interneurons projecting onto corticospinal output neurons 
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(Kujirai et al. 1993; Dilazzaro et al. 1998; Hanajima et al. 1998). The reduction in 

GABA-A-mediated SICI was significant for at least 15 minutes following exercise and 

was CS intensity dependent, with a greater reduction in SICI observed when the CS 

intensity was set to 80% AMT compared with 90% AMT. a possible reason for the 

more consistent reduction in SICI when measured with a CS intensity of 80% AMT but 

not 90% AMT is that a CS intensity of 90% AMT results in a level of SICI that is close 

to maximal (Orth et al. 2003; Smith et al. 2009). Therefore, at this conditioning 

intensity, the level of inhibition may have been saturated, which may have helped mask 

any influence of exercise. Conversely, the 80% AMT CS intensity was associated with 

lower SICI levels (non-maximal) that might have made it easier to detect slight changes 

in inhibition. Although post hoc pairwise comparisons (of the 80% SICI data) revealed 

slight differences in the reduction in SICI post exercise (i.e. significant at 2 ms 

following low–moderate exercise, but at 2 ms and 3 ms following 

moderate–high-intensity exercise), we think it unlikely that this is due to any minor 

difference in the underlying SICI mechanisms between ISIS (Peurala et al. 2008). 

A similar study by Sidhu et al. (2013) investigated SICI during cycling in the active 

knee extensor muscles and found reductions in inhibition during the activation phase of 

cycling. Although similar, direct comparison of the two studies are, however, difficult. 

Here we investigated SICI in an intrinsic hand muscle before and following a bout of 

lower limb cycling and not during cycling in the active muscle. 

The mechanism by which exercise might modulate inhibition is not clear. However, one 

potential mechanism may involve an exercise-induced increase in the release of 

neurotrophic factors. Neurotrophins are signalling proteins that shape neuronal structure 

and function throughout life. BDNF is an endogenous neurotrophin that has an 

important role in neuronal differentiation, neuronal survival and synaptic plasticity. 

BDNF activates distinct mechanisms to regulate the induction, early maintenance and 

late maintenance phases of LTP (Bramham and Messaoudi 2005). Also, treatment with 

BDNF in cultured rat hippocampal neurons reduces GABA-A-ergic function by 

downregulating the post synaptic cell-surface expression of GABA-A receptors (Brünig 

et al. 2001). Similarly, recent evidence in humans demonstrates that serum BDNF levels 
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are significantly elevated in response to acute exercise (Ferris et al. 2007; McDonnell et 

al. 2013). Such increases in serum BDNF would likely have generalised and 

non-specific effects in the brain. Therefore, we speculate that upregulation of BDNF 

following exercise may be one mechanism contributing to the reduction in SICI seen 

following exercise. Providing definitive proof for this hypothesis is problematic given 

that it is impossible to measure brain levels of BDNF in conscious human subjects. 

Secondly, it is possible that metabolic processes such as increases in lactate or ammonia 

(Kemppainen et al. 2005) might contribute to the findings of altered cortical inhibition. 

However, we are not aware of any studies that provide evidence to support this 

possibility. 

It is known that laboratory animals reared in enriched environments display increased 

neuroplasticity and reduced GABA-A-mediated intracortical inhibition compared with 

those reared under standard housing conditions (Sale et al. 2007). Moreover, in a recent 

study undertaken in rats during the recovery phase of long term monocular deprivation 

(shown to reduce neuroplasticity and disturb the balance of inhibition/excitation in the 

visual cortex), GABA-mediated intracortical inhibition was reduced, whereas 

neuroplasticity and BDNF were increased in exercised animals compared with those 

reared under standard housing conditions (Baroncelli et al. 2012). Therefore, it is 

interesting to speculate that the reduced SICI seen in the present study following aerobic 

exercise (a key component of enriched environment exposure) and that seen following 

physical activity/enriched environment exposure in animal models may involve similar 

processes. Despite this, it should be noted that enriched environment rearing is 

characterised by chronic long term exposure, and we used only a short single exposure 

in the present study. 

Studies conducted in humans have also shown that practise-dependent and 

experimentally induced neuroplasticity is enhanced when SICI is reduced (i.e. through 

an ischaemic nerve block) (Ziemann et al. 1998, 2001). Therefore, it could be that an 

exercise-induced reduction in SICI may also facilitate an increase in neuroplasticity 

particularly in the acute stage (i.e. first 15 minutes) following aerobic exercise 

(McDonnell et al. 2013), although the current study did not investigate the role of SICI 
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reduction following exercise on neuroplasticity. Whilst there are significant differences 

in experimental design, it is interesting to note that a history of regular physical activity 

is also associated with increases in GABA-B-mediated interhemispheric inhibition 

(Davidson and Tremblay 2013; McGregor et al. 2013). This provides additional 

evidence that physical activity may exert influence over GABA-mediated inhibitory 

function. 

4.5.3 Limitations of the current study 

The current study has some limitations that should be considered. Firstly, participants 

were included in the study based on self-reported physical activity using a physical 

activity questionnaire (Cirillo et al. 2009; McGregor et al. 2011). Whilst this 

questionnaire has been shown to be repeatable, reliable and comparable to objective 

measures of physical activity using accelerometry (Craig et al. 2003), it does not 

provide an indication of physical fitness. It is therefore possible that the reduction in 

SICI associated with a single session of aerobic exercise may have been influenced by 

the fitness level of participants. Secondly, it is important to note that although the 

exercise was intended to be predominantly a lower limb exercise and participants were 

instructed not to grip the handle bars of the stationary ergometer, they were able to use 

their hands to balance and stabilise themselves Throughout the intervention. It is 

therefore theoretically possible, albeit unlikely, that minimal use of the hands for 

stabilisation during the intervention may have contributed to the findings. 

4.5.4 Conclusions 

In summary, we have found a short period of lower limb aerobic exercise can reduce the 

excitability of hand area intracortical inhibitory networks, but does not affect the 

excitability of the corticospinal projection to hand muscles. This suggests that lower 

limb aerobic exercise may have generalised effects on cortical inhibitory mechanisms. 

Given the potential therapeutic options offered by a transient reduction in inhibition, it 

would be useful to further explore the effects of acute and chronic exercise on 

neuroplasticity. 
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4.7 Summary 

It has been shown that the adult brain is able to reorganise itself throughout life. This 

reorganisation may be driven by experiences, training, repeated movements, 

environment, drugs, even TMS. This is particularly useful for rehabilitation after both 

brain injury and peripheral injury. It has been previously shown that specific training 

can help regenerate or retain pathways in the brain in order to preserve or recover 

function. In 2007, Angelov et al. conducted an investigation into the recovery of 

function after transection and resuturing of the facial nerve in rats (Angelov et al., 

2007). The study found that manual stimulation, that mimicked the normal movement 

of whiskers, promoted the recovery of functional outcome. These findings are consistent 

with the study by Beazley in 2003, which investigated recovery following optic nerve 

injury in lizards (Beazley et al., 2003). This study also found that use specific training, 

in this case visual stimulation of an eye undergoing optic nerve regeneration, enhanced 

the optic nerve regeneration. 

Through these studies it may be seen that use specific training enhances recovery of 

function following peripheral injury. What is less well documented is whether exercise 

in general may have an influence on cortical plasticity and reorganisation. This may be 

particularly useful, for example, in the case of hemiparetic stroke or catastrophic injury 

in which case the patient is left unable to exercise a particular target muscle. In a 2009 

study, a group of mice were trained for 4 weeks under two different exercise protocols: 
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treadmill running (at a moderate intensity defined by the investigators), or voluntary 

wheel running (as defined by the mice)(Liu et al., 2009). Following 4 weeks of training, 

the mice were assessed in a water maze task, and an avoidance task. The results showed 

that both exercise protocols led to an improvement in the maze task, but only the 

treadmill running group showed an improvement in the avoidance task. They also found 

increased levels of protein expression in the hippocampus in all mice, but only the 

treadmill trained mice had increased protein expression in the amygdala. This study 

supported the notion that different forms of exercise can induce neuroplasticity in 

different brain regions (Liu et al., 2009). While this study was mainly assessing 

cognitive function and memory, this finding is important as it suggests that the 

induction of neuroplasticity by exercise is not necessarily limited to the area of the brain 

that corresponds to the muscle in use. 

In WA it is standard practice to instigate an early and intensive rehabilitation program in 

burns patients. This comprises specific functional rehabilitation guided by occupational 

therapists, as well as physical rehabilitation coordinated by physiotherapists. This 

includes aerobic exercise such as cycling at a moderate intensity. It is unknown exactly 

what effect this approach has on functional outcome after burn injury. The BCORP 

study is currently underway, aiming to monitor the effect of this exercise on functional 

outcomes following a burn injury (CSQU #080429-1; UWA). This exercise study 

utilised the same aerobic exercise intervention that is used in the Burns Unit, 

investigating the effect this protocol has on neuroplasticity in normal healthy 

individuals. This study allowed us to explore the notion that cortical changes induced by 

exercise are not just limited to areas of the brain corresponding to the muscle in use. In 

fact, this study found that a short bout of lower limb aerobic exercise results in a 

reduction of intracortical inhibition in the hand area of the motor cortex. This suggests 

that lower limb aerobic exercise may have generalised effects on cortical inhibitory 

mechanisms (Smith et al., 2014). Even a transient reduction in intracortical inhibitory 

mechanisms has the potential to be used to harness and drive neuroplasticity to promote 

better functional outcomes, thus this it is worth further exploring the therapeutic effects 

of exercise on neuroplasticity. 
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5 Discussion 

This study is believed to be the first to describe a cortical response to a burn injury. It 

has also proved that the TMS protocol developed and used in this study is a safe, 

sensitive and feasible means by which to measure this cortical response to a burn. It has 

been shown that there is a demonstrable difference in the position of the cortical 

topographic map for the burn arm of upper limb burn patients when compared to the 

uninjured subjects tested in this study. In addition, the results suggest that there is a 

reorganisation of excitatory and inhibitory intracortical inputs in response to a burn, 

resulting in a very plastic neural environment. It has been shown that this response 

varies with respect to various injury characteristics including the depth of injury and 

time since injury. These results lead us to consider the effect that factors such as pain 

may have on organisation at the level of the cortex. For example, the results indicate 

that patients with partial thickness burns demonstrate increased intracortical excitation 

and reduced intracortical inhibition in their burn arm. Those with full thickness burns 

demonstrate the opposite results. Partial thickness burns will result in more pain early 

on when compared to full thickness burns (Hettiaratchy and Dziewulski, 2004), thus it 

is worth considering that factors such as pain may be affecting the cortical findings seen 

in these burn patients. The shorter silent period duration seen in patients with more 

recent burns compared to those with burns sustained longer than 2 years ago leads us to 

consider the therapeutic ramifications of the time course of cortical changes. A 

preliminary study has indicated that cortical training techniques, such as mirror box 

training and visualisation, can have a positive impact on levels of pain and recovery of 

function after an upper limb burn injury (Edgar et al., 2011). The shorter silent period 

seen in patients with more recent burns in this study suggest that that there may be a 

window of opportunity available to use cortical training therapies to harness 

neuroplasticity to drive healing. Whilst these results are drawn from a small sample size 

in a pilot study, the results demonstrate that there is a cortical response to a burn injury, 

in addition to pointing the way toward future studies that may help to further define and 

clarify the findings seen here. 
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5.1 Introduction 

The aims of this study were to investigate the cortical response to a burn injury, and to 

establish the use of TMS as a sensitive tool to measure these changes. Thirteen patients 

were recruited for this study, similar in the fact that they had all suffered from an upper 

limb burn. The patients all vary otherwise with respect to the nature of their injury; its 

severity; extent; healing; time since injury; and outcome. A burn injury is a complex 

injury that often involves multiple body systems. A patient’s response to a burn injury is 

highly individual, and dependent not only on the nature of the injury, but also treatment 

and their response to treatment, as well as psychosocial factors (Pruitt and Mason, 

2002). An ideal study would control these factors; however, recruitment limitations and 

limitations in patient numbers led to the wide inclusion criteria for this pilot study. The 

variety in injury characteristics amongst this cohort is representative of the varied nature 

of burn injuries that present to a burns unit throughout the year. 

This initial study was a descriptive study. Comprehensive information on each patient 

was gathered, including TMS data. The information was then examined in detail in the 

form of a case series, comparing patients with one another, as well as with the uninjured 

subjects who also underwent TMS testing. The results of the study will be discussed in 

the context of existing literature, discussing the results addressing aim 1, which suggest 

that there is a cortical response to a burn injury. 

Through this study, it has been demonstrated that TMS is an appropriate and useful tool 

that can be used to detect and monitor the cortical response to a burn. This has been 

shown through the results themselves. For example, the TMS mapping protocol is 

sensitive enough to have detected at 10% shift in the position of the x coordinate of the 

cortical map in the burn arm of the burns cohort when compared to the uninjured 

subjects. This result indicates a shift in the motor cortical representation of the target 

muscle studied in the burn injured arm. 

No adverse effects were reported by the patients or subjects tested, demonstrating that 

TMS is a safe tool that is sensitive enough to detect cortical differences in a small 

sample size. Through the development of the TMS protocol in this study, certain 
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feasibility factors were identified. This chapter will discuss the established protocol 

including the limitations of the methodology used, and ideas for future research 

directions. 

The first investigation involved the case of a 20 year old male who had sustained 40% 

total body surface area burns 8 years ago, and had required repeated surgical 

intervention in order to regain normal function. In spite of these numerous 

interventions, and seemingly optimum functional outcomes (as documented by 

physiotherapists and occupational therapists, as well as the subject himself when 

completing health related quality of life questionnaires), the subject still complained 

that his movement patterns did not feel normal. 

Comprehensive investigations suggested mildly abnormal movement patterns. TMS 

studies revealed a noticeable difference in the structure of this patient’s motor cortical 

map (FDI muscle) compared with an age matched uninjured subject. It was 

hypothesised that TMS mapping was able to reveal what exhaustive functional analyses 

could not. Perhaps a motor cortex arrangement that differed from the “norm” could 

explain the subject’s subjective experience of abnormal movement patterns. 

This was, of course, a case study. It is difficult to draw any strong conclusions; 

however, the study gave rise to many questions. Although the subject complained of the 

sensation of abnormal movement, his functional ability had repeatedly proven to be 

within normal limits for his age and gender. Perhaps the differences seen in his cortical 

map were changes brought about to facilitate the regaining of normal function. 

The preliminary results of this case study indicate that there may be long standing 

cortical changes that are associated with a burn injury. The TMS protocol had also 

proven itself to be sensitive enough to detect these changes. 

The case series directly followed on from the case study. It involved mapping the 

cortical representation of the FDI muscle in the left and right hands of patients with 

unilateral burn injuries. The maps were compared both between the injured and 

uninjured side of each patient, as well as comparing to an uninjured group. 
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By breaking down the results by patient burn characteristics, some patterns emerged, 

demonstrating significant differences between patients with different burn 

characteristics, as well as compared with uninjured subjects. Notably, it was found that 

the position of the optimal site of representation of the FDI muscle is significantly more 

medial in the burn arm of burn patients compared with the uninjured subjects. This 

suggests that there may be some shift of cortical representation in response to a burn. 

The results also show that the degree of asymmetry between the position of the motor 

cortical representation between a patient’s burned hand and uninjured side are not 

significantly different from the asymmetry between right and left hand in an uninjured 

subject. This does not rule out reorganisation in response to a burn injury, rather it 

iterates the notion that the brain is not symmetrical in the arrangement of its neural 

inputs and connections in healthy individuals. This idea has been explored in numerous 

studies, often in the context of hand dominance (Hammond, 2002), and needs to be 

taken into account when investigating corticomotor pathways in the burns patients. It is 

important also to recognise that the burns cohort included patients with bilateral burns, 

thus confounding results when assessing symmetry. 

There are also some interesting findings that suggest that patterns of intracortical 

inhibition and excitability, as indicated by silent period and threshold, are significantly 

different when comparing patients with longer standing more severe burns with more 

acute, less severe burns. (For example, when comparing full thickness with partial 

thickness burns, burns sustained greater than 2 years ago with those less than 2 years 

ago, or burns of >10% TBSA with those of <10% TBSA). The suggestion is that the 

latter group demonstrates greater excitability and less inhibition compared with the 

former group (respectively) and the uninjured subjects tested. This may have 

repercussions when examining how and when to instigate therapies that are designed to 

harness cortical plasticity to drive healing. The 2 year time frame was chosen as it had 

clinical significance. A scar is thought to have matured at 18 months-2 years post burn 

(Papini, 2004). The difference in results seen in these groups of patients (less than or 

greater than 2 years post burn) iterates that there is an underlying process driving 

cortical response and cortical organisation. Given the clinical correlation (scar 
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maturation at 2 years post burn), it is important to consider that factors involved in scar 

maturation may be influencing the cortical response to a burn injury. 

In addition, we noted some significant differences when analysing the TMS results of 

the uninjured subjects. There were significant differences when comparing 

interhemispheric differences in silent period and threshold in left and right hand 

dominant subjects, presenting further evidence that hand dominance contributes to 

asymmetry in cortical organisation. This is an area filled with often conflicting 

evidence, thus it is worth discussing these findings in the context of current literature 

(Hammond, 2002). 

Nevertheless, the idea that there is a central influence that drives recovery of function 

after a burn is an intriguing one. The results of the study by Anderson (Anderson, 2007) 

suggest there is more than just a local response. If there is a central process driving the 

response to a burn injury, then surely it can be harnessed to promote better healing and 

recovery of function. This has shown to be the case in response to peripheral nerve 

injuries in both human and animal studies, but never in a burn patient. This study is one 

of the first to explore the cortical response to a burn. The results can be used to design 

future studies that can help to establish a timeline of the cortical response to a burn, as 

well as the effect that drivers of cortical plasticity, such as exercise, can have on wound 

healing and recovery. 

5.2 Aim 1 

The primary aim of this study was to establish whether there is a persistent cortical 

response to a burn injury. The results have indicated that there is a cortical response to a 

burn injury. It has been shown that this response appears to differ in patients with 

differing burn characteristics, such as partial thickness or full thickness injuries. The 

results have also shown that the cortical response is different in patients who are less 

than 2 years post injury when compared with those who are greater than 2 years post 

injury. The results will be discussed below, along with a discussion of the factors such 

as pain or depth of injury, as well as time course post injury, that appear to have been 

influencing the cortical response to a burn. In addition, the TMS results seen in the 
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uninjured subjects will be discussed. These subjects provide an insight into the 

organisation of the uninjured brain, and provide a useful comparison to burns patients. 

Thus, it is important to understand the dynamics of the uninjured brain in order to 

compare to the burn injured patients. A comprehensive discussion of the results of each 

individual subject tested is available in Supplementary Appendix 3. 

5.2.1 Uninjured subjects 

This study provided the opportunity to use TMS to investigate corticomotor pathways in 

uninjured populations. This is important, for in order to detect changes in injured 

patients we must first establish the nature of cortical pathways in uninjured subjects. 

The feature that becomes obvious when looking at the results is that the TMS maps 

produced in the uninjured subjects, like the burns patients, differ interhemispherically as 

well as between subjects. When comparing the TMS produced map area and average 

MEP at the optimal site between hands as well as between subjects in the uninjured 

population, there is no significant difference. Visually, subjects 2 and 5 have very 

different map topography compared with the other subjects. These are both left hand 

dominant female subjects. There is nothing else of note in their histories (such as 

significant injury or repetitive exercise) that could explain these results; however, this 

was not specifically controlled. In light of the grossly different and asymmetrical map 

appearances for the two left hand dominant females, subjects 2 and 5, it is easy to 

understand that there may be further significant results found when comparing males 

and females. It was found that the x coordinate position in the left arm of females is in a 

significantly more lateral position compared with the left arm of the male subjects. It 

may be suggested that the significant result in this case may be attributed to the two left 

hand dominant females who demonstrate quite different TMS mapping results 

compared with the other subjects. Again, there is no obvious reason why this would be 

the case; however, there are many potential confounding factors that can affect TMS 

measures. 

Six of the twelve uninjured subjects also had maps that demonstrated different colours 

between hands, suggesting a difference in the size of the MEP responses obtained 

during mapping. Analysis included the average MEP response at the optimal site, not 
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the average size of the response obtained throughout the whole map. Subjects 1,2,3,4,7 

and 11 all had maps produced where one hand demonstrated a brighter map than the 

other. Of these six, all but one demonstrated much greater responses in the map of their 

dominant hands. 

There have been many studies investigating the differences at the cortical level between 

areas projecting to “dominant” and “non dominant” sides. It has long been accepted that 

human behaviour and activities are performed on the basis of “handedness,” the idea 

that there is a dominant hand and a non-dominant hand. Studies are now emerging that 

investigate asymmetry at the level of the cortex that correlates with hand dominance 

(Hammond, 2002). Evidence suggests that there is an asymmetry in the organisation of 

the cortex in the dominant hemisphere compared with the non-dominant hemisphere; 

however, this evidence is often conflicting (Hammond, 2002, Daligadu et al., 2013, Teo 

et al., 2012, Hammond et al., 2003). 

The notable significant findings in this study are found when looking at the 

interhemispheric differences between the right and left FDI with relation to silent period 

and threshold. The analysis is conducted by subtracting the value for the right hand 

from the left hand in all subjects. While there is no significant difference when 

comparing left and right hands in either right hand dominant or left hand dominant 

subjects, there is a significant difference when comparing the interhemispheric 

differences between the two groups. The result of this suggests that the threshold to 

stimulation is less in the dominant hand, and silent period is longer in the dominant 

hand in both left and right hand dominant subjects. 

This is consistent with the study by Trigg (1994), who also found a lower threshold to 

stimulation in the abductor pollicis brevis and biceps muscles of the dominant arm 

compared with the non-dominant arm. They tested both left and right handers, and 

found that the degree of asymmetry correlated with the consistency with which the 

subject used their dominant arm to perform non-writing motor tasks (Triggs et al., 

1994). This study did not specifically assess degree of handedness or consistency of use, 

rather relying on patient’s own report of handedness. 
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The finding that silent period appears to be longer in the dominant hand provides a 

result that conflicts with previous evidence. Priori in 1999 investigated 22 left hand 

dominant and 25 right hand dominant subjects using TMS. This study found that the 

silent period is shorter in the dominant hand compared with the non-dominant hand. A 

shorter silent period suggests less inhibitory input in the corticospinal tract. They 

hypothesised that there was a greater amount of corticospinal input required to produce 

a movement of the non-dominant hand compared with the dominant hand and is 

therefore associated with higher levels of excitability, including increased excitability of 

cortical inhibitory mechanisms, explaining the longer silent period (Priori et al., 1999). 

A later study by Daligadu, conducted in 2013, used stimulus response curves to 

investigate cortical excitability and found that the non-dominant hemisphere displays a 

greater amount of excitability than the dominant hemisphere (Daligadu et al., 2013). 

This helps to support the hypothesis presented by Priori. 

This study tested a lower number of subjects than the studies mentioned above, with the 

majority of those being right hand dominant. The finding that the silent period is longer 

in the dominant arm suggests there is an increase in intracortical inhibitory mechanisms 

in this arm. This conflicts with Priori’s findings; however, perhaps not with their 

hypothesis. They hypothesise that tonic contraction of the non-dominant limb is “more 

difficult” than that of the dominant limb, and that more corticospinal input is required to 

achieve that movement. They include in this idea both excitatory and inhibitory inputs, 

which explains their finding of a longer silent period in the dominant hand. 

It can be suggested that if more corticospinal input were required to achieve an action, 

such as a tonic contraction, that the amount of excitatory input would be greater than the 

inhibitory input in order to achieve that muscle action. With this in mind, one might 

expect there to be a shorter silent period in the non-dominant limb, in keeping with the 

idea of reduced inhibitory input, and consistent with the findings in this study of 

uninjured subjects. This is an area that has been investigated by numerous studies, with 

often conflicting results. This study presents more data that further supports the 



– 124 – 

suggestion that hand dominance has an important role in determining the organisation 

of cortical inputs, and that these are not symmetrical. 

5.2.2 TMS map position 

Having established that there can be a degree of asymmetry in the motor cortex in 

uninjured subjects, this can then be used to help to identify differences at the level of the 

cortex in burns patients. 

The results show that the x coordinate of the TMS map is in a significantly more medial 

position in the burn arm of the burns patients compared to the uninjured subjects tested. 

When these results are further broken down, by patient characteristics, it is those with 

full thickness burns; burns of <10% TBSA; burns of the upper limb only; females; 

unilateral upper limb burns; bilateral burns; those treated with surgery; and those who 

reported a functional deficit on their quality of life or disability questionnaire had x 

coordinates that were in a significantly more medial position compared to the uninjured 

subjects. It is useful to consider previous studies that have investigated the 

reorganisation optimal site of cortical maps using TMS. 

There have been studies investigating changes in the TMS produced map of cortical 

representation of intrinsic hand muscles. These studies have shown that if this map is 

deprived of its input, for example after amputation, anaesthesia or a nerve block, the 

map will become activated at a later time in response to other, usually adjacent inputs 

(Hummel, 2005, Chen, 2002, Karl et al., 2001). 

For example, if a hand is amputated, there is an enlarged cortical map targeting the 

upper arm muscles. The area previously responsive to inputs from the hand will now 

become activated by inputs from the proximal arm muscles, as these areas have 

expanded to take over the cortical hand area (Hummel, 2005). 

This study was different as there was no defined area of deafferentation that was 

investigated for the entire cohort. Indeed, a confounding factor is that many of the burns 

patients had sustained bilateral upper limb burns. This can be controlled for when 

analysing only patients with isolated upper limb burns. In this group, the x coordinate is 
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in a significantly more medial position on the cortex when compared to the uninjured 

subjects. This significant result is in keeping with the overall result in the burns patient 

group, supporting the conclusion that there is a persisting shift in motor cortical 

representation in response to a burn injury. 

Comparing x coordinate of the TMS produced maps between patients with various burn 

characteristics iterates that there is reorganisation of cortical representation in response 

to the injury, and sheds light onto the circumstances under which this can occur. Those 

with full thickness burns; burns of <10% TBSA; burns of the upper limb only; females; 

unilateral upper limb burns; bilateral burns not limited to the upper limb; and those who 

were treated with no surgery were all shown to have an x coordinate that was 

significantly different in location compared with the uninjured subjects. In all of these 

results, the x coordinate was shown to be in a more medial position in the burns 

patients. The medial shift is more toward the representation of the proximal arm 

muscles on the motor cortex. It could be suggested that injuries involving the upper 

limb have led to adjacent areas moving and spreading into the area corresponding to the 

injured area in order to compensate. This is consistent with findings of previous studies 

(Chen et al., 2002). For review see Chen 2002. This hypothesis holds true for those 

patients who were burned on the proximal muscles of the upper limb, not the hand. The 

patients in this study had a mix of burn injury locations, and those who demonstrated a 

more medially located x coordinate position in the burn arm were not exclusively those 

who had an isolated upper limb injury excluding the hand. Overall, however, the result 

is significant, and suggestive of reorganisation in the cortical area corresponding to the 

burn limb in response to a burn injury. 

5.2.3 TMS map area 

The TMS map area is smaller in the burn arm of the burns patients compared with the 

uninjured population, though this result is not significant. In the male burns patients and 

those with burns sustained less than 2 years ago, the TMS map area is significantly 

smaller in the “burn” arm compared with the patient’s less injured/uninjured arm. 
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A smaller TMS map area is thought to suggest a smaller area of cortical representation 

for the FDI muscle (Thickbroom et al., 1997, Brasil-Neto et al., 1993). The overall 

result suggests that there is a resulting shrinkage of the cortical area of representation 

following a burn injury. However, there are two uninjured subjects with significantly 

larger map areas that could be considered outliers and could be affecting the results. In 

the context of previous studies that investigate the cortical area of representation 

following induced deafferentation or amputation, it can be hypothesised that we would 

expect to see a smaller map area in the burn arm compared to the uninjured side (Chen, 

2002). The burn results in a disruption in the feedback pathways to and from the site of 

the injury, resulting in shrinkage of that area to compensate. 

Other factors to consider include the level of activity of the patient tested. For example, 

Patient 12 is a pianist. As previously mentioned, this patient would be expected to have 

brain topography that has been moulded by years and hours of repetitive activity in the 

hands. It is reasonable to expect that this level of activity is going to result in very 

different topography to that of a subject who has not undergone such training 

(Pascual-Leone et al., 1995). Along with this is the question of hand dominance and 

whether it is a factor that could cause variability in TMS map area results. The results of 

this study do not demonstrate any significant differences due to hand dominance in 

either the burn or uninjured population. It is worth considering, however, that though 

this may be the case there could be a difference between hands caused by repeated 

activity or training. This could be expected after a burn when the patient may favour one 

hand over the other. In the case of bilateral hand burns, the patient may naturally favour 

their dominant hand, leading to more repeated or practised movement of that hand that 

could affect reorganisation at the cortical level. This was not specifically reported in the 

subjects studied, and as such cannot be completely accounted for. 

Another thing to consider is the reliability of TMS map area as a measurement. TMS 

map area has been validated for investigation of the short and long term effects of 

physiological or pathological interventions that change the cortical representation of 

intrinsic hand muscles (Uy et al., 2002). This study did look at the cortical 

representation of the FDI muscle. Previous studies, however, have demonstrated that the 



– 127 – 

surface area of these TMS produced maps is primarily determined by current spread and 

influenced by the orientation and position of the TMS coil on the scalp, in addition to 

the depth of the motor output region in the cortex (Thickbroom et al., 1997). They 

suggest that TMS map area obtained by surface testing doesn’t necessarily provide a 

true indication of the spatial extent of the motor cortical output region (Thickbroom et 

al., 1997). This is consistent with previous findings (Wassermann et al., 1992). For 

example Wilson et al. also suggested that map shape and area is related to the coil 

position and orientation and is therefore more an indicator of current spread in the 

cortex (Wilson et al., 1993b). In this study, although the coil position was carefully 

noted and controlled by the investigator using a marked cap and scalp measurements, 

coil position and orientation was not perfectly controlled. Today it is possible to use 

navigational systems that allow for more exact and less variable coil placement for TMS 

studies. Thus, though these TMS map area results are suggestive, it is important to note 

the limitations of the measurement itself. 

5.2.4 MEP amplitude 

MEP has been shown to be an indicator of cortical excitability (Rosler and Magistris, 

2011, Cantello et al., 2002). The MEP measurements demonstrated significant results 

when the male burn patients were compared to the female burn patients, as well as when 

comparing patients with different burn characteristics. The average MEP size at the 

optimal site was greater in the burn arm of patients with an upper limb burn only, 

compared with the patients with burns involving multiple body locations. In addition, 

patients with a unilateral burn had a greater MEP size in the burn arm compared to the 

uninjured subjects tested. 

One reason why there is shown to be an increased excitability in those with upper limb 

burns only and a reduced excitability for those with burns involving multiple body areas 

could be the nature of cortical reorganisation in response to the injury. A burn involving 

multiple areas would include disruption of multiple inputs over many areas of the motor 

cortex and beyond. The net effect of this appears to be a reduced cortical excitability at 

the area of the hand representation. Those with burns involving the upper limb only will 

not have such widespread disruption to neuronal networks. The net effect is increased 
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excitability in the area of the FDI muscle, which could be a natural response to the 

injury. This might be due to pain, increased activity (e.g. through repetitive 

physiotherapy exercises), release of inflammatory markers in response to injury, etc. In 

the case of the upper limb burn, it is easy to see that there may be increased cortical 

excitability in the FDI muscle (i.e. the upper limb) in response to that injury. In the case 

of a burn involving multiple locations it is less clear as there are so many areas affected. 

All that can be extrapolated from the results is that the net effect is possibly a reduction 

in cortical excitability in the cortical area corresponding with the FDI muscle. 

It has been shown that MEPs can vary in size and shape from one stimulus to the next, 

even if all stimulus parameters are kept constant (Rosler and Magistris, 2011). It has 

been suggested that this can be due to any number of factors including variation in 

voluntary muscle contraction and cognitive events, which can contribute to varying the 

number of motor neurons that are excited by the stimulus. In addition, testing variation 

such as subtle variations in the coil position may also contribute (Rosler and Magistris, 

2011). Variation in MEP size does not appear to have an effect on TMS produced 

cortical map position or area (Thickbroom et al., 1999). 

It is interesting that the male and female burn patients had significantly different MEP 

amplitudes. There were only two female patients tested, which makes any deeper 

interpretation of the data difficult. It has been shown, however, that factors such as 

hormone levels can affect the response to TMS (Sale et al., 2008). This is worth 

considering in future studies, particularly in light of the fact that we have seen 

differences, albeit with different TMS measurements, between male and female subjects 

not only in the burns patients but also the uninjured subjects tested. 

5.2.5 Silent period 

The silent period duration may be used as an indicator of intracortical inhibition, though 

the exact mechanism underlying the phenomenon is unknown (Wolters et al., 2011, 

Wilson et al., 1993a). While the refractoriness of spinal neurons may play a part, this 

process does not account for the entire duration of the silent period (Wilson et al., 
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1993a, Chen et al., 1999). Thus, it is likely that intracortical inhibitory mechanisms play 

a part in the mechanism underlying the silent period (Wolters et al., 2011).  

The results indicate the silent period is shorter in those with more recent, isolated upper 

limb injuries, compared with both those with longer standing, more widespread severe 

injuries, and uninjured subjects. Those with a shorter silent period in the burn arm 

include patients with burn sustained <2 years ago, those who did not receive surgery, 

those with partial thickness burns, those with upper limb burns only, those with burns of 

less than 10% total body surface area. These subject population groups had silent 

periods that were significantly shorter than the uninjured population tested. It may be 

argued that perhaps the alternative population (i.e. those with burns sustained >2 years 

ago, those who did receive surgery, full thickness burns, multiple burn locations, burns 

greater than 10% total body surface area) have prolonged silent periods, as indicated 

when comparing interhemispheric differences. This was not found to be true to a 

significant degree when results were compared directly with the uninjured population. It 

is, however, worth exploring both possibilities. Another point to note is that those 

patients who had sustained their burns greater than 2 years ago were also those who 

had, on average, greater and more widespread burn injuries. Thus it is difficult to state 

that each of these factors alone is contributing to this result. There is, however, a pattern 

emerging amongst all of the results that demonstrate a significant difference between 

patients who sustained their burn less than 2 years ago and those whose injuries are 

greater than 2 years old. It has been mentioned that a burn scar is considered fully 

mature until 18 months post burn (Papini, 2004). These results suggest that this time 

course may be significant with respect to the cortical changes taking place as well. 

Longitudinal testing would be useful to monitor the silent period duration over time, to 

see whether the silent period duration correlates with recovery of function, for example. 

The current results do not demonstrate any significant difference in silent period 

between those patients who report a functional deficit and those who do not. 

Interestingly, they do report a longer silent period duration in the burn arm of those 

patients who were burned on their dominant limb, compared to those burnt on their 

non-dominant limb. It may be suggested that an element of use dependent plasticity has 
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played a part. Previous studies have demonstrated specific training, such as repetitive 

movements or actions, can be used to drive cortical plasticity and facilitate recovery 

after injury. It has also been shown that this is most effective when the training mimics 

normal movement patterns (Dunlop and Steeves, 2003, Angelov et al., 2007). In 

keeping with evidence of use dependent plasticity by Dunlop and Steeves (2003) and 

Angelov (2007), we could expect to see different cortical organisation in the hand that 

has experienced greater frequency of normal movement patterns. It follows that a 

dominant limb may be easier to rehabilitate than a non-dominant limb as it is more 

accustomed to fine motor movements. In addition, the patient is more likely to use a 

dominant limb due to habit, and may be more likely to neglect an injured non-dominant 

limb. Four of the nine patients who were burned on their dominant limb reported no 

functional deficits, whereas all of the patients who were burned on their non-dominant 

side reported resulting functional deficits. It has been previously demonstrated that there 

is a correlation between silent period duration and recovery of function after injury 

(Classen et al., 1997). 

In 1997 Classen used TMS to monitor the silent period duration in patients who had 

sustained a hemiparetic stroke and were found to have a prolonged silent period in the 

FDI muscle. Serial TMS investigations were performed for up to 2 years post stroke 

(Classen et al., 1997). The study found that the silent period duration decreased in 

parallel with clinical improvement in these patients.  

This is somewhat contrary to our finding of a shorter silent period in those with a more 

recent burn injury, compared with those who were injured greater than 2 years ago. It 

also contradicts our suggestion that the longer silent period in a dominant limb burn 

may be due to better rehabilitation through use dependent plasticity. The injury is, of 

course, of a completely different nature and mechanism. However, the point to consider 

is that silent period duration could change with clinical improvement. In this study, 

however, there was no significant difference in silent period duration between those 

patients who report a functional deficit and those who do not. 
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Classen’s result led the investigators to suggest that the severe motor impairment seen 

following a hemiparetic stroke may be due in part to the influence of inhibitory cortical 

interneurons, rather than just as a result of direct lesions of the descending motor tracts. 

A different stroke study, by Von Giesen, also described a disruption of inhibitory inputs 

in response to injury as demonstrated by silent period measurements (von Giesen et al., 

1994). 

We may also consider changes at the level of the CNS with respect to the damage that 

occurs at the periphery. Many studies have investigated the effect that significant 

disruption of the peripheral nerve field, for example through amputation, can have on 

the sensory and motor cortices. It has been well documented that the human motor 

cortex is able to reorganise itself in response to limb amputation (Cohen et al., 1991, 

Fuhr et al., 1992, Chen, 2002, Borsook et al., 1998, Dettmers et al., 1999, Roricht et al., 

1999). Further studies have investigated the processes underlying these changes. In 

1998, Chen et al demonstrated a reduction in intracortical inhibition in the contralateral 

motor cortex of lower limb amputees (Chen et al., 1998). These findings were later 

supported by Schwenkreis et al in their study upper limb amputees (Schwenkreis et al., 

2000). These studies used paired pulse stimulation to measure intracortical inhibition, 

which is of a different physiological origin to the cortical silent period, however they do 

support the findings in this study of altered intracortical inhibitory processes following 

damage to the peripheral nerve field (Hallett, 2007). 

In a burn injury, it can be expected that the changes seen in the cortex will vary with the 

severity of the injury at the periphery (Hettiaratchy and Dziewulski, 2004). Partial 

thickness burns may involve some damage to superficial nerve structures, whereas a full 

thickness burn will always involve destruction of peripheral nerve endings. This is why 

full thickness burns are not necessarily painful directly at the site of injury (Hettiaratchy 

and Dziewulski, 2004). The damage to the nerve endings disrupts the peripheral 

feedback pathways to the cortex. This may help to explain the differing findings 

between patients with partial thickness burns compared to full thickness burns. In a full 

thickness burn, damage to the nerve endings results in reduction in the afferent input to 

the cortex, which may result in a net increase in inhibitory input, as demonstrated by the 
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prolonged silent period. On the other hand, in a partial thickness injury, the pain caused 

by the injury could act as an extra excitatory stimulus, increasing excitation at the 

cortical level and resulting in a shorter silent period. Pain has previously been described 

as a mechanism behind cortical plasticity, including its role in the modulation of 

intracortical inhibition. Many studies have documented changes at the neuronal level in 

response to pain (Ridding and Rothwell, 1997, Chen, 2002, Navarro, 2007).  

The pain literature explores the effect that pain can have on cortical inhibitory networks. 

Studies in this area support the findings of altered silent period in this study. The TMS 

investigations of patients with chronic neuropathic pain, for example, demonstrate a 

reduction in silent period in patients with neuropathic pain of various aetiologies. This 

includes damage to the peripheral nervous system (Lefaucheur et al., 2006, Turgut and 

Altun, 2009). Turgut et al studied the cortical silent period duration in patients with 

diabetic neuropathy, with and without neuropathic pain. In their study, only the patients 

with neuropathic pain demonstrated a reduced silent period duration. Lefaucheur et al 

also demonstrated a reduction in intracortical inhibition in patients suffering from 

chronic neuropathic pain, however the cause of the pain varied from cortical to 

peripheral nervous system injury. More recently, Portilla et al demonstrated similar 

alterations in intracortical inhibition in three burns patients who suffered from chronic 

neuropathic pain as a result of their injuries (Portilla et al., 2013). This finding supports 

our hypothesis that the cortical effects due to a burn injury, including alterations in 

intracortical inhibitory networks, may be analogous to those seen in patients with other 

peripheral nerve injuries. It is important to note that the patients in Portilla’s study 

suffered from chronic neuropathic pain, whereas chronic pain was an exclusion criterion 

in our study. This study demonstrated a shorter silent period duration in the burn arm 

include patients with burn sustained <2 years ago, those who did not receive surgery, 

those with partial thickness burns, those with upper limb burns only, those with burns of 

less than 10% total body surface area. The silent period results in these patients are 

consistent with the existing literature, which demonstrates a reduction in silent period 

duration in patients with other mechanisms of peripheral nerve injuries. 
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Although the burns patients in this study did not report chronic pain issues, there was no 

clear documentation or control to account for the degree of pain that may have been 

experienced at the time of injury. In light of these previous studies that demonstrated 

changes in intracortical inhibition and silent period duration in response to pain, it is 

important to consider the effect that pain may have had in these patients (Lefaucheur et 

al., 2006, Schwenkreis et al., 2003, Turgut and Altun, 2009). Future studies should 

consider documenting pain levels in conjunction with TMS testing during healing after 

a burn injury in order to gain an understanding of how pain may affect the cortical 

response to a burn over time. 

In this way, damage at the level of the peripheral nervous system may also be used to 

explain the significantly shorter silent period in those who underwent surgery compared 

to the uninjured subjects tested. The silent period was found to be significantly shorter 

in patients who underwent surgery. Again, surgery involves further damage to the 

peripheral nerve field. It may be worth exploring the effect that surgery may have on 

cortical representation and inhibitory and excitatory inputs by performing TMS studies 

pre and post surgery. 

As has been demonstrated in the literature review (see 1.4.8), the mechanisms 

underlying the cortical silent period are not entirely understood. It has been suggested 

that mechanisms at both the spinal and supraspinal levels can account for the silent 

period seen following TMS (Wolters et al., 2011). Without including an additional 

measurement of spinal motoneuron excitability, it is difficult to conclusively state that 

the changes in the silent period seen here are entirely cortical in origin. Most studies do 

conclude, however, that at least the latter part of the cortical silent period must be due to 

intracortical mechanisms (Wolters et al., 2011). Thus the silent period measurement 

provides useful information regarding the state of inhibitory networks in the cortex. A 

reduction in inhibition is suggestive of a more plastic neural environment. It is worth 

considering the therapeutic ramifications of this. In particular, the shorter silent period 

seen in those patients with more recent burns (sustained less than 2 years ago) suggests 

a time period during which therapeutic interventions that act to harness neuroplasticity 

may be best instituted. 
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5.2.6 Threshold 

Threshold to stimulation reflects the excitability of the cortical neurons (Hallett, 2007). 

The differences between patient groups, and when compared with uninjured groups, are 

in keeping with the silent period measurement results. That is, the patient groups that 

have a shortened silent period also demonstrate a lower threshold to stimulation. This 

strengthens the notion that excitability is enhanced and inhibitory networks are reduced 

in patients with burns sustained <2 years ago; those who did not receive surgery; those 

with partial thickness burns; those with upper limb burns only; those with burns of less 

than 10% total body surface area. 

In patients with burns of >10% TBSA, the threshold to stimulation is greater in the burn 

arm, whereas in those with burns <10% TBSA, the threshold is lower in the burn arm 

compared with the uninjured arm, and the uninjured population. 

As threshold is a marker of cortical excitability, these results suggest that this is reduced 

in patients with larger, more widespread burns (Hallett, 2007). It may be hypothesised 

that this is due to the increased disruption of the usual cortical inputs, resulting in net 

increase in inhibitory inputs to the areas corresponding to the FDI muscle. The 

increased excitability when the burn is less widespread, or involving the upper limb 

only may be because the reorganisation occurring at the level of the cortex is more 

specific to the upper limb, in the absence of multiple other inputs that are occurring in 

the instance of the more widespread injuries. 

In a small and varied sample such as this burns population it is difficult to hypothesise 

beyond a description of what is seen. In this study we have seen an indication of 

increase in excitability of excitatory inputs, through a lower threshold value, and a 

reduction in the excitability in inhibitory inputs, through a shortened silent period, in 

patients who sustained a burn <2 years ago, those who did not receive surgery, those 

with partial thickness burns, those with upper limb burns only, those with burns of less 

than 10% total body surface area. The net effect could be described as increased in 

excitability of the neurons corresponding to the FDI muscle of the burn arm in these 

patients. The potential therapeutic ramifications of this have already been mentioned. 
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This includes the suggestion that reduced inhibition and increased excitability results in 

a more plastic neural environment, which can then be harnessed to drive better healing 

and functional outcome. 

5.2.7 Latency 

The latency is the time taken for the stimulus to produce a response in the target muscle. 

This is measured as the time from the initial TMS stimulus to the starting point of the 

MEP produced (Sandbrink, 2011). This measurement includes the a central as well as 

peripheral conduction time, i.e. the time taken from activation of the cortex to activation 

of spinal motor neurons, plus the time from spinal activation to the muscle response. 

(Hamada et al., 2013, Sandbrink, 2011). 

There were some differences found in latency duration in the uninjured population. 

When looking at just the left FDI muscle, the latency duration was significantly shorter 

in left hand dominant compared with right hand dominant subjects, but there was no 

such finding in the right hand measurements. There was also noted to be a significantly 

shorter latency in the left arm of females compared with males. There were, however, a 

larger proportion of left hand dominant females than left hand dominant males, which 

may explain the result. As mentioned in 5.3, those left hand dominant females 

demonstrated vastly different topographic map characteristics to the rest of the 

population tested. It is important to keep this in mind when analysing the results. 

The right FDI latency duration was also shorter in females compared to males. 

The interhemispheric differences in latency in patients with a sensory deficit suggests 

that these patients have a shorter latency in the burn arm compared with their uninjured 

arm, when compared with those patients who have no sensory deficit, who appear to 

have a longer latency duration in the burn arm. It may be suggested that in those 

patients who have a sensory deficit as a result of their burn injury, there is a reduction in 

the afferent input provided to the cortex, which results in a disruption of interneural 

networks that coordinate the motor function of the affected area. Against this theory, 

however, is the absence of any difference in silent period duration in patients who have 

a sensory deficit, or a functional deficit, which detracts from the idea that inhibition due 
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to reduced afferent input is contributing to a prolonged latency duration. It is difficult to 

draw any strong conclusions based on these findings; however, it is surprising to 

identify significant differences in latency duration. The latency duration depends on 

both central and peripheral processes, however, and patients who have sustained burn 

injuries have often sustained injuries to the peripheral nervous system. Thus the results 

seen may be due to changes at the cortical and/or peripheral level. This study is aiming 

to verify whether or not there is an effect on central processes following a burn injury. 

At this point it is difficult to differentiate the two from the latency results. In the future 

this could be investigated using a similar TMS technique, along with epidural spinal 

MEP recordings, which would allow investigation of the peripheral nervous system at 

the same time. 

5.3 Aim 2 

This TMS testing protocol established in this study is able to provide information on the 

position of the cortical motor map, as well as the nature of intracortical inhibitory and 

excitatory inputs and thus the plasticity of these neural inputs. The application of the 

protocol in this study without complication and the results yielded demonstrate that 

TMS is a safe and sensitive tool that can be used to investigate the cortical response in 

burns patients. 

For example, the testing procedure has been sensitive enough to detect as small as a 

10% difference in the position of the cortical map in burns patients compared to 

uninjured subjects. In the silent period studies, TMS has detected as small as a 7% 

difference in the mean silent period in the burn arm of patients who received surgery 

compared with the uninjured subjects tested. The results of the burns study demonstrate 

that TMS is a sensitive tool for measuring the cortical response to a burn. 

Two testing protocols were developed in this study. The first involved comprehensive 

sensory function testing in addition to the TMS protocol and functional quality of life 

and disability questionnaires. The second protocol did not include sensory function 

testing. Because of recruitment limitations relating to the length of the testing protocol 

and reluctance of subjects to attend more than one testing session, the sensory testing 
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protocol was excluded from the second half of the study. Subsequently more patients 

could be recruited to undergo the TMS testing. The importance of considering sensory 

function in these patients, however, must not be overlooked. 

A burn injury will often involve disruption of the peripheral nerve field. Disruption to 

the peripheral nervous system will therefore disrupt the afferent input to the cortex and 

thus the organisation of cortical inputs, resulting in a shift of the cortical map (Chen et 

al., 2002). It is therefore useful to gain a measure of the function of the peripheral nerve 

field, for example through sensory function testing, when assessing the CNS in order to 

help explain observations. While this study did not reveal a significant difference in the 

TMS map size or position when comparing those patients with a sensory deficit with 

those who did not, or the uninjured subjects, the small sample size in this instance 

means that a non-significant result does not rule out a cortical shift in response to 

sensory deficit in burns patients. This and other considerations regarding the limitations 

of the TMS methodology will be discussed in greater detail throughout this chapter. 

5.4 Limitations of the methodology 

The limitations of the methodology used in this study must be considered. 

There is firstly the nature of the study itself, the investigation of the motor cortical map. 

As discovered through a review of the available literature, there are myriad factors that 

may influence the organisation of an individual’s motor cortical map. These are not just 

limited to large events such as injury, but include factors such as pain, activity levels, 

and hand dominance (Hammond, 2002, Soros et al., 2001, Cirillo et al., 2009). This 

results in a very plastic organ that is constantly reorganising itself in response to its 

environment (Sale et al., 2009, Sale et al., 2007) (see chapter 1.3). 

Another confounding factor in this study is the variation in the type of injury. In this 

study we attempted to recruit patients who had suffered upper limb burn injuries, 

particularly hand injuries. The reason we focus on the hand is because it has a very large 

area of cortical representation, thus it is easier to monitor cortical changes in respect to 

the hand than other body parts that have smaller areas of cortical representation. The 

more distal muscles have also been shown to have lower threshold to stimulation and 
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higher MEP amplitudes, which also makes them easier to study (Wassermann et al., 

1992). However, almost all subjects had burns that involved more than the hand. 

Further selection bias exists when it comes to the subjects recruited for this study. Those 

subjects willing to undergo the rather lengthy and unknown procedure that is TMS 

mapping, tended to be those subjects who had suffered the most from their injury, i.e. 

those with more severe burns. Larger burns are known to be more likely to lead to a 

systemic response, including the release of inflammatory mediators and ultimately 

multiple organ involvement and, in some cases, failure (Hettiaratchy, 2004). Indeed, 

any burn involving greater than 10% TBSA always requires referral to a specialist burn 

unit and formal resuscitation (Hettiaratchy and Papini, 2004, Hettiaratchy, 2004, 

ANZBA, 2014). In addition, more severe burns almost always require surgical 

intervention. These factors are all going to have an influence on the outcome, including 

the resulting cortical reorganisation. Those with unilateral hand burns, or burns that had 

healed well with minimal issue, were less in touch with the Burns Unit and therefore 

less willing to return. Those who had survived major burns were very willing to give 

back their time to research. Later in the study subjects were recruited in the more acute 

phase post burn; with a view to conducting repeat testing to monitor the reorganisation 

of the cortical map over time. Unfortunately, these subjects were unwilling to undergo 

repeat testing after their first session. 

Aside from the patient and recruitment factors that may confound the results of this 

study, it is also important to consider the reliability of the TMS testing. TMS has been 

developing over the past 20 years. As a non-invasive technique, it offers itself as a 

relatively safe tool that can be used to measure, monitor and manipulate the brain’s 

response to both magnetic stimulation, as well as other interventions. As to the 

reliability of the results produced, there is conflicting evidence (Chipchase et al., 2012). 

While it is often useful to study a particular subject population when compared to a 

“normal” population, evidence suggests that this is best done with caution when using 

TMS (Wassermann, 2002). There are myriad factors that have been shown to contribute 

to the high inter individual variation in TMS response (Wassermann, 2011, Chipchase 

et al., 2012). These include, but are not limited to, age (Wassermann, 2011, 
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Wassermann, 2002); time of day (Sale et al., 2008); medication, particularly neuroleptic 

medication that affects neurotransmitter activity (Ziemann, 2011, Aoki, 2006); 

handedness (Triggs et al., 1999, Wilson et al., 1993b); caffeine use (Chipchase et al., 

2012). There is a wide range of ages of patients tested in this study. This should be 

considered as a possible confounding factor; however, studies are conflicting with 

regard to this (Cirillo et al., 2010, Wassermann, 2011). Cirillo studied use dependent 

plasticity in young and old adults during a motor training task. They found that age 

related decline in motor learning occurred only in the dominant hand. Furthermore, they 

found that use dependent plasticity (strengthening of corticomotor circuits following 

repetitive movement training) was similar in young and old adults (Cirillo et al., 2010). 

Wasserman conducted a large trial investigating variation of TMS results in the general 

population in 2002; testing 150 subjects on 3 separate occasions. Of particular relevance 

was the finding that there is a high degree of inter individual variability when 

examining threshold to simulation, as well as response to paired pulse stimulation. 

We employed the mapping protocol described by Wilson et al. 1993 (Wilson et al., 

1993b). This study, investigating the TMS produced maps of the abductor pollicis 

brevis and abductor digiti minimi muscles, showed that the location of these maps are 

able to be reliable and reproducible over a period of 181 days. The study showed no 

significant difference between left and right hemispheres, or left and right hand 

dominant subjects. 

Uy (2002) et al. in their study validated the use of COG and area for the investigation of 

the short and long term effects of physiological or pathological interventions that 

change the cortical representation of intrinsic hand muscles. In particular, this study 

looked at the FDI muscle (Uy et al., 2002). 

These findings were contradicted somewhat by Wolf, who investigated the stability of 

TMS mapping of the EDC in 9 right hand dominant males over 3 sessions. The sessions 

were spaced between 7 -14 days apart. The study showed there to be a 9 fold greater 

movement in COG and hotspot locations in the left hemisphere compared with the right 

hemisphere between sessions. This study did, however, find there to be no 
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interhemispheric differences in threshold, average MEP at the hotspot, map area, or 

silent period between hemispheres or between sessions. All testing, save for silent 

period measurement, was taken with the subject’s target muscle at rest, and at a 

stimulator intensity of 110% of RMT (Wolf et al., 2004). 

A more recent study, conducted in 2012 by Ngomo et al., demonstrated good short and 

long term reliability for motor threshold and COG measurements in both resting and 

active conditions. They also found MEP amplitude measurements to be more reliable at 

120% of threshold than 110% (Ngomo et al., 2012). This study although small, with 

only 12 subjects, used a 3D neuronavigational system to ensure accurate positioning of 

the coil during testing. 

The many benefits of TMS, including its non-invasive nature, low cost, and efficiency 

of use make it an easy and accessible tool to measure intracortical pathways. There is, 

however, much contradictory evidence regarding the reliability and repeatability of 

TMS results. This must be kept in mind when interpreting results of any study. 

In light of the potential for variability of TMS results, a study was conducted in 2012 

whose chief aim was to produce a guideline regarding the factors that should be 

controlled or reported in TMS studies (Chipchase et al., 2012). The study surveyed 42 

“experts” in the field of TMS around the world, and culminated in the production of a 

checklist that outlines subject factors, methodological factors, and analytical factors to 

be reported on or controlled when conducting TMS studies. Although this checklist was 

published in 2012, after the completion of this study, it serves as a useful tool to enable 

critical appraisal of the methods we used. Several factors outlined in the checklist were 

not directly addressed in this study: 

! Subject factors 

! History of specific repetitive motor activity 

As has been discussed in the literature review, exercise or movement training 

techniques can be used to augment the excitability and plasticity of the motor cortex. 

This has been shown to be true both in the development of new fine motor skills 
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(Pascual-Leone et al., 1995), as well as training to regain previous function (Dunlop and 

Steeves, 2003). Thus, a history of repeated movement may influence the results. This is 

relevant in the burns population, many of whom have been given repetitive movements, 

stretching, and training exercises to perform at home for the express purpose of 

improving their functional outcome. 

! Methodological factors 

! Prior motor activity of the target muscle 

As mentioned above, the amount of use of the target muscle prior to testing will 

influence the results. 

! Level of relaxation of other muscles 

It has been shown that voluntary muscle contraction can have an effect on the ipsilateral 

cortex (Hess et al., 1986a). 

! Subject arousal during testing 

As discussed during the literature review, attention can influence the response to TMS. 

Studies have shown that attention paid to the target muscle can influence its size of the 

MEP (Stefan et al., 2004, Fitzgerald et al., 2006, Flor et al., 2001). 

! Coil location and stability 

The consensus recommends that neuronavigational systems be used to improve 

accuracy (Chipchase et al., 2012). Neuronavigational systems were not available to be 

used for this study. The coil position was controlled in one plane, but was subject to 

pitch, roll and yaw rotations. 

The evidence shows increasing support for the stability and reliability of TMS results 

over time whilst also acknowledging the high degree of variability between individual 

responses to TMS. This makes TMS a potentially useful tool for measuring an 

individual’s response to an intervention. 
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Unfortunately, in this study, it is impossible to create a “before and after” design; 

however, longitudinal measurements taken during recovery from a burn injury could 

prove useful. This is particularly in light of the results of this study, which indicate that 

the nature of the cortex at 2 years post injury is different when compared to patients less 

than 2 years post injury. TMS measurements over time would help to uncover the exact 

time course of these changes, and the events that influence them. In spite of the 

limitations associated with TMS measurements, this study has established a protocol for 

the use of TMS in the burns population, and its sensitivity in detecting cortical changes 

after a burn injury. 

5.5 Aim 3 

In light of the results of the burns study, which demonstrate there is a cortical response 

to a burn injury, we considered interventions that may act to modulate brain plasticity 

that may affect the results of the burn study. It is known that exercise, particularly 

specific training, can affect cortical plasticity in particular during healing after a 

peripheral nerve injury (Angelov et al., 2007). In the Western Australian Burns Unit it is 

standard protocol to employ early and aggressive exercise as a therapeutic intervention. 

Given that it has been previously shown that specific exercise training can affect 

neuroplasticity (Cirillo et al., 2009, Cotman and Berchtold, 2002) it is important to 

identify the effect that aerobic exercise, as used therapeutically for all patients in the 

Burns Unit, can have on neuroplasticity and thus the results of this study. We therefore 

conducted a study investigating the effects of aerobic exercise in uninjured subjects. 

The study, conducted in uninjured subjects, found that a short bout of aerobic exercise, 

mimicking the exercise protocol that is used in burns rehabilitation, results in a transient 

reduction in intracortical inhibition. A reduction in intracortical inhibition has been 

demonstrated in those patients with more recent, isolated upper limb injuries, compared 

with both those with longer standing, more widespread severe injuries, and uninjured 

subjects in the burns study. Although there are many factors that may help to explain 

this result, the result of the exercise study suggests that exercise should be considered as 

a possible contributing factor to these results. In addition, even a transient reduction in 

intracortical inhibitory mechanisms has the potential to be used to harness and drive 
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neuroplasticity to promote better functional outcomes, thus this it is worth further 

exploring the therapeutic effects of exercise on neuroplasticity. 

5.6 Future studies 

It has becoming increasingly clear, particularly in the past 40 years, that the brain is a 

plastic organ that is constantly reorganising itself in response to its experiences and 

environment (Flor et al., 1995, Chen, 2002, Merzenich et al., 1983, Sale et al., 2007). 

The brain is constantly reorganising itself not only in response to injuries, but also to all 

experiences and environments that it encounters (Chen, 2002, Guyton and Hall, 2000). 

This is the basis of how we learn and form memories. The potential therapeutic 

ramifications of this are only now beginning to be considered and exploited. Indeed, this 

is the first study to demonstrate that there is a cortical response to a burn injury. This is 

a pilot study, of small sample size, that can be used when considering future research 

directions. 

This study demonstrates that there is a cortical response to a burn injury. In addition, 

there is the suggestion that this response differs; for example, in patients with more 

recent burns compared to those who are greater than 2 years post injury. What is less 

clear is whether all of the reorganisation of intracortical connections is beneficial or 

harmful. Classen et al. were able to demonstrate a correlation between silent period 

duration and clinical improvement following hemiparetic stroke (Classen et al., 1997). 

It would be helpful if we could establish a temporal relationship between clinical 

improvement and cortical reorganisation in burns patients. 

In the study of burns patients it is, of course, impossible to create a “before and after” 

study in human subjects; however, longitudinal studies would help to shed greater light 

on the evolution of the cortical response to a burn. It would be useful in the future to 

conduct temporal studies post burn to investigate exactly what happens after a burn. 

There are suggestions, as discussed above, that different patterns emerge when 

comparing those with more recent burns with those who were injured more than 2 years 

ago. Thus it would be useful to follow a burns patient, or patients, through their 

recovery and conduct TMS studies in order to gain a more complete understanding of 
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the dynamics of cortical reorganisation after a burn. This study has found cause to 

suggest that factors such as pain, exercise and surgery may all affect the TMS results 

seen in this study. Longitudinal studies would also allow for further investigation 

regarding the role that these factors may play, by measuring pain levels, for example, in 

conjunction with TMS measurements and functional outcome. 

This type of study is best suited to temporal analysis on a case by case basis, for several 

reasons. One is that all individuals are subjected to different experiences that shape the 

state of their cortical organisation and interactions. Another is that it is always going to 

be difficult to recruit any substantial number of subjects of the burn population who 

have suffered similar injuries, as this too is a highly specific injury with a great 

variation in location, severity, and outcome. Thus investigating each individual over 

time may be more useful than comparing many individuals at one time point. 

Longitudinal TMS studies would also prove useful in assessing the effects of an 

intervention, for example surgery or exercise therapy. The results have shown that both 

surgery (as seen with a shortened silent period in burns patients who received surgery 

compared with uninjured subjects) and exercise can result in a reduction in intracortical 

inhibition in a burns patient. Longitudinal TMS studies can help to clarify this effect, by 

using TMS measurements before and after such an intervention to assess its effect on 

the cortex. This also allows correlation between the cortical changes seen and clinical 

outcome. The results of this burns study also help by providing an indication of the kind 

of change in measurement that can be considered significant. For example, when 

comparing the x coordinate of the optimal site in the burn arm in burns patients with the 

uninjured subjects, a 10% difference in position was found to be statistically significant. 

While inter group comparisons should be treated with caution, these results to provide 

an indication as to what may be considered a significant change for example over time 

or in response to an intervention. 

Since the commencement of this study, neuronavigational systems have become more 

widely available for use. These systems use three dimensional guidance to ensure a 

more accurate TMS stimulus application. They are best used in conjunction with 
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anatomical images of the subject such as brain magnetic resource imaging (MRI), but 

can be used with atlas coordinates (degrees of latitude and longitude based from the 

vertex of the skull)(Magstim, 2013). These systems are much more sensitive to minute 

changes in TMS coil position, and as such ensure more accurate and consistent coil 

placement. The consensus from the survey of 42 experts in the field is that the use of a 

neuronavigational system be considered in order to improve the reliability and 

repeatability of TMS testing results (Chipchase et al., 2012). Future studies should 

consider using neuronavigational system to improve the reliability of the testing and 

results. 

Future studies could also consider using both TMS and fMRI to assess cortical 

reorganisation. TMS and fMRI can both be used to map the location of the cortical 

activation associated with a particular muscle or movement. fMRI, however, allows us 

to analyse activation at other areas of the cortex, not just the motor cortex as with TMS. 

Thus TMS and fMRI can provide complementary information. This information would 

be invaluable in helping to gain an understanding of the exact nature of the cortical 

changes that occur after a burn injury (Lotze et al., 2003b, Krings et al., 2001, 

Jurkiewicz, 2007). 

One advantage of the combination of TMS with fMRI is that it allows the temporal 

relationship to be confirmed. For example, fMRI studies indicate that the visual cortex 

is activated when reading Braille; however, we cannot confirm whether this region is an 

essential component of the reading process. The relationship between the visual cortex 

and Braille reading can be confirmed using TMS. When TMS is applied to the visual 

cortex, reading is disrupted (Cohen et al., 1997, Sadato et al., 1996). Thus TMS can be 

used to provide temporal resolution to the spatial information supplied by fMRI 

neuroimaging studies. 

In order to introduce TMS as a tool into the Burns Unit, there are several factors to be 

considered. These include patient comfort and convenience, access, and time. TMS 

mapping is a long process, which automatically acts as a deterrent to patients and 

investigators alike. In a clinical setting, it would be more efficient to use TMS to 
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establish the optimal site of activation of the target muscle, and then conduct 

investigations based around that site. For example, once the optimal site and threshold 

to stimulation are established, a series of MEPs (ten samples, as an example) can then 

be elicited and analysed later. I would use a controlled voluntary muscle contraction for 

testing as not only does this control muscle contraction to some degree, but also allows 

for silent period analysis. From a sample of ten MEPs, for example, we can then use 

peak to peak amplitude and the threshold as a marker of cortical excitability, silent 

period as an indicator of intracortical inhibition, and the location of the optimal site as a 

rough indicator of cortical reorganisation. This testing would take approximately 30 

minutes in total, and would thus be much more amenable to use as a measure that can 

be repeated in a temporal fashion as the patients recover from their injuries. I would 

extend this testing out to at least 18 months post injury, as in the patients in this study 

we have seen a difference in results between those patients who are >18months with 

those who are <18months post injury. 

If time were not a factor, I would recommend adding in paired pulse studies, and 

stimulus response curve testing, as was used in the exercise study. These would provide 

a better measure of intracortical inhibition and excitability respectively; however, 

testing time would be significantly prolonged. Irrespective, TMS remains a useful 

non-invasive technique that has the potential to allow us to investigate the state of the 

CNS in burns patients in a clinical setting. 

Finally, future studies should consider the role that TMS itself can play as an 

intervention. As has been discussed in chapter 4, repeated TMS at varying rates can be 

used to manipulate neuroplasticity. One example is TBS, which involves the repeated 

application of short, high frequency, low intensity bursts of rTMS to the motor cortex. 

This has been shown to target specific populations of neurons in the motor cortex, 

modulating the excitability of these neurons (Huang and Rothwell, 2004). In addition, 

the use of TMS in conjunction with another stimulus (such as peripheral stimulation or 

muscle movement) has also been shown to enhance neuroplasticity (Butefisch, 2004, 

Hummel, 2005). This technique has previously been shown to promote greater recovery 

of function in stroke patients (Fraser et al., 2002, Hummel, 2005). The potential 
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ramifications in burns patients, particularly those with severe nerve damage or loss of 

motor function, are worth exploring. Can targeted stimulation at the cortical level drive 

nerve regeneration and healing following peripheral nerve damage after a burn? Can 

TMS be combined with exercise therapy, for example, in order to promote healing and 

better sensory and motor functional outcomes after a burn? 

Further studies are required to help clarify exactly how cortical changes evolve 

following a burn injury. Longitudinal studies will also help to identify which factors, 

such as pain, and/or events, such as surgery and exercise intervention, play a role in 

driving the cortical response to a burn injury. As we develop a greater understanding of 

the factors and watershed moments that contribute to the cortical response to a burn it is 

worth moving on to investigate the role that drivers of brain plasticity, among them 

exercise and TMS itself, can play in promoting better healing and functional outcomes 

following a burn and indeed other peripheral nervous system injuries. 

5.7 Conclusions 

The aims of this study were to investigate the cortical response to a burn injury, and to 

establish the use of TMS as a sensitive tool to measure these changes. There is 

sufficient evidence existing in the literature to support the notion that there is a cortical 

response to peripheral injury. This has been demonstrated through numerous studies, 

investigating areas of cortical representation, and reorganisation of cortical excitatory 

and inhibitory networks both after peripheral injury as well as injuries to the CNS. 

There is also emerging evidence to suggest that the peripheral nerve field response to a 

burn injury is not limited to the peripheral nervous system. The results of the animal 

studies by Morellini et al. and studies in burns patients by Anderson suggest that there is 

a central response driving the changes in the peripheral nerve field that are seen after 

burn injury (Morellini et al., 2012, Anderson, 2007). This study is among the first to 

investigate the response of the CNS to a burn injury. Thirteen upper limb burns patients, 

and twelve uninjured subjects underwent TMS mapping and investigation of the FDI 

muscle of the hand. In addition, the burns patients underwent sensory and motor 

function testing, as well as completing functional quality of life and disability 

questionnaires. In this way a more holistic data set was established for each burn 
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patient. The results were then analysed case by case, as well as by comparing the burns 

patients to each other, and to the uninjured subjects tested. 

There are many limitations involved in clinical research, particularly in a pilot study 

such as this. In this study there was difficulty and bias in subject recruitment. The nature 

of the injury itself contributed to this difficulty. A burn is an incredibly complex injury, 

which varies greatly from mechanism to severity and treatment to outcome between its 

victims. 

There were limitations involved in the methodology. This includes the high degree of 

inter individual variability in TMS results, as well as a high degree of intra individual 

variability that results not only from the testing process, but also the subject matter. The 

brain has been shown to be a plastic organ that is able to reorganise itself in response to 

both experiences (including injury) and its environment. As such, there are infinite 

factors that can contribute to the asymmetry between hemispheres in individuals, and 

the variability in results between subjects tested. 

In light of these issues, the study was conducted primarily as a descriptive study with 

the aims, as described, to establish TMS as a tool and use it to investigate the cortical 

response to an upper limb burn. This has been done, and the protocol as described in the 

methods chapter (chapter 2) has been shown to be a sensitive protocol that can be used 

to measure the cortical response to a burn. These TMS measurements provide 

information regarding not only the topographic organisation of the motor cortex, but 

they are also able to provide information regarding the state of inhibitory and excitatory 

cortical inputs, and thus the plasticity of the cortex in burns patients. This study has 

demonstrated that TMS is a sensitive tool that can be used detect cortical changes in 

response to a burn injury. 

With respect to the TMS results, it has been show that there is a cortical response to a 

burn injury. There are significant results seen when the TMS measurements are 

compared between patients with different burn characteristics and the uninjured 

subjects. It is difficult to draw strong conclusions from all of these due to the limitations 

of the study; however, there are some notable findings that have emerged. 
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The results show that when the burns patients are compared to the uninjured subjects 

tested, the centre of the cortical representation of the FDI muscle of the burn arm is in a 

significantly more medial position when compared to the uninjured subjects. It is to be 

expected that damage to the peripheral nerve field, as caused by the burn injuries in 

these patients, will result in some reorganisation at the level of the cortex. This is 

indicated by this result, suggesting that there is a shifting of the centre of the cortical 

representation of the FDI muscle in the burn arm of these patients. 

What is unclear is the time course of this reorganisation and how it may contribute to 

the functional outcome post burn. Further comparison between patients with differing 

burn characteristics may help to define this; however, what is needed are further studies 

that specifically aim to measure cortical reorganisation in a temporal fashion post burn. 

In addition, the results indicate that the TMS map area is smaller in the burn arm of the 

burns patients compared with the less or uninjured side. Certainly, the result suggesting 

a smaller cortical representation in the burn hand compared with an uninjured side is 

consistent with what might be expected in light of existing evidence that demonstrates 

shrinkage of the cortical representation of a body part that has suffered peripheral nerve 

injury or deafferentation (Chen, 2002). 

The analysis of MEP characteristics including silent period duration and AMT supplied 

more insight into the processes that are contributing to the cortical response to a burn 

injury. The AMT provides an indication of cortical excitability, and the silent period can 

be used to indicate the status of the intracortical inhibitory networks. The results suggest 

that in patients with more recent, less widespread burns there is an increase in excitatory 

inputs and a reduction in inhibitory inputs, compared with those with longer standing, 

more widespread injuries. For example, patients with partial thickness burns, burns of 

less than 10% TBSA, burns sustained less than 2 years ago, and burns involving the 

upper limb only all have shorter silent period duration in the burn arm when compared 

with the uninjured population. In addition, as suggested by calculating interhemispheric 

differences (subtracting the burn arm result from the less/uninjured side) these patients 

have a shorter silent period duration in their burn arm compared with their 
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less/uninjured side. This is in comparison with those who have full thickness burns, 

burns of greater than 10% TBSA, burns sustained longer than 2 years ago and burns 

involving multiple body areas, in whom the burn arm has a longer silent period when 

compared to the less/uninjured side. 

These results may be confounded by the fact that a more widespread burn will result in 

reorganisation in multiple areas of the motor cortex, corresponding to the injured areas, 

whereas a smaller less widespread burn will result in cortical changes that are more 

specific to the target muscle that we have studied. Regardless, some of these differences 

are certainly suggestive. For example, when comparing patients who sustained partial 

thickness burns compared with full thickness burns, the degree of peripheral nerve 

injury, and thus the disruption to the peripheral nerve field differs (Hettiaratchy and 

Dziewulski, 2004). Thus, it may be expected that the TMS findings comparing these 

groups would differ. Factors such as pain, which also differs depending on depth of 

injury, should also be considered to be influencing the cortical response to a burn. 

The difference in relative silent period duration seen between patients with burns 

sustained less than 2 years ago compared with those sustained greater than 2 years ago 

suggests that the cortical response occurs over time. It may be suggested that a 

reduction in intracortical inhibition, as seen by a shorter silent period duration, can 

result in a more favourable environment to promote neuroplasticity. This is worth 

noting when we consider driving neuroplasticity to promote healing and functional 

outcome, as this suggests that this may be best achieved within 2 years of the injury. 

The exercise study helped to shed light on how neuroplasticity may be harnessed to help 

to promote better healing and functional outcomes following a burn. The study 

suggested that a short bout of aerobic exercise, similar to the exercise protocol used in 

the Burns Unit, results in a reduction in intracortical inhibition. This too can result in a 

more favourable neural environment that can allow for neuroplastic changes to occur in 

order to facilitate recovery. 

There is a strong suggestion from the results of this study that there is a cortical 

response to a burn injury, and that the TMS protocol described is a useful and sensitive 
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means by which this response may be measured. The suggestion is that the cortex will 

reorganise itself in such a way that the centre of the cortical map will shift, medially, 

and the TMS produced map area of the burn arm will shrink. In addition, there is an 

increase in excitatory inputs and a reduction in inhibitory inputs in patients with more 

recent, less widespread burns, and the opposite pattern is seen in patients with longer 

standing, more severe burns. Indeed, those with longer standing burns tend to be the 

ones who have more widespread burns, thus these factors may all be contributing. 

Perhaps in those with more widespread burns the disruption of intracortical networks is 

so severe and so widespread that it is impossible to identify an effect using TMS alone. 

The topic warrants further study. Neuronavigational systems or fMRI may help to by 

providing complementary information. Temporal studies will help to clarify the nature 

of the cortical response seen, and how it evolves over time and its relationship to 

clinical improvement. This will also help to shed further light on exactly when and in 

which circumstances to instigate interventions that will help to drive neuroplastic 

changes that can result in better healing and better functional outcomes following a burn 

injury. This study indicates that there is a cortical response to a burn injury. In addition, 

it provides a suggestion that the environment most suitable for neuroplastic changes is 

during the first 2 years post injury, in those with smaller, less widespread burns. Further 

studies will help to clarify this result. 

We now know that the brain’s functional anatomy is able to reorganise itself in response 

to a burn injury. What is yet to be determined are the time course of these changes, and 

whether this reorganisation correlates to the post burn injury outcomes. 
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7 Appendices 

Appendix A: QuickDASH questionnaire 

DISABILITIES OF THE ARM, SHOULDER AND HAND 

THE QuickDASH 

INSTRUCTIONS 

This questionnaire asks about your symptoms as well as your ability to perform certain 

activities. 

Please answer every question, based on your condition in the last week, by circling the 

appropriate number. 

If you did not have the opportunity to perform an activity in the past week, please make 

your best estimate on which response would be the most accurate. 

It doesn’t matter which hand or arm you use to perform the activity; please answer 

based on your ability regardless of how you perform the task. 
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DISABILITIES OF THE ARM, SHOULDER AND HAND 

Please rate your ability to do the following activities in the last week by circling 
the number below the appropriate response. 

 No 

difficulty 

Mild 

difficulty 

Moderate 

difficulty 

Severe 

difficulty 

Unable 

1. Open a tight or new jar 1 2 3 4 5 
2. Write 1 2 3 4 5 
3. Turn a key 1 2 3 4 5 
4. Prepare a meal 1 2 3 4 5 
5. Push open a heavy door 1 2 3 4 5 
6. Place an object on a shelf above 
your head 

1 2 3 4 5 

7. Do heavy household chores (e.g. 
wash walls, wash floors) 

1 2 3 4 5 

8. Garden or do yard work 1 2 3 4 5 
9. Make a bed 1 2 3 4 5 
10. Carry a shopping bag or 
briefcase 

1 2 3 4 5 

11. Carry a heavy object (over 
10lbs) 

1 2 3 4 5 

12. Change a light bulb overhead 1 2 3 4 5 
13. Wash or blow dry your hair 1 2 3 4 5 
14. Wash your back 1 2 3 4 5 
15. Put on a pullover sweater 1 2 3 4 5 
16. Use a knife to cut food 1 2 3 4 5 
17. Recreational activities which 
require little effort (e.g. card 
playing, knitting, etc.) 

1 2 3 4 5 

18. Recreational activities in which 
you take some force or impact 
through your arm, shoulder or 
hand (e.g. gold, hammering, tennis, 
etc.) 

1 2 3 4 5 

19. Recreational activities in which 
you move your arm freely (e.g. 
playing Frisbee, badminton, etc.) 

1 2 3 4 5 

20. Manage transportation needs 
(getting from one place to another) 

1 2 3 4 5 

21. Sexual activities 1 2 3 4 5 
 Not at all Slightly Moderate

ly 

Quite a 

bit 

Extremel

y 

22. During the past week, to what 
extent has your arm, shoulder or 
hand problem interfered with your 

1 2 3 4 5 
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DASH DISABILITY/SYMPTOM SCORE = {[(sum of n responses)/n] -1} x 
25, where n is equal to the number of completed responses. 
A DASH score may not be calculated if there are greater than 3 missing 
items. 

normal social activities with family, 
friends, neighbours or groups? 
(circle number) 
 Not 

limited 

at all 

Slightly 

limited 

Moderat

ely 

limited 

Very 

limited 

Unable 

23. During the past week, were you 
limited in your work or other 
regular daily activities as a result of 
your arm, shoulder or hand 
problem? (circle number) 

1 2 3 4 5 

Please rate the severity of the 
following symptoms in the last week. 
(circle number) 

     

 None Mild Moderate Severe Extreme 

24. Arm, shoulder or hand pain 1 2 3 4 5 
25. Arm, shoulder, or hand pain 
when you performed any specific 
activity. 

1 2 3 4 5 

26. Tingling (pins and needles) in 
your arm, shoulder or hand. 

1 2 3 4 5 

27. Weakness in your arm, shoulder 
or hand. 

1 2 3 4 5 

28. Stiffness in your arm, shoulder 
or hand. 

1 2 3 4 5 

 No 

difficulty 

Mild 

difficulty 

Moderate 

difficulty 

Severe 

difficulty 

So much 

difficulty 

that I 

can’t 

sleep 

29. During the past week, how 
much difficulty have you had 
sleeping because of the pain in your 
arm, shoulder or hand? (circle 
number) 

1 2 3 4 5 

 Strongly 

disagree 

Disagree Neither 

agree nor 

disagree 

Agree Strongly 

agree 

30. I feel less capable, less confident 
or less useful because of my arm, 
shoulder or hand problem. (circle 
number) 

1 2 3 4 5 
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DISABILITIES OF THE ARM, SHOULDER AND HAND 
WORK MODULE (OPTIONAL) 
The following questions ask about the impact of your arm, shoulder or hand 
problem on your ability to work (including homemaking if that is your main 
work role). 
Please indicate what your job/work is: ________________________________ 
/I do not work (you may skip this section.) 
Please circle the number that best describes your physical ability in the past 
week. Did you have any difficulty: 
 

 No 

difficulty 

Mild 

difficulty 

Moderate 

difficulty 

Severe 

difficulty 

Unable 

1. using your usual technique for 
your work? 

1 2 3 4 5 

2. doing your usual work because 
of arm, shoulder or hand pain? 

1 2 3 4 5 

3. doing your work as well as you 
would like? 

1 2 3 4 5 

4. spending your usual amount of 
time doing your work? 

1 2 3 4 5 

 
SPORTS/PERFORMING ARTS MODULE (OPTIONAL) 
The following questions relate to the impact of your arm, shoulder or hand 
problem on playing your musical instrument or sport or both. 
If you play more than one sport or instrument (or play both), please answer with 
respect to that activity which is most important to you. 
Please indicate the sport or instrument which is most important to you: 
_____________________________________ 
/ I do not play a sport or an instrument. (You may skip this section) 
Please circle the number that best describes your physical ability in the past 
week. Did you have any difficulty: 
 

 No 

difficulty 

Mild 

difficulty 

Moderate 

difficulty 

Severe 

difficulty 

Unable 

1. using your usual technique for 
playing your instrument or sport 

1 2 3 4 5 

2. playing your musical instrument 
or sport because of arm, shoulder or 
hand pain? 

1 2 3 4 5 

3. playing your musical instrument 
or sport as well as you would like? 

1 2 3 4 5 

4. spending your usual amount of 
time practising or playing your 
instrument or sport? 

1 2 3 4 5 
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SCORING THE OPTIONAL MODULES: Add up assigned values for each 
response; divide by 4 (the number of items); subtract 1; multiply by 25. 

An optional module score may not be calculated if there are any missing items. 
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Appendix B: Burn Specific Health Scale _– Brief Version 

Burn Specific Health Scale (Brief Version) 
Kildal M, Andersson G, Fugl-Meyer AR, Lannerstam K, Gerdin B 2001, 
‘Development of a Brief Version of the Burn Specific Health Scale (BSHS)’, 
Journal of Trauma, Injury, Infection and Critical Care, vol 51, pp. 740-746 
 

How much difficulty do you have: 
1. Bathing 
independently? 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

2. Dressing by 
yourself? 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

3. Getting in and 
out of a chair? 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

4. Signing your 
name? 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

5. Eating with 
utensils? 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

6. Tying 
shoelaces/bows 
etc.? 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

7. Picking up coins 
from a flat 
surface? 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

8. Unlocking a 
door? 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

9. Working in 
your old job 
performing your 
old duties? 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

To what extent does each of the following statements describe you? 
10. I am troubled 
by feelings of 
loneliness. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

11. I often feel sad 
or blue. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

12. At times, I 
think I have had 
an emotional 
problem. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

13. I am not 
interested in doing 
things with my 
friends.  

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

14. I don’t enjoy Extremely Quite a Moderate A little None (4) 
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visiting people. (0) bit (1) (2) bit (3) 
15. I have no one 
to talk to about my 
problems. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

16. I have feelings 
of being caught or 
trapped. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

17. My injury has 
put me further 
away from my 
family. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

18. I would rather 
be alone than with 
my family. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

19. I don’t like the 
way my family 
acts around me. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

20. My family 
would be better off 
without me. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

21. I feel 
frustrated because 
I cannot be 
sexually aroused 
as well as I used 
to. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

22. I am simply 
not interested in 
sex anymore. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

23. I no longer 
hug, hold or kiss. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

24. Sometimes, I 
would like to 
forget that my 
appearance has 
changed. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

25. I feel that my 
burn is 
unattractive to 
others. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

26. My general 
appearance really 
bothers me. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

27. The 
appearance of my 
scars bothers me. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 



– 175 – 

28. Being out in 
the sun bothers 
me. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

29. Hot weather 
bothers me. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

30. I can’t get out 
and do things in 
hot weather. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

31. It bothers me 
that I can’t get out 
in the sun. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

32. My skin is 
more sensitive 
than before. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

33. Taking care of 
my skin is a 
bother. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

34. There are 
things that I’ve 
been told to do for 
my burn that I 
dislike doing. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

35. I wish that I 
didn’t have to do 
so many things to 
take care of my 
burn. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

36. I have a hard 
time doing all the 
things I’ve been 
told to take care of 
my burn. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

37. Taking care of 
my burn makes it 
hard to do other 
things that are 
important to me. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

38. My burn 
interferes with my 
work. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

39. Being burned 
has affected my 
ability to work. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 

40. My burn has 
caused problems 
with my working. 

Extremely 
(0) 

Quite a 
bit (1) 

Moderate 
(2) 

A little 
bit (3) 

None (4) 
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Appendix C: TMS raw data results for burns patients 

TMS testing results for all burns patients. 

Patient Arm 

TMS Threshold 

(% stimulus intensity) 

TMS Optimal 

Site X (cm from vertex) 

TMS Optimal 

Site Y (cm from vertex) 

COG X 

(cm from vertex) 

COG Y 

(cm from vertex) 

Map  

Area (cm2) 

MEP Amplitude 

(mV) 

Silent Period 

(ms) Latency (ms) 

1 Less injured 55 -6.49 0.37 -6.5 0.45 21.1 9.44 159 25.6 

1 Burn 60 5.93 2.88 5.82 2.79 21.3 5.18 225 22.0 

2 Less injured 43 5.67 0.37 6.04 0.79 24.2 4.10 141 22.0 

2 Burn 58 -5.35 1.04 -5.66 0.95 23.6 3.14 157 20.6 

3 Less injured 40 4.78 1.04 5.02 1.04 26.2 3.20 128 21.8 

3 Burn 45 -4.02 1.22 -4.58 0.87 28.0 2.16 121 23.6 

4 Less injured 90 6.68 2.67 7.29 2.4 23.4 1.50 59.9 22.1 

4 Burn 90 -4.86 2.27 -4.94 1.64 15.3 0.82 98.9 20.9 

5 Less injured 60 5.84 2.24 5.54 1.98 16.7 5.82 135 19.7 

5 Burn 55 -5.41 -0.04 -5.49 0.04 22.3 7.18 137 20.3 

6 Less injured 40 3.18 -0.04 3.62 -0.46 19.3 7.02 139 22.4 

6 Burn 45 -4.01 -0.12 -4.29 -0.54 19.2 4.87 180 22.0 

7 Less injured 48 6.59 1.2 6.28 1.63 27 5.21 153 23.4 

7 Burn 55 -6.42 0.54 -6.19 0.7 24.3 7.38 150 21.8 

8 Less injured 63 -4.92 0.21 -5.16 0.04 24.1 5.69 124 21.8 

8 Burn 63 4.1 1.48 4.28 1.3 20.98 3.47 129 19.6 

9 Less injured 65 -6.88 0.95 -6.67 1.2 22.8 2.02 107 24.1 

9 Burn 85 6.36 1.63 6.28 1.63 23.9 1.23 76.7 24.0 

10 Less injured 50 4.8 -0.7 5.02 -1.04 24.5 4.24 159 20.5 
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10 Burn 40 -4.76 -0.96 -4.98 -1.21 25.4 6.59 150 19.8 

11 Less injured 55 5.37 0.7 5.3 0.79 29.9 4.22 152 24.5 

11 Burn 43 -5.52 0.54 -5.77 0.54 26.1 5.67 115 22.1 

12 Less injured 50 6.19 0.7 5.26 1.04 29.7 8.61 132 21.1 

12 Burn 35 -5.59 -0.37 -5.17 -0.29 16.3 8.00 88.1 21.0 

13 Less injured 55 4.42 2.88 5.23 2.26 35 7.84 132 24.8 

13 Burn 43 -5.5 1.38 -5.36 1.46 15 6.33 103 25.4 
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Appendix D: TMS raw data results for uninjured subjects 

TMS testing results for all uninjured subjects tested 

Subject Arm 

TMS 

Threshold 

(% 

stimulus 

intensity) 

TMS 

Optimal 

Site X 

(cm from 

vertex) 

TMS 

Optimal 

Site Y 

(cm from 

vertex) 

COG X 

(cm from 

vertex) 

COG Y 

(cm from 

vertex) 

Map Area 

(cm2) 

MEP 

Amplitud

e (mV) 

Silent 

Period(m

s) 

Latency 

(ms) 

1 Left 50 6.04 2.15 6.06 1.98 20.5 3.42 119 24.0 

1 Right 55 -5.85 1.12 -5.3 1.21 23.7 5.43 136 24.5 

2 Left 74 7.57 0.45 6.66 1.12 94.3 5.90 228 20.8 

2 Right 78 -4.89 1.73 -5.33 -0.12 82.6 0.67 184 20.8 

3 Left 50 6.24 0.04 6.24 -0.04 28.7 5.13 148 22.9 

3 Right 55 -6.32 -0.12 -6.07 -0.04 18.4 3.03 153 23.7 

4 Left 65 4.56 1.13 4.58 1.21 19.1 5.62 146 23.9 

4 Right 57 -7.09 0.62 -6.92 0.54 28.5 9.87 173 25.3 

5 Left 48 6.8 1.46 6.92 1.2 38.1 4.55 114 20.2 

5 Right 53 -6.61 -1.29 -6.3 -0.87 51 4.57 130 19.6 

6 Left 48 4.52 0.96 5.02 1.04 20.1 7.13 77.7 21.7 

6 Right 48 -4.28 0.96 -4.54 0.62 21.7 3.91 144 21.4 

7 Left 44 5.59 -1.04 5.75 -1.04 23.3 4.14 102 21.5 

7 Right 40 -5.16 -0.12 -5.25 -0.12 19.8 4.78 136 21.8 

8 Left 50 6.35 1.78 6.7 1.71 26.9 5.59 161 24.5 

8 Right 40 -5.32 -0.87 -5.6 0.54 22.3 5.26 122 24.5 

9 Left 38 5.47 0.79 5.38 0.79 21.7 9.65 188 21.8 

9 Right 40 -5.71 0.79 -6.08 0.29 27.8 9.33 141 22.6 

10 Left 38 7.24 1.2 7.23 1.12 29.6 7.07 173 20.3 

10 Right 40 -5.75 1.04 -5.97 0.87 27.5 8.64 198 20.0 

11 Left 45 5.74 1.38 5.72 1.29 13.4 3.52 158 22.5 

11 Right 43 -6.38 1.71 -6.26 1.54 19.1 6.30 152 21.6 

12 Left 45 6.06 4.05 5.95 3.86 16 2.64 128 20.4 

12 Right 45 -5.99 2.42 -4.83 2 28.5 8.67 126 19.0 
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Appendix E: Sensory testing raw data results 

Sensory testing results for those patients who underwent the complete testing protocol. 

Light touch threshold is presented as log force; sharp touch score is given as a score out 

of 5; and two point discrimination is given in mm. 

Patient  

Light touch 

threshold  

(log force (g)) 

Sharp Touch Score 

(/5) 

Two point 

discrimination 

(mm) 

1 Less injured 3.298 5 25 

1 Burn 6.65 0 50 

3 Less injured 2.83 5 40 

3 Burn 2.83 5 10 

4 Less injured 2.83 3 35 

4 Burn 3.87 2 20 

5 Less injured 2.83 5 5 

5 Burn 2.83 5 10 

6 Less injured 4.36 4 10 

6 Burn 6.65 1 70 

7 Less injured 3.28 1 35 

7 Burn 3.73 4 5 

8 Less injured 2.83 5 20 

8 Burn 3.61 5 25 
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Appendix F: TMS results by patient group 

TMS testing results by burn injury characteristic patient groups. 

Category  Optimal site x (cm) Optimal site y (cm) COG x (cm) COG y (cm) Map area (cm2) MEP amp (mV) Threshold Silent Period (ms) Latency (ms) 

Uninjured Left 6.02 1.2 6.02 1.19 29.3 5.36 49.7 148 22.2 

 Right 5.78 0.8 5.79 0.56 30.9 5.87 49.8 150 22.2 

 Interhemispheric differences 0.24 0.4 0.22 0.63 -1.6 -0.51 -0.08 -2.65 -0.01 

Uninjured Male Left 5.56 0.91 5.68 0.87 21.7 5.52 48.9 136 23.0 

 Right 5.72 0.73 5.75 0.57 22.7 5.99 47.6 145 23.2 

 Interhemispheric differences -0.15 0.18 -0.07 0.3 -0.96 -0.46 1.25 -8.97 -0.19 

Uninjured Female Left 6.92 1.79 6.69 1.83 44.5 5.04 51.3 170 20.4 

 Right 5.81 0.93 5.88 0.53 47.4 5.64 54 160 20.1 

 Interhemispheric differences 1.12 0.86 0.81 1.3 -2.9 -0.6 -2.5 9.98 0.34 

Uninjured Right hand dominant Left 5.82 1.31 5.92 1.24 22.0 4.92 48.4 133 22.6 

 Right 5.79 0.92 5.76 0.82 23.2 6.2 47.3 150 22.5 

 Interhemispheric differences 0.02 0.38 0.16 0.41 -1.3 -1.29 1.11 -15.9 0.1 

Uninjured Left hand dominant Left 6.61 0.9 6.32 1.04 51.3 6.7 53.3 189 21.0 

 Right 5.74 0.41 5.9 -0.23 53.8 4.86 57 152 21.3 

 Interhemispheric differences 0.88 0.49 0.42 1.27 -2.47 1.84 -3.67 36.9 -0.35 

Burn patients Less/uninjured arm 5.52 0.97 5.61 0.93 24.9 5.3 54.9 133 22.6 

 Burn arm 5.22 0.88 5.29 0.76 21.7 4.77 55.2 133 21.8 

 Interhemispheric differences 0.31 0.08 0.32 0.17 3.24 0.53 -0.23 -0.62 0.84 

Unilateral burn Less/uninjured arm 5.76 0.97 5.75 0.95 24.9 6.01 54 138 22.5 

 Burn arm 5.56 0.79 5.54 0.77 21.1 5.38 53.7 134 21.9 

 Interhemispheric differences 0.2 0.18 0.21 0.19 3.73 0.63 0.29 4.22 0.68 
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Category  Optimal site x (cm) Optimal site y (cm) COG x (cm) COG y (cm) Map area (cm2) MEP amp (mV) Threshold Silent Period (ms) Latency (ms) 

Bilateral burns Less/uninjured arm 5.25 0.96 5.45 0.91 25.0 4.47 56 126 22.7 

 Burn arm 4.82 0.99 5.01 0.75 22.3 4.06 56.8 132 21.7 

 Interhemispheric differences 0.43 -0.03 0.44 0.16 2.66 0.41 -0.83 -6.26 1.02 

UL only; unilateral burn Uninjured arm 5.31 1.28 5.26 1.06 26.5 6.63 53.8 140 21.5 

 Burn arm 5.32 0.0025 5.25 0 19.8 7.03 43.3 120 21.6 

 Interhemispheric differences -0.0025 1.28 0.01 1.06 6.74 -0.4 10.5 20.2 -0.09 

UL only; bilateral burn Less injured arm 5.15 0.46 5.23 0.42 27 4.96 59 138 23.2 

 Burn arm 4.81 1.01 5.03 0.92 23.6 4.57 53 122 20.8 

 Interhemispheric differences 0.34 -0.56 0.21 -0.51 3.44 0.39 6 16.2 2.32 

Multiple burn location Less/uninjured arm 5.75 0.94 5.92 1.01 23.4 4.64 54.4 127 23.1 

 Burn arm 5.28 1.25 5.39 1.15 22.2 3.54 62.6 144 22.1 

 Interhemispheric differences 0.47 -0.41 0.52 -0.14 1.18 1.1 -8.14 -17.3 0.95 

Upper limb burn only Less/uninjured arm 5.26 1.01 5.25 0.85 26.7 6.07 55.5 139 22.1 

 Burn arm 5.15 0.34 5.18 0.31 21.0 6.21 46.5 120 21.4 

 Interhemispheric differences 0.11 0.67 0.08 0.54 5.64 -0.14 9 18.9 0.72 

Full thickness burn Less/uninjured arm 5.29 0.58 5.61 0.34 22.1 5.55 58.8 129 22.6 

 Burn arm 4.89 1.02 5.01 0.67 22.3 4.37 58.8 164 21.2 

 Interhemispheric differences 0.4 -0.44 0.6 -0.33 -0.24 1.18 0 -34.2 1.49 

Partial thickness burn Less/uninjured arm 5.63 1.14 5.61 1.2 26.2 5.19 53.2 134 22.6 

 Burn arm 5.36 0.82 5.42 0.8 22.3 4.95 53.6 120 22.0 

 Interhemispheric differences 0.27 0.32 0.19 0.4 3.9 0.24 -0.33 14.3 0.55 

>10% TBSA Less/uninjured arm 5.92 0.92 5.92 1.01 22.9 4.88 56.8 127 23.3 

 Burn arm 5.49 1.37 5.39 1.15 21.3 3.77 65.6 148 21.9 

 Interhemispheric differences 0.43 -0.45 0.52 -0.14 1.67 1.11 -8.67 -21.4 1.4 

<10%TBSA Less/uninjured arm 5.19 1.01 5.25 0.85 26.6 5.66 53.3 138 22.0 

 Burn arm 4.99 0.46 5.18 0.31 22.0 5.63 46.3 120 21.7 

 Interhemispheric differences 0.2 0.55 0.08 0.54 4.59 0.03 7 17.2 0.36 
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Category  Optimal site x (cm) Optimal site y (cm) COG x (cm) COG y (cm) Map area (cm2) MEP amp (mV) Threshold Silent Period (ms) Latency (ms) 

>2years post burn Less/uninjured arm 5.6 1.12 5.76 1.12 22.6 5.18 53.7 131 22.4 

 Burn arm 5.14 1.11 5.28 0.92 22.0 4.39 58.3 153 21.6 

 Interhemispheric differences 0.46 0.01 0.47 0.2 0.56 0.79 -4.57 -22.1 0.85 

<2years post burn Less/uninjured arm 5.43 0.79 5.44 0.72 27.7 5.44 56.3 135 22.8 

 Burn arm 5.31 0.62 5.31 0.57 21.3 5.21 51.5 110 22.0 

 Interhemispheric differences 0.13 0.17 0.13 0.14 6.37 0.22 4.83 24.4 0.83 

Sensory deficit Less/uninjured arm 5.57 0.88 5.77 0.81 22.5 5.77 59.2 127 23.1 

 Burn arm 5.06 1.41 5.1 1.18 20.4 4.34 62.6 157 21.2 

 Interhemispheric differences 0.51 -0.53 0.67 -0.37 2.04 1.43 -3.4 -29.7 1.83 

No sensory deficit Less/uninjured arm 5.31 1.64 5.28 1.51 21.5 4.51 50 132 20.8 

 Burn arm 4.72 0.59 5.04 0.46 25.1 4.67 50 129 21.9 

 Interhemispheric differences 0.59 1.05 0.25 1.06 -3.62 -0.16 0 2.56 -1.18 

Surgery Less/uninjured arm 5.71 0.88 5.72 0.9 23.5 5.11 54.1 132 22.3 

 Burn arm 5.27 0.81 5.34 0.66 22.0 4.65 56.8 139 21.6 

 Interhemispheric differences 0.44 0.07 0.38 0.25 1.53 0.46 -2.7 -6.99 0.69 

No surgery Less/uninjured arm 4.9 1.26 5.23 1.03 29.7 5.92 57.7 136 23.7 

 Burn arm 5.04 1.13 5.14 1.1 20.7 5.16 49.7 115 22.4 

 Interhemispheric differences -0.14 0.13 0.09 -0.07 8.96 0.76 8 20.6 1.35 

Functional deficit Less/uninjured arm 5.59 0.67 5.63 0.71 25.0 4.73 56 130 22.4 

 Burn arm 5.22 0.67 5.28 0.52 21.7 4.57 57.1 127 21.3 

 Interhemispheric differences 0.37 0 0.34 0.19 3.29 0.16 -1.11 2.67 1.13 

No functional deficit Less/uninjured arm 5.38 1.63 5.57 1.43 24.8 6.57 52.5 139 23.0 

 Burn arm 5.22 1.36 5.31 1.29 21.6 5.21 50.8 147 22.8 

 Interhemispheric differences 0.17 0.27 0.26 0.14 3.13 1.36 1.75 -8 0.18 

Male burns Less/uninjured arm 5.56 1 5.67 1.02 25.7 5.35 54.9 130 23.1 

 Burn arm 5.24 1.14 5.3 1 21.3 4.39 56.6 131 22.1 

 Interhemispheric differences 0.32 -0.14 0.37 0.01 4.41 0.96 -1.64 -1.4 0.98 
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Category  Optimal site x (cm) Optimal site y (cm) COG x (cm) COG y (cm) Map area (cm2) MEP amp (mV) Threshold Silent Period (ms) Latency (ms) 

Female burns Less/uninjured arm 5.32 0.77 5.28 0.47 20.6 5.03 55 148 20.1 

 Burn arm 5.09 -0.5 5.24 -0.59 23.8 6.89 47.5 144 20.0 

 Interhemispheric differences 0.24 1.27 0.04 1.06 -3.19 -1.86 7.5 3.66 0.04 

Dominant side burn Less/uninjured arm 5.33 0.9 5.39 0.85 24.9 6.16 49 142 22.4 

 Burn arm 5.22 0.62 5.28 0.53 21.7 5.65 48.4 146 21.8 

 Interhemispheric differences 0.11 0.28 0.11 0.32 3.15 0.52 0.56 -3.63 0.55 

Non dominant side burn Less/uninjured arm 5.96 1.13 6.11 1.11 25.0 3.36 68.3 111 23.1 

 Burn arm 5.21 1.48 5.32 1.28 21.6 2.8 70.3 105 21.6 

 Interhemispheric differences 0.75 -0.35 0.79 -0.17 3.44 0.56 -2 6.15 1.49 
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Appendix G: Group Comparison Results 

Raw data T-test tables as referred to in chapter 3 – Results. 

TMS Map Position 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  Burn X Uninjured X 

Mean 5.22 5.90 

Variance 0.68 0.73 

Observations 13 24 

Hypothesized Mean 

Difference 0  

Df 26  

t Stat -2.37  

P(T<=t) two-tail 0.03  

t Critical two-tail 2.06   

Table 7.1 Optimal site x coordinate; burn arm vs uninjured population 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  Burn X Uninjured X 

Mean 5.29 5.91 

Variance 0.44 0.50 

Observations 13 24 

Hypothesized Mean 

Difference 0  

Df 26  

t Stat -2.63  

P(T<=t) two-tail 0.01  

t Critical two-tail 2.06   

Table 7.2 COG x coordinate; burn arm vs uninjured population 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm, burns 

patients 

Uninjured 

subjects 

Mean 5.52 5.90 

Variance 1.17 0.73 

Observations 13 24 

Hypothesized Mean 

Difference 0  

Df 20  

t Stat -1.08  

P(T<=t) two-tail 0.29  

t Critical two-tail 2.09   

Table 7.3 Optimal site x coordinate; less/uninjured arm in burns patients vs uninjured 
population 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Burns 

patients 

Uninjured 

subjects 

Mean 0.62 0.82 

Variance 0.22 0.88 

Observations 13 12 

Hypothesized Mean 

Difference 0  

df 16  

t Stat -0.65  

P(T<=t) two-tail 0.53  

t Critical two-tail 2.12   

Table 7.4 Comparing the interhemispheric differences in optimal site x coordinate in the burns 
patients with the uninjured subjects 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Burns 

patients 

Uninjured 

subjects 

Mean 0.51 0.82 

Variance 0.38 0.38 

Observations 13 12 

Hypothesized Mean 

Difference 0  

df 23  

t Stat -1.24  

P(T<=t) one-tail 0.11  

t Critical one-tail 1.71  

P(T<=t) two-tail 0.23  

t Critical two-tail 2.07   

Table 7.5 Comparing the interhemispheric differences in COG x coordinate in the burns 
patients with the uninjured subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  Male Female 

Mean 5.56 6.92 

Variance 0.49 0.43 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 7  

t Stat -3.30  

P(T<=t) two-tail 0.01  

t Critical two-tail 2.36   

Table 7.6 Comparing the left hand optimal site x coordinate between male and female 
uninjured subjects 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  Male Female 

Mean 5.68 6.69 

Variance 0.46 0.30 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 8  

t Stat -2.77  

P(T<=t) two-tail 0.02  

t Critical two-tail 2.31   

Table 7.7 Comparing the left hand COG x coordinate between uninjured male and female 
subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper limbs 

burn Uninjured 

Mean 5.15 5.90 

Variance 0.36 0.73 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 11  

t Stat -2.52  

P(T<=t) two-tail 0.03  

t Critical two-tail 2.20   

Table 7.8 Comparing x coordinate in patients with upper limb burns only with uninjured 
subjects 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper limb 

burns only Uninjured 

Mean 5.18 5.91 

Variance 0.27 0.50 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 10  

t Stat -2.87  

P(T<=t) two-tail 0.02  

t Critical two-tail 2.23   

Table 7.9 Comparing COG x coordinate in patients with upper limb burns only with 
uninjured subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  <10% TBSA Uninjured 

Mean 4.99 5.90 

Variance 0.48 0.73 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 12  

t Stat -2.91  

P(T<=t) two-tail 0.01  

t Critical two-tail 2.18   

Table 7.10 Comparing the optimal site x coordinate in patients with <10% TBSA burn with 
uninjured subjects 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  <10% TBSA Uninjured 

Mean 5.09 5.91 

Variance 0.27 0.50 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 13  

t Stat -3.34  

P(T<=t) two-tail 0.01  

t Critical two-tail 2.16   

Table 7.11 Comparing the COG x coordinate in patients with <10% TBSA burn with uninjured 
subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

upper limb 

burn Uninjured 

Mean 5.32 5.90 

Variance 0.14 0.73 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 9  

t Stat -2.27  

P(T<=t) two-tail 0.05  

t Critical two-tail 2.26   

Table 7.12 Comparing the optimal site x coordinate in burn arm of patients with unilateral 
upper limb burn with uninjured subjects 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

upper limb 

burn  Uninjured 

Mean 5.25 5.91 

Variance 0.05 0.50 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 16  

t Stat -3.60  

P(T<=t) two-tail 0.002  

t Critical two-tail 2.12   

Table 7.13 Comparing the COG x coordinate in burn arm of patients with unilateral upper 
limb burn with uninjured subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  Bilateral Uninjured 

Mean 4.82 5.90 

Variance 0.97 0.73 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 7  

t Stat -2.45  

P(T<=t) two-tail 0.04  

t Critical two-tail 2.36   

Table 7.14 Comparing the optimal site x coordinate in “burn” arm in patients with bilateral 
burn with all optimal site x coordinate values for uninjured subjects 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  Bilateral Uninjured 

Mean 5.01 5.91 

Variance 0.64 0.50 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 7  

t Stat -2.51  

P(T<=t) two-tail 0.04  

t Critical two-tail 2.36   

Table 7.15 Comparing COG x coordinate in “burn” arm in patients with bilateral burn with all 
COG x coordinate values for uninjured subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery Uninjured 

Mean 5.34 5.91 

Variance 0.44 0.50 

Observations 10 24 

Hypothesized Mean 

Difference 0  

Df 18  

t Stat -2.22  

P(T<=t) two-tail 0.04  

t Critical two-tail 2.10   

Table 7.16 Comparing the COG x coordinate in burn arm of patients who received surgery with 
uninjured subjects 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Functional 

deficit; burn 

arm Uninjured 

Mean 5.28 5.91 

Variance 0.55 0.50 

Observations 9 24 

Hypothesized Mean 

Difference 0  

df 14  

t Stat -2.17  

P(T<=t) two-tail 0.05  

t Critical two-tail 2.14   

Table 7.17 Comparing the COG x coordinate in burn arm of patients who report a functional 
deficit with uninjured subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  Left y Right y 

Mean 1.04 -0.23 

Variance 0.05 0.35 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 3.51  

P(T<=t) two-tail 0.04  

t Critical two-tail 3.18   

Table 7.18 Comparing the left hand COG y coordinate with right hand y coordinate in 
uninjured left hand dominant subjects 
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TMS Map Area 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 27.7 21.3 

Variance 21.8 22.3 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 2.35  

P(T<=t) two-tail 0.04  

t Critical two-tail 2.23   

Table 7.19 Comparing the TMS map area less/uninjured side vs burn arm in patients with burn 
sustained <2 years ago 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 25.7 21.3 

Variance 20.3 19.3 

Observations 11 11 

Hypothesized Mean 

Difference 0  

Df 20  

t Stat 2.32  

P(T<=t) two-tail 0.03  

t Critical two-tail 2.09   

Table 7.20 Comparing less/uninjured side vs burn arm in male burn patients 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 24.9 21.7 

Variance 23.1 17.4 

Observations 13 13 

Hypothesized Mean 

Difference 0  

Df 24  

t Stat 1.84  

P(T<=t) one-tail 0.04  

t Critical one-tail 1.71  

P(T<=t) two-tail 0.08  

t Critical two-tail 2.06   

Table 7.21 Comparing map area in burn arm with less/uninjured arm in burn patients 
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MEP amplitude 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple 

locations; 

burn arm 

Upper limb 

burns only; 

burn arm 

Mean 3.54 6.21 

Variance 5.66 2.43 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat -2.42  

P(T<=t) two-tail 0.04  

t Critical two-tail 2.23   

Table 7.22 Comparing the average MEP amplitude in the burn arm of patients with burn 
injuries involving multiple locations with patients with upper limb burns only 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male burn; 

burn arm 

Female burn; 

burn arm 

Mean 4.39 6.89 

Variance 5.84 0.17 

Observations 11 2 

Hypothesized Mean 

Difference 0  

Df 11  

t Stat -3.19  

P(T<=t) two-tail 0.01  

t Critical two-tail 2.20   

Table 7.23 Comparing the average amplitude of the MEPs recorded from the estimated map 
centre in the burn arm of the male burn patients compared with the burn arm of the female burn 
patients 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  Male burn Female burn 

Mean 0.96 -1.86 

Variance 2.99 0.50 

Observations 11 2 

Hypothesized Mean 

Difference 0  

Df 4  

t Stat 3.91  

P(T<=t) two-tail 0.02  

t Critical two-tail 2.78   

Table 7.24 Comparing the interhemispheric differences (less/uninjured arm – burn arm value) 
between the male and female burns patients. The difference is significantly greater in the male 
patients 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

upper limb 

burn; burn 

arm 

Uninjured 

 

Mean 7.03 5.62 

Variance 0.55 5.62 

Observations 4 24 

Hypothesized Mean 

Difference 0  

Df 16  

t Stat 2.31  

P(T<=t) two-tail 0.03  

t Critical two-tail 2.12   

Table 7.25 Comparing the average MEP amplitude at the estimated map centre of the FDI on 
the burn arm of patients with unilateral upper limb burns only with the uninjured subjects tested 



– 197 – 

Silent Period 

 

 

Table 7.26 Comparing the interhemispheric differences in silent period (left hand-right hand) 
between left and right hand dominant uninjured subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full thickness 

burn 

Partial 

thickness burn 

Mean -34.2 14.3 

Variance 1.05x10ˆ3 456 

Observations 4 9 

Hypothesized Mean 

Difference 0  

Df 4  

t Stat -2.79  

P(T<=t) two-tail 0.05  

t Critical two-tail 2.78   

Table 7.27 Comparing the interhemispheric differences in silent period duration (less/uninjured 
side silent period-burn arm silent period), in full thickness burn patients compared with partial 
thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant 

Left hand 

dominant 

Mean -15.9 36.9 

Variance 1.06x10ˆ3 245 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 8  

t Stat -3.73  

P(T<=t) two-tail 0.01  

t Critical two-tail 2.31   
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Partial 

thickness Uninjured 

Mean 120 149 

Variance 845 1.05x10ˆ3 

Observations 8 24 

Hypothesized Mean 

Difference 0  

Df 13  

t Stat -2.40  

P(T<=t) two-tail 0.03  

t Critical two-tail 2.16   

Table 7.28 Comparing burn arm silent period duration in subjects with partial thickness burn 
with silent period duration in uninjured subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple burn 

locations Upper limb  

Mean -17.3 18.9 

Variance 1.13x10ˆ3 434 

Observations 7 6 

Hypothesized Mean 

Difference 0  

Df 10  

t Stat -2.36  

P(T<=t) two-tail 0.04  

t Critical two-tail 2.23   

Table 7.29 Comparing interhemispheric differences, for silent period duration, between patients 
with multiple burn location and those with upper limb burn only 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  Upper limb Uninjured 

Mean 120 149 

Variance 529 1.05x10ˆ3 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 11  

t Stat -2.48  

P(T<=t) two-tail 0.03  

t Critical two-tail 2.20   

Table 7.30 Comparing the silent period duration in burn arm of patients with upper limb burns 
only with uninjured subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  >10% TBSA <10% TBSA 

Mean -21.4 17.2 

Variance 1.22x10ˆ3 381 

Observations 6 7 

Hypothesized Mean 

Difference 0  

Df 8  

t Stat -2.41  

P(T<=t) two-tail 0.04  

t Critical two-tail 2.31   

Table 7.31 Comparing the interhemispheric differences (less/uninjured side-burn arm) in silent 
period duration between patients with >10% TBSA burn and those <10% TBSA 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  <10% TBSA Uninjured 

Mean 120 149 

Variance 441 1.05x10ˆ3 

Observations 7 24 

Hypothesized Mean 

Difference 0  

Df 15  

t Stat -2.75  

P(T<=t) two-tail 0.01  

t Critical two-tail 2.13   

Table 7.32 Comparing the silent period duration in the burn arm of patients with <10% TBSA 
burn with uninjured subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  >2 years <2 years 

Mean 153 110 

Variance 1.70x10ˆ3 731 

Observations 7 6 

Hypothesized Mean 

Difference 0  

Df 10  

t Stat 2.23  

P(T<=t) two-tail 0.05  

t Critical two-tail 2.23   

Table 7.33 Comparing silent period in burn arm in patients who sustained a burn >2 years ago 
with those who sustained their injury <2 years ago 



– 201 – 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  >2years <2years 

Mean -22.1 24.4 

Variance 751 340 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat -3.63  

P(T<=t) two-tail 0.01  

t Critical two-tail 2.23   

Table 7.34 Comparing the interhemispheric differences (less/uninjured side-burn arm) in silent 
period duration in patients with burn injury sustained >2 years ago with those who sustained their 
injury <2 years ago 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  <2years Uninjured 

Mean 110 149 

Variance 731 1.05x10ˆ3 

Observations 6 24 

Hypothesized Mean 

Difference 0  

Df 9  

t Stat -2.99  

P(T<=t) two-tail 0.02  

t Critical two-tail 2.26   

Table 7.35 Comparing the silent period duration in burn arm of patients with an injury 
sustained <2 years ago with uninjured subjects 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  Dominant 

Non 

dominant 

Mean 146 105 

Variance 1.70x10ˆ3 505 

Observations 9 4 

Hypothesized Mean 

Difference 0  

Df 10  

t Stat 2.31  

P(T<=t) two-tail 0.04  

t Critical two-tail 2.23   

Table 7.36 Comparing silent period duration in the burn arm in patients who were burned on 
their dominant upper limb compared with those burned on their non-dominant limb 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  No surgery Uninjured 

Mean 115 149 

Variance 175 1.05x10ˆ3 

Observations 3 24 

Hypothesized Mean 

Difference 0  

Df 6  

t Stat -3.30  

P(T<=t) two-tail 0.02  

t Critical two-tail 2.45   

Table 7.37 Comparing the silent period duration in the burn arm of patients who did not 
receive surgery with uninjured subjects 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery Uninjured 

Mean 139 149 

Variance 2.02x10ˆ3 1.05x10ˆ3 

Observations 10 24 

Hypothesized Mean 

Difference 0  

df 13  

t Stat -0.66  

P(T<=t) two-tail 0.52  

t Critical two-tail 2.16   

Table 7.38 Comparing the silent period in the burn arm of patients who received surgery with 
the uninjured subjects tested 
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Threshold 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant 

Left hand 

dominant 

Mean 1.11 -3.67 

Variance 26.9 2.33 

Observations 9 3 

Hypothesized Mean 

Difference 0  

Df 10  

t Stat 2.46  

P(T<=t) two-tail 0.03  

t Critical two-tail 2.23   

Table 7.39 Comparing the interhemispheric differences in threshold (left hand – right hand) in 
uninjured right hand dominant subjects with uninjured left hand dominant subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple burn 

locations 

Upper 

limb 

only 

Mean -8.14 9 

Variance 47.5 30.4 

Observations 7 6 

Hypothesized Mean 

Difference 0  

Df 11  

t Stat -4.98  

P(T<=t) two-tail 0.0004  

t Critical two-tail 2.20   

Table 7.40 Comparing the interhemispheric differences (less/uninjured side-burn arm) for 
threshold values; patients with multiple burn locations vs upper limb burn only 

 



– 205 – 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  >10%TBSA <10%TBSA 

Mean 65.5 46.3 

Variance 320 90.9 

Observations 6 7 

Hypothesized Mean 

Difference 0  

Df 7  

t Stat 2.36  

P(T<=t) two-tail 0.05  

t Critical two-tail 2.36   

Table 7.41 Comparing the threshold to stimulation in the burn arm of patients with burns 
>10% TBSA compared with those with burns <10% TBSA 

 

 

Table 7.42 Comparing the interhemispheric differences (less/uninjured side-burn arm) for 
threshold values; patients with >10% TBSA burn compared with <10% TBSA 

 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10% TBSA <10%TBSA 

Mean -8.67 7 

Variance 54.67 53.33 

Observations 6 7 

Hypothesized Mean 

Difference 0  

Df 11  

t Stat -3.83  

P(T<=t) two-tail 0.003  

t Critical two-tail 2.20   
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t-Test: Two-Sample Assuming Unequal Variances 

   

  Burn Uninjured 

Mean 8.54 3.75 

Variance 36.6 9.30 

Observations 13 12 

Hypothesized Mean 

Difference 0  

Df 18  

t Stat 2.53  

P(T<=t) two-tail 0.02  

t Critical two-tail 2.10   

Table 7.43 Comparing the interhemispheric differences in threshold intensity in burns patients 
(less/uninjured arm-burn arm) with uninjured subjects 
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Latency 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

male 

Uninjured 

female 

Mean 23.0 20.4 

Variance 1.07 0.04 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 6.78  

P(T<=t) two-tail 0.0001  

t Critical two-tail 2.31   

Table 7.44 Comparing the latency duration in left arm uninjured male and female subjects. 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

male 

Uninjured 

female 

Mean 23.2 20.1 

Variance 2.38 0.65 

Observations 8 4 

Hypothesized Mean 

Difference 0  

Df 10  

t Stat 4.57  

P(T<=t) two-tail 0.001  

t Critical two-tail 2.23   

Table 7.45 Comparing the latency duration in right arm of uninjured male and female subjects 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant 

Left hand 

dominant 

Mean 22.6 21.0 

Variance 2.32 0.56 

Observations 9 3 

Hypothesized Mean 

Difference 0  

Df 8  

t Stat 2.38  

P(T<=t) two-tail 0.05  

t Critical two-tail 2.31   

Table 7.46 Comparing the left hand latency duration in uninjured right hand dominant subjects 
with uninjured left hand dominant subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant 

Left hand 

dominant 

Mean 22.5 21.3 

Variance 4.89 1.14 

Observations 9 3 

Hypothesized Mean 

Difference 0  

Df 8  

t Stat 1.18  

P(T<=t) two-tail 0.27  

t Critical two-tail 2.31   

Table 7.47 Comparing the right hand latency duration in uninjured right hand dominant 
subjects with uninjured left hand dominant subjects 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male burn; 

burn arm 

Female burn; 

burn arm 

Mean 22.1 20.0 

Variance 2.81 0.13 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 3.58  

P(T<=t) two-tail 0.001  

t Critical two-tail 2.23   

Table 7.48 Comparing the latency duration in the burn arm between burn injured male and 
female subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn only 

Bilateral UL 

burn only 

Mean -0.09 2.32 

Variance 0.37 0.02 

Observations 4 2 

Hypothesized Mean 

Difference 0  

Df 4  

t Stat -7.56  

P(T<=t) two-tail 0.002  

t Critical two-tail 2.78   

Table 7.49 Comparing interhemispheric differences in latency duration. Looking at patients 
with an upper limb burn only, comparing those with unilateral burns with bilateral burns 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

only burn 

Uninjured 

subjects 

Mean 2.32 0.63 

Variance 0.02 0.23 

Observations 2 12 

Hypothesized Mean 

Difference 0  

Df 7  

t Stat 10.1  

P(T<=t) two-tail 0  

t Critical two-tail 2.36   

Table 7.50 Comparing interhemispheric differences in latency duration between patients with 
bilateral upper limb burns and uninjured subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit 

No 

sensory 

deficit 

Mean 1.83 -1.18 

Variance 1.45 0.72 

Observations 5 2 

Hypothesized Mean 

Difference 0  

Df 3  

t Stat 3.73  

P(T<=t) two-tail 0.03  

t Critical two-tail 3.18   

Table 7.51 Comparing interhemispheric differences in latency duration between patients who 
have a sensory deficit and those who do not 
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Supplementary Appendix (available on attached disc) 

Available on attached disc. 

Appendix 1 – Patient information sheet and consent form 

Appendix 2 – Ethical Approval 

Appendix 3 – Case series 

Includes all results for each individual patient and subject tested, including a 
comprehensive discussion of the individual results for each patient. 

Appendix 4 – Group comparison data – all results 

Includes all t-test and Mann-Whitney U test results when comparing between burn 
characteristics patient groups and uninjured subjects. 

Appendix 5 – Tests of normality of data sets 

 

 



 

 

PATIENT INFORMATION SHEET 

 

 

A pilot study of central motor pathways, activity and health related quality of life in 

adults who have sustained an upper limb burn 

 

Investigators: Dr Fiona Wood, Dr Catherine Elliot 

 

Trial summary 

 

The aim of this study is to look at changes in brain processes and muscle activity after a 

person has suffered from a burn. We will also look at the relationship between changes in 

brain processes and a person’s ability to carry out daily activities and their quality of life. 

To look at brain processes we will use a technique called transcranial magnetic 

stimulation. This has been used many times in both healthy patients, as well as patients 

who have suffered from stroke. It is a safe and useful tool for looking at brain processes.  

 

Your role in the study 

 

If you participate in this study, you will be asked to attend one session at the Centre for 

Neuromuscular and Neurological Disorders, Queen Elizabeth II Medical Centre. This 

session will take approximately 2 hours. During this time you will undergo several 

assessments. These are: 

 

(a) You will be asked to fill in a questionnaire which will ask you about your ability 

to complete daily activities such as writing, opening doors, making a bed. It will 

also ask about your quality of life.  

(b) We will assess your strength and ability to detect touch to your hand. These are 

simple tests. To assess hand strength you will be asked to squeeze a metal frame 

called a dynamometer for 3 seconds. This will measure your grip strength. To 

assess your sensation you will be asked to close your eyes and tell us whether you 

can feel a thin piece of wire when it is placed on your hand.  

(c) We will use transcranial magnetic stimulation to assess your brain processes. You 

will be asked to sit down and we will place a rubber swimming cap on your head. 

You will have two small electrodes placed on your arm, which will measure your 

muscle activity. We will then use a magnet to stimulate the brain. This stimulation 

feels like a small tapping on the head and makes a clicking noise. This will make 

the muscles in your arm move. We will then measure the amount of movement in 

your arm muscles to assess the brain processes.  

 

Adverse effects/possible risks 

 

You will be seated and comfortable and able to talk to use throughout the entire study. 

There are very few discomforts associated with TMS. It is non invasive, so it is only 



applied to the outside of your head, and feels like a gentle tapping on the skull. Very 

rarely, TMS can cause a headache. If this occurs and you wish to stop the testing session, 

or wish to stop for any other reason, we will stop the study immediately.  

As this procedure involves both magnetism as well as brain stimulation, there are various 

factors and medical conditions that may exclude you from the study. These include 

having a pacemaker, or metal objects like cerebral aneurysm clips inside your head. You 

will be asked a series of questions before the study to ensure that you do not have any of 

these factors. If you do, you will not take part in the study.  

 

Investigator responsibilities 

All data is de-identified during collection and is stored for later analysis. Names and 

personal information will be kept strictly confidential. This includes digital or 

computerised information. Your anonymity will be preserved in any publications of data 

collected.  

 

Cost of participation in the trial 

 

Participation in the trial will be at no cost to you. Any costs of travel of parking incurred 

as a result of a study visit will be reimbursed to you by the Telstra Burns Unit, Royal 

Perth Hospital.  

 

Subject Rights 

 

Participation in this research is voluntary, and you are free to withdraw from the study at 

any time without prejudice in any way. Your participation in this study does not prejudice 

any right to compensation in relation to your burn injury which you may have under the 

state of common law. Nor will it have any effect on the care and treatment you receive 

from Royal Perth Hospital.  

 

Withdrawal 

 

You may withdraw from the study at any point without effect on your treatment. If you 

wish to remove yourself from the study, please let the Chief Investigator know at the 

earliest possible convenience. If for any reason you wish to withdraw during the testing, 

just let the investigator know and the study will be stopped immediately. Further 

information is available from Catherine Elliott, and Clin Prof A. Millar, Chairman, RPH 

Ethics Committtee, phone 92242461.  

 

 

Thank you for considering participating in this study. If you do decide to participate, you 

will be assisting burn patient care by helping to understand the central motor pathways in 

patients. This will give us a better understanding of burn wound healing.  

 

If after reading this sheet you are interested in enrolling in the trial you should now sign 

the consent form.  

 



 

 

 

    CONSENT FORM 

 

 

Title:  A pilot study of central motor pathways, activity and health related 

quality of life in adults who have sustained an upper limb burn 

 

Chief Investigator:  Dr Fiona Wood (FRACS, FRCS) 

   Director Burns Unit, Royal Perth Hospital  

 

Co-investigators: Dr Catherine Elliott (BSc, PhD) 

   Research Fellow, Burns Unit, Royal Perth Hospital 

 

 

I, _________________________________________________________ 

   Full Name 

 

Of ________________________________________________________ 

 

Consent to participating in this study. I have read the INFORMATION SHEET and 

understand the consequences and risks associated with the study. Any questions I have 

asked have been answered to my satisfaction. I agree to have any results from this study 

used in any report or research paper, on the understanding that my identity will not be 

disclosed in any way. I may withdraw from the trial at any stage without consequence, 

and without prejudice to my future medical treatment. If so, I will contact the investigator 

at the earliest opportunity.  

 

 

SIGNATURE ______________________ DATE _____________________ 

 

 

I have explained the study procedures to the above signed subject and answered any 

questions.  

 

 

RESEARCHER _____________________   DATE _____________________ 

 

The Human Research Ethics committee at the University of Western Australia requires 

that all participants are informed that, if they have any complaint regarding the manner in 

which a research project is conducted, it may be given to the researcher or, alternatively 

to the Secretary, Human Research Ethics Committee, Registrar’s Office, University of 

Western Australia, 35 Stirling Highway, Crawley, WA 6009 (telephone 6488 3703) 
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3.1 Burns Patients 

3.1.1 Patient 1 
 

Patient 1 is a 20 year old male who suffered severe burn injuries at age 12, when a petrol 

can was thrown into a fire, causing an explosion. The patient rolled on the ground to 

extinguish the flames, before his mother put him in the shower under cold running water.  

 

He had sustained 40% total body surface area (TBSA) full thickness burns to his left arm, 

shoulder, face, back and torso and left leg. The incident occurred in far northern Western 

Australia, where the patient received emergency treatment before being transferred to 

Princess Margaret Hospital burns unit for further management.  

 

The initial admission involved multiple surgical procedures to achieve wound closure. 

On discharge he required prolonged scar management with 6 further procedures to 

achieve full range of movement.  

 

Clearly this was a severe life threatening burn injury including 40% TBSA but of note his 

non dominant upper limb was spared. 

He underwent transcranial magnetic stimulation (TMS) testing 8 years post burn injury. 
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3.1.1.1 TMS  

 

Measurement  

 

Estimated 

map 

centre X 

Estimated 

map centre Y 

Threshold 

(% 

maximum 

stimulator 

intensity) 

Stimulus 

Intensity 

Less/uninjured 

side (right 

FDI) 

 

-6 

0 55 66 

Burn arm (left 

FDI) 

 

6 4 60 72 

Table 3.1 This table shows the settings used to determine test conditions. 

 
Estimated map centre is the position on the scalp used to determine threshold to 

stimulation. This was the site estimated as closest to the centre of the cortical 

representation of the first dorsal interosseous (FDI) muscle. Coordinates x and y indicate 

distance from the vertex, measured in centimetres. Negative X value indicates left 

hemisphere, negative Y value indicates direction towards the occipit. The threshold is the 

stimulator intensity, at the estimated map centre, required to produce a discernable motor 

evoked potential (MEP) in response to 3 of 4 stimuli. The stimulus intensity used for the 

mapping protocol was set at 120% of the threshold, rounded to the nearest integer. 
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Measure

ment Optimal 

Site X 

Optimal 

Site Y COG X COG Y 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Less/uni

njured 

side 

(right 

FDI) -6.49 0.37 -6.5 0.45 21.1 

 

9.44 25.6 159 

Burn 

arm (left 

FDI) 5.93 2.88 5.82 2.79 21.3 5.18 22.0 226 

Table 3.2 This table shows the TMS mapping results for Patient 1. 

 
The optimal site and centre of gravity (COG) are x and y coordinates are the product of 

two different calculations of the centre of the cortical representation of the FDI muscle. 

The map centre site is calculated by taking the average MEP amplitude at each scalp site 

and fitting it to a sphere based on the patient’s scalp measurements, and using the 

maximum map value as the centre of the map. The COG is calculated by taking the 

average MEPs at each scalp site and calculating the estimated centre without using curve 

fitting (see chapter 2.2). As you can see, the measurements do not differ greatly. The 

average MEP value is the average of the peak to peak amplitudes of the MEPs produced 

from the target muscle at the estimated map centre (the estimated map centre used to 

determine threshold, as described above).. The latency and silent period are measured at 

the estimated map centre of activation, and averaged across all responses at that site. Map 

centre, and centre of gravity are closer to the midline, and more anterior in the burn arm 

compared with the less/uninjured side. The average MEP produced at the estimated map 

centre is greater in the unaffected side. Latency is shorter and silent period is longer for 

the response in the burn arm. 
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Figure 3.1 The topographic map produced by cortical cartography program from TMS 

responses.  

 

The right hand side of the image represents the right hemisphere, and therefore the 

responses achieved from the left FDI muscle. The left hand side of the image represents 

the left hemisphere, and therefore the responses from the right FDI muscle. A cross 

marks the optimal site of activation of the first dorsal interosseus muscle. The colour of 

the map indicates the amplitude of the response (average MEP amplitude) measured at 

that site. The brighter colour indicates a larger response. Note the darker colour on the 
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map of the burn side, the left FDI, indicating smaller responses on this side compared 

with the uninjured right side. The centre of the left FDI map is also more anterior than the 

centre of the right FDI map. 

 

3.1.1.2 Sensory testing  
 

Measurement Light touch 

threshold (log 

force) 

Sharp Score 

(correct/5) 

Two point 

discrimination 

(mm) 

Less/uninjured side 

(right ventral 

forearm) 3.30 5 25 

Burn arm (left 

ventral forearm) 6.65 0 50 

Table 3.3 Sensory testing results.  

 

Table 3.3 demonstrates the 5 trial responses and average result for both light touch 

threshold and sharp scores. Note complete loss of protective sensation in the burn arm, 

and no sharp touch discrimination. Two point discrimination is markedly greater in the 

burn arm. 

3.1.1.3 Quality of life questionnaires 
 

3.1.1.3.1 QuickDASH  

QuickDASH responses for patient 1 

• Disability/Symptom score = 0 

• Work module score = 0 

o Patient is a university student 
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• Sport/performing arts module score = 0 

o Patient plays cricket 

 

3.1.1.3.2 BSHS-B 

BSHS Brief version responses for patient 1 

• Score 147/160 

• Low score given on questions asking about body image. 

 

Figure 3.2 BSHS B responses compared with full marks for each section of the 

questionnaire.  

Figure 3.2 shows that patient 1 lost most marks on the questions asking about treatment 

regimens and body image. 

3.1.1.4 Three Dimensional Movement Analysis 

3.1.1.4.1 Range of motion 

 

Clinical range of motion assessments revealed that the patient has full range of motion in 

his shoulder. 
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3.1.1.4.2 Movement Analysis 

 

In order to gain a more detailed analysis of the patient’s motion and functional ability, he 

underwent 3D motion analysis testing. This allows investigators to track very discrete 

changes in movement patterns following burn injury compared to a normative database. 

Movement was analysed during five different tasks. The tasks were adapted from the 

DASH questionnaire, the Melbourne Assessment of Unilateral Upper Limb Function and 

previous upper limb studies. The five upper limb tasks performed were; 

 

1. Everyday Task: Drinking from a cup of water. 
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Figure 3.3 Drinking Task  

Patient 1 is represented by the orange line in Figure 3.3. The thick blue line represents the 

normal mean (n=20), with the dotted blue lines representing +/- 1 standard deviation 

from the normal mean.  

 

2. Pointing to the Side: Target was positioned at shoulder height and arms length to assess 

range of motion. 

 

Figure 3.4 Pointing to the side 

 
Patient 1 is represented by the orange line in Figure 3.4. The thick blue line represents the 

normal mean (n=20), with the dotted blue lines representing +/- 1 standard deviation 

from the normal mean.  

 



 10 

 

 

 

 

 

 

3. Pointing to the Front: Target was positioned at shoulder height and arms length to assess 

range of motion.  

 

Figure 3.5 Pointing to the front 

 
Patient 1 is represented by the orange line in Figure 3.5. The thick blue line represents the 

normal mean (n=20), with the dotted blue lines representing +/- 1 standard deviation 

from the normal mean.  
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4. Proprioception: Static arm matching task designed to determine whether the spatial 

awareness of the limb and joint is affected by the burn. 
 

  Norms Subject  

Thorax FlexExt (Degrees) Mean 1.3 0.7 

Thorax LatFlex (Degrees) Mean 0.7 1.9* 

Thorax Rotation (Degrees) Mean 1.2 1.0 

Shoulder FlexExt (Degrees) Mean 8.1 3.8 

Shoulder AddAbd (Degrees) Mean 6.5 3.5 

Shoulder IntExtRot (Degrees) Mean 11.7 16.8* 

Elbow FlexExt (Degrees) Mean 5.6 3.2 

Elbow IntExtRot (Degrees) Mean 11.0 7.4 

Wrist FlexExt (Degrees) Mean 8.7 16.0* 

Wrist AddAbd (Degrees) Mean 6.5 5.5 

 

Table 3.4 Proprioception Task showing the results for patient 1 compared to 20 

uninjured subjects tested (“norms”). 

The proprioception task requires the subject to match their upper limb to the position of 

the less/uninjured limb, placed by the investigator. The table above shows the average 

distance from the placed to the matched position for normal data as well as Patient 1. The 

patient’s internal and external rotation of the shoulder is significantly different to that of a 

normal population, as well as flexion/extension of the wrist. See Table 3.4. 
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5. Repetitive Task: Repeatedly lifting a weighted object from a table to a shelf at head 

height. This was designed to cause fatigue and show the rate of decline in the quality of 

movement. 

 

Figure 3.6 Repetitive task. 

Patient 1 is represented by the orange line in Figure 3.6. The thick blue line represents the 

normal mean (n=20), with the dotted blue lines representing +/- 1 standard deviation 

from the normal mean.  

 

Analysis of the patient’s movement across all five tasks revealed movement kinematics 

varied most from the comparative database at the shoulder. In the two tasks requiring 

forward reaching; the front point and lifting tasks, thorax rotation was increased perhaps 

to minimise the extent of forward stretch and limit shoulder adduction. A decrease in 

shoulder internal rotation was also demonstrated in the drinking, front point and 
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particularly the lifting task. The shoulder internal/external rotation error from the tester 

determined position to the patient’s matched position in the proprioception task was also 

almost 17º. 
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3.1.1.5 Summary 
 
Patient 1 is a 20 year old male who sustained a unilateral dominant upper limb full 

thickness burn injury involving 40% TBSA 8 years prior to testing.  

 

His functional testing results reveal a residual sensory deficit in his burn arm consistent 

with complete loss of protective sensation. 

Movement analysis testing shows some altered movement patterns at the shoulder.  

The patient’s self administered quality of life and disability questionnaire results suggest 

he is not concerned by abnormal function. Marks on these questionnaires were lost on the 

body image questions. 

 

His TMS mapping results demonstrate an asymmetry in the position of the optimal site of 

activation for the FDI muscle on the left (burn) side compared with the right. The burn 

arm optimal site position is more medial and anterior compared with the uninjured arm. If 

we take this in conjunction with the sensory testing results, this is consistent with what 

may be extrapolated from previous studies looking at the effect of peripheral 

deafferentation on the location of the TMS map. That is to say that cortical reorganisation 

occurs to the effect that those cortical areas adjacent to the previous area of representation 

of the target muscle have shifted and now activate the target muscle. This conclusion is 

drawn by assuming that if this patient had not had a burn injury, the cortical maps of both 

his left and right FDI muscles would be symmetrical in their positioning. As will be 

discussed later, evidence suggests that even in healthy, uninjured subjects there exists an 

asymmetry between cortical representations, thus this assumption is not necessarily valid. 

(See 5.2.1 and for review see (Hammond, 2002)). 

 

The average response (motor evoked potential, MEP) achieved from the estimated map 

centre for the FDI muscle on the burn side is less than that on the unburned side. MEP 

has been shown to be influenced by cortical excitability(Sandbrink, 2011). This result 
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suggests that the cortical excitability in the area corresponding to the left (burn) FDI 

muscle is reduced compared with the uninjured side.  

 

In addition, the patient also has a longer silent period in the burn arm compared with the 

uninjured arm. This suggests there is an increase in intracortical inhibition in the burn 

arm. Combined with the MEP result, it can be concluded that this increased inhibition 

may be contributing to the reduced excitability seen at the estimated map centre of 

representation for the left (burn) FDI muscle for this patient.  

 

Of note, this patient has a shorter latency time in his burn arm. This is perhaps not 

expected in light of the MEP and silent period results. A shorter latency suggests a 

shorter conduction time, however the MEP and silent period results suggest increased 

inhibition and reduced excitability, both of which would lead us to expect, if anything, a 

longer conduction time between the stimulus and the response. The latency duration is 

composed of the central motor conduction time plus the peripheral conduction time.  In 

this patient, who sustained full thickness burns, the peripheral nerve field would have 

been damaged at the time of injury. This testing was conducted 8 years post injury, after 

which time we expect the wound healing to be completed and the scar to be mature 

(Papini, 2004). The sensory testing results reveal loss of protective sensation, suggesting 

that at least these nerves have not recovered their function. This would lead to reduced 

afferent input to the sensorimotor cortex and, as mentioned above, reorganisation of the 

cortical topography.  

If the afferent input to a cortical area is removed or reduced, then the cortical excitability 

of that area is reduced. This is in keeping with the MEP and silent period results, but not 

with the shorter latency duration.  

There was also a minimal difference in the size of the cortical area that produced a 

response in the target muscles on both sides. This is out of keeping with previous studies, 

which have shown that in response to deafferentation of a particular body area there will 

be a progressive shrinkage of the cortical map corresponding to that area (Chen et al., 

2002). It is important to note that in this patient sensory testing was conducted over the 
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volar area of the forearm, not the FDI muscle, which could explain the discrepancy 

between the results of previous studies and the result seen for this patient.  
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3.1.2 Patient 2  
 

Patient 2 is a 41 year old right hand dominant male who suffered a burn injury in a butane 

gas explosion in Kalgoorlie at age 37. 

 

Burn injury: 

He sustained 35% partial thickness burns to his right upper limb/axilla, chest, and both 

legs. He immediately got into a cold shower for 20 minutes before driving himself to 

Kalgoorlie Hospital.  

In hospital, he was sedated, intubated and ventilated and transferred to Royal Perth 

Hospital intensive care unit.  

He required surgery for treatment and closure of his burn wounds. 

His wounds healed well and he was discharged.  

At the time of discharge his main mobility issues included stiffness in the right shoulder 

and arm and issues weight bearing on his right leg.  

 

He returned to the burns outpatient clinic 2 years post burn, complaining of hypertrophic 

scarring. He subsequently received steroid injections into his hypertrophic scars on 3 

occasions, each 6 weeks apart. He received steroid injections into his keloid scars on his 

chest, right shoulder, right arm, elbow, both knees and sternum to good effect and has not 

returned to the burns clinic since that time. 

 

He underwent TMS testing 42 months post injury. 

 

This again was a life threatening burn injury involving the dominant upper limb and both 

legs, requiring surgery and ongoing treatment in order to achieve satisfactory wound 

healing. 
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3.1.2.1 TMS 
 

Measurement  

Estimated 

map 

centre X 

Estimated 

map centre 

Y 

Threshold 

(% 

maximum 

stimulator 

intensity) 

Stimulus 

intensity 

Less/uninjured 

side (left FDI) 

 

6 0 43 52 

Burn arm 

(right FDI) 

-5 

0 58 70 

Table 3.5 Estimated map centre and stimulus intensity used for the mapping protocol for 

patient 2. 

Note the more medial location of the estimated map centre for the burn arm, and the 

higher threshold stimulus intensity required to produce a response. 

Measure

ment Optimal 

site X 

Optimal 

site Y COG X COG Y 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Less/uni

njured 

side (left 

FDI) 5.67 0.37 6.04 0.79 24.2 4.10 22.0 141 

Burn 

arm 

(right 

FDI) -5.35 1.04 -5.66 0.95 23.6 3.14 20.6 157 

Table 3.6 TMS results for patient 2. 

The results show the more medial location of the optimal site and COG in the burn arm 

compared with the less/uninjured side. The Y coordinate also indicates a more anterior 

position for the burn arm. Average MEP produced at the estimated map centre in the burn 
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arm is lower, latency is shorter, and silent period is more prolonged when compared with 

the less/uninjured side. 

 

 

 

Figure 3.7 TMS map produced for patient 2. 

Figure 3.7 demonstrates asymmetry when comparing the centre of the burn FDI map (left 

hand side of the image) with the control (right) FDI. 
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3.1.2.2 Quality of life questionnaires 
 

3.1.2.2.1 QuickDASH 

o Disability/Symptom Score = 11.36 

o Work module score = 12.5 

§ Works as a furniture removalist 

o Sports/performing arts module score = 25 

§ Plays football 
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3.1.2.3 Summary 
 

Patient 2 is a 40 year old male who sustained a dominant unilateral upper limb partial 

thickness burn injury and bilateral lower limb burns involving 35% TBSA 3 years prior 

to testing. 

His TMS map demonstrated mild asymmetry when comparing the burn arm with the 

uninjured arm. Like Patient 1, the burn arm optimal site position is more medial and 

anterior compared with the uninjured arm.  

Again, like Patient 1, the patient has a smaller average MEP at the estimated map centre, 

longer silent period, and shorter latency in the burn arm compared with the less/uninjured 

side. He also has a greater threshold to stimulation in the burn arm. Greater stimulus 

intensity is required to produce an MEP response in the burn arm, supporting the other 

results which suggest that excitability of this cortical area is reduced compared with the 

less/uninjured side (Sandbrink, 2011, Hallett, 2007).  

While this patient did not undergo sensory testing, his disability questionnaire reveals 

that he has some impairment in upper limb function due to his burn injury.  

Both Patients 1 and 2 involve dominant unilateral upper limb burn injuries, involving at 

least 35% TBSA, sustained greater than 2 years ago. This is particularly relevant as it has 

been shown that in burns patients with injuries involving greater than 30 

% TBSA, the release of inflammatory mediators and cytokines will have a systemic 

effect, with the potential to affect all the body’s organs (Hettiaratchy and Dziewulski, 

2004).  

The TMS results demonstrate a similar pattern in these two patients. That is, a suggestion 

of preservation of the area of cortical representation for the FDI muscle, but a 

reorganisation of the location of that optimal site, and a reduced excitability and 

concurrent increase in intracortical inhibition in the burn arm compared with the 

uninjured arm.  
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3.1.3 Patient 3 
 

55 year old right hand dominant male who sustained flash burn injury age 49. 

 

Burn injury: 

Patient 3 sustained a flash burn injury when he lit a cigarette while his clothes were 

doused with fuel. He sustained 7% TBSA burns involving the face, arms and chest. His 

face burn was superficial, with a partial thickness burn to his right ear, and partial/deep 

partial thickness injuries to his chest and both forearms. There was no inhalational injury.  

He presented to Collie Hospital emergency department where he was initially treated 

before being transferred to Royal Perth hospital by the Royal Flying Doctor Service. 

 

He was admitted to RPH for 12 days.  

He was treated for burns involving the volar surface of both forearms, right upper arm, 

and right side of face and chest.  

All burns were treated conservatively with, and were healed well by 2 weeks post injury. 

He had some limited range of movement in his arms, which continued to improve with 

physiotherapy throughout admission. 

At the time of discharge, range of motion was continuing to improve.  

At his follow up appointment 6 weeks post injury, the patient’s wounds had healed well 

with soft matured scars. He had returned to work. There was no intervention at this time. 

He was reviewed again 3 months later and discharged from the burns clinic. 

 

He underwent TMS testing 73 months post injury.  

 

This was a less severe bilateral upper limb burn injury that did not require surgical 

intervention and healed well with conservative management. 
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3.1.3.1 TMS 
 

Measurement  

 

 

Estimated 

map 

centre X 

 

Estimated 

map centre 

Y 

Threshold 

(% 

maximum 

stimulator 

intensity) 

Stimulus 

intensity 

Less/uninjured 

side (left FDI) 

 

5 0 40 48 

Burn arm 

(right FDI) 

 

-5 0 45 54 

Table 3.7 TMS baseline measurements for patient 3. 

Table 3.7 demonstrates no difference in estimated map centre used between the burn and 

less/uninjured sides, and a small difference in threshold stimulus intensity.  

 

Measure

ment 

Optimal 

site X 

Optimal 

site Y COG X COG Y 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Less/uni

njured 

side (left 

FDI) 4.78 1.04 5.02 1.04 26.2 3.197 21.8 128 

Burn 

arm 

(right 

FDI) -4.02 1.22 -4.58 0.87 28.0 2.157 23.6 121 

Table 3.8 TMS results for patient 3. 
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Table 3.8 demonstrates a more medial optimal site on the burn arm compared with the 

less/uninjured side, however the Y coordinate differs between the optimal site calculation 

and the centre of gravity calculation. The average MEP produced at the estimated map 

centre is smaller in the burn arm. The latency is longer and silent period shorter in the 

burn arm compared with the less/uninjured side. 

 

 

Figure 3.8 Map showing burn arm (left sided image) and less/uninjured side (right side) 

for patient 3. 
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Figure 3.8 shows map shapes that are not identical, however there is minimal difference 

between the shading (representing the intensity of responses) or the marker indicating the 

centre of the map. 

3.1.3.2 Sensory 
 

Measurement Light touch threshold 

(log force) 

Sharp Score 

(correct/5) 

Two point 

discrimination (mm) 

Less/uninjured side 

(left) 2.83 5 40 

Burn arm (right) 2.83 5 10 

Table 3.9 Sensory testing results for patient 3. 

 

Table 3.9 demonstrates no sensory deficit with regard to light touch or sharp touch 

discrimination. Two point discrimination is much greater in the less/uninjured side. 

 

3.1.3.3 Quality of life questionnaires 
 

3.1.3.3.1 QuickDASH 
 

QuickDASH questionnaire results for patient 3.  

o Disability/Symptom score = 0 

o Work Module score = 0 

o Sports/performing arts module 

§ Not completed 

3.1.3.3.2 BSHS-B 
 

§ Score 156/160 



 26 

 

Figure 3.9 BSHS Brief version results for patient 3 compared with full marks. 

Patient 3 is represented by the red bar, and full marks by the blue bar. 
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3.1.3.4 Summary 
 
Patient 3 is a 55 year old who sustained bilateral upper limb burns also involving the face 

and chest, a mix of superficial and partial thickness, involving 7% TBSA, 6 years prior to 

testing. He is right hand dominant.  

Sensory testing revealed there is no light touch or sharp touch deficit in either arm post 

burn. Two point discrimination is worse in the left hand, though the patient subjectively 

reported the burn in his right arm to be “worse.”  

In keeping with this, the TMS map optimal site is, like in Patients 1 and 2, positioned 

more medially in the right arm (designated “burn”) compared with the left, although the 

asymmetry was less marked in this patient. Of note, also, is that Patients 1, 2, and 3 all 

involved “burn” on the dominant side.  

 

There was a small difference in average MEP at the estimated map centre between arms 

in this patient, with the response smaller in the right (“burn”) arm. The silent period was 

slightly longer in the left arm, and the latency duration slightly longer in the right 

(“burn”) arm. TMS map area was slightly larger in the right (“burn”) arm. It is worth 

considering that the silent period result is consistent with the previous two patients if we 

take into account that this patient had a more marked sensory deficit in the right (“burn”) 

arm, which is the arm that demonstrated a longer silent period. This indicates an increase 

in intracortical inhibition over this particular area of the cortex. It could be considered, in 

light of the sensory testing results, that the silent period is longer in the region 

corresponding to the right FDI as this is the area that has a reduced sensory input, as 

demonstrated in the two point discrimination result. Whether this sensory testing result is 

enough to explain the difference in silent period duration, in the absence of more marked 

sensory deficit such as diminished light touch, is unclear.  

 

It may be hypothesised that the larger TMS map area in the right is be due, in part, to the 

fact that this is the dominant arm. This could be extended to Patients 1 and 2, suggesting 
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that preservation of TMS map area is through function and hand dominance. This will be 

discussed in chapter 4 and 5. 

 

This patient did not report any functional deficit or disability on functional quality of life 

questionnaires. This is important to remember when we consider the TMS results in the 

context of the functional outcome of the patient being tested. In this case, we can see that 

the net result of the TMS results we see is an acceptable level of function, according to 

the patient’s self reporting. This is particularly interesting as we know that the patient’s 

sensory testing has revealed that he does not have normal sensation, however he reports 

no functional disability. It may be worth considering that intracortical inputs may also be 

influenced by, or influence, the patient’s own perceptions or expectations of function. 
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3.1.4 Patient 4 
 

Patient 4 is a 42 year old left hand dominant male project manager who sustained life 

threatening 30% TBSA burns to the face, torso and both upper limbs following an 

aeroplane crash on age 37 years. 

 

He was transferred to Royal Perth Hospital Intensive Care Unit where he was intubated, 

sedated and mechanically ventilated. He underwent multiple surgical procedures to 

manage his burn wounds.  

 

He was discharged after a month long admission to the burns early discharge program, 

where he continued with regular allied health review and close outpatient burns clinic 

follow up.  

 

Following discharge, the patient returned numerous times for additional surgical  

procedures for scar management. 

 

He has ongoing issues with his facial scarring and contractures, but has been able to 

return to work and perform his normal duties. 

 

The patient underwent TMS and sensory testing 61 months post burn. He is left hand 

dominant.  

 

This was a severe life threatening burn injury that has required ongoing surgical and 

medical management, with ongoing issues with scar contractures and pain. 

 

 



 30 

3.1.4.1 TMS 
 

Measurement  

Estimated 

map centre X Estimated map 

centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

intensity 

Less/uninjured 

side (left FDI) 

 

6 

 

2 

90 

 
90 

 

Burn arm 

(right FDI) 

 

-6 

 

2 

90 

 90 

Table 3.10 TMS baseline measurements for patient 4. 

 
Table 3.10 demonstrates no difference between the two sides. Note in this patient the 

stimulus intensity used was 90% of maximum stimulus intensity as this was the highest 

stimulus intensity that was tolerated by the patient. 

 

Measure

ment Optimal 

Site X 

Optimal 

Site Y COG X COG Y 

TMS 

Map Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Less/unin

jured side 

(left FDI) 

 

6.68 

 2.67 7.29 2.4 23.4 

1.50 

 22.1 59.9 

Burn arm 

(right 

FDI) -4.86 2.27 -4.94 1.64 15.3 0.82 20.9 98.9 

Table 3.11 TMS results for patient 4. 

The results demonstrate a more medial and posterior optimal site in the burn arm 

compared with the less/uninjured side. The average MEP produced at the estimated map 

centre was smaller, the latency was shorter, and the silent period was more prolonged in 

the burn arm compared with the less/uninjured side. 
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Figure 3.10 TMS map image for patient 4. The image on the left represents the burn arm 

(right arm) and the image on the right represents the “control” arm (left arm). 

 

The image seen in figure 3.10 is consistent with the TMS data results, clearly 

demonstrating reduced response sizes in the burn arm (left sided image) compared with 

the less/uninjured side (right image). The centre of the map in the burn arm is more 

medial than the control (right FDI).  
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3.1.4.2 Sensory 
 

Measurement Light touch threshold 

(log force) Sharp Score (correct/5) 

Two point 

discrimination (mm) 

Less/uninjured side 

(left) 2.83 3 35 

Burn arm (right) 3.87 2 20 

Table 3.12 Sensory testing results for patient 4. 

 

The patient has normal sensation on the left less/uninjured side, diminished light touch 

sensation in the burn arm, reduced sharp touch score in the burn arm, greater two point 

discrimination distance in the less/uninjured side. 

3.1.4.3 Quality of life questionnaires 
 

3.1.4.3.1 QuickDASH 
 

o Disability/Symptom Score = 2.27 

o Work module – Project Manager 

§ Score = 0 

o Sports/Performing arts module 

§ N/A 

 

3.1.4.3.2 BSHS-B 

 

• Score 140/160 

• Low score given for heat sensitivity and body image. 
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Figure 3.11 BSHS Brief Version. Responses from patient 4 represented by the red 

bars, the full marks represented by the blue graphs. 
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3.1.4.4 Summary 
 
Patient 4 is a 42 year old male who sustained life threatening 30% TBSA full thickness 

burns including both upper limbs 5 years prior to testing. The right arm burn (non 

dominant) was worse than the left, as assessed at the time of testing both by the patient’s 

subjective reporting and the sensory testing results.  

 

Sensory testing reveals no light touch deficit in the left hand, and diminished light touch 

sensation in the right hand. Both hands have reduced sharp touch discrimination (right 

worse than left) and two point discrimination (left worse than right). 

 

The TMS map optimal site x coordinate is more medially positioned for the right (burn) 

FDI compared with the left. Again, this is consistent with the pattern seen in the previous 

three patients. The degree of asymmetry, particularly in the “x” plane, is to a greater 

degree for this patient compared with the others. It may be suggested that this is due to 

the discrepancy in sensory function in this patient compared with the others. Patient 1 

demonstrates asymmetry between left and right, however his injuries (and therefore 

sensory testing) involved the upper limb more so than the hand. Patient 4, by comparison, 

had extensive burn injuries to his hands, requiring multiple surgical procedures to both 

left and right in order to achieve wound closure and a good scar outcome. There was not 

a significant difference in the extent of burn injury sufficient to explain such a 

discrepancy between hands with respect to the TMS measures. There was, however, a 

difference in the functional outcome between left and right hands. The right hand 

demonstrated diminished light touch sensation and poorer sharp touch discrimination 

than the left. As it is known that deafferentation results in reorganisation at the level of 

the cortex (Brasil-Neto et al., 1993), reduced afferent input to the cortex from the right 

hand may have contributed to the asymmetry in the TMS maps produced.  

 

There was also a large difference between left and right hands with respect to the other 

TMS measurements for Patient 4. He demonstrated reduced average MEP size at the 
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estimated map centre; reduced TMS map area; shorter latency and longer silent period in 

the burn arm. 

Of these, the MEP size, latency and silent period duration results were consistent with 

those described in the preceding three patients. This reiterates the suggestion that there is 

reduced excitability and increased inhibition in the cortical area corresponding with the 

“burn” arm. Again, we can hypothesise that these results correlate with the results of the 

sensory testing. There is reduced afferent input from the right hand, resulting in less 

excitatory input to the corresponding area of the sensorimotor cortex, and increased 

inhibition. 

 

The TMS map area is smaller in the right hand compared with the left. Again, this is in 

keeping with reduced sensory input in the right hand. It is worth noting that the left hand 

is, in this case, the dominant hand. It may also be suggested that an element of use 

dependent plasticity has played a part. Previous studies have demonstrated specific 

training, such as repetitive movements or actions, can be used to drive cortical plasticity 

and facilitate recovery after injury. It has also been shown that this is most effective when 

the training mimics normal movement patterns. (Dunlop and Steeves, 2003, Angelov et 

al., 2007) The left hand would be expected to have had more use, being the dominant 

hand. In keeping with evidence of use dependent plasticity by Dunlop and Steeves (2003) 

and Angelov (2007), we could expect to see different cortical topography and 

organisation in the hand that has experienced greater frequency of normal movement 

patterns. See 1.3.9 and chapter 4. It may be suggested, therefore, that the better sensory 

outcome seen in the dominant hand may have been influenced by the process of use 

dependent plasticity, in that the dominant hand would experience a greater frequency of 

normal movement patterns.  
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3.1.5 Patient 5 
 

39 year old right hand dominant female pet shop worker who sustained a 2% TBSA 

partial thickness burn to the volar surface of her right forearm from boiling water at age 

33.  

 

She has no significant past medical history.  

She has no regular medications, and no known drug allergies. 

 

Burn injury: 

Patient 5 presented to Busselton hospital after spilling boiling water onto her right arm.  

She had sustained a 2% TBSA deep partial thickness burn to her right elbow. Her wounds 

were treated conservatively and she was discharged home. 

She was admitted to Royal Perth Hospital two weeks later for surgical management of 

her wound. Following the procedure her wound healed well and she was discharged.  

At discharge she was assessed to have full range of motion of the arm, good strength at 

the elbow and shoulder, and was able to complete all activities of daily living 

independently.  

 

 The patient returned a year later complaining of altered sensation in her wound site. 

EMG studies revealed a right lateral antebrachial sensory neuropathy. She continued with 

outpatient occupational therapy and physiotherapy to promote range of motion and 

function, and there was no further medical intervention. 

 

She underwent sensory and TMS testing 71 months post injury. 

 

This was an isolated unilateral dominant right upper limb burn injury. 
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3.1.5.1 TMS 
 

Measurement  

 

 

Estimated 

map 

centre X 

Estimated 

map centre 

Y 

Threshold 

(% 

maximum 

stimulator 

intensity) 

Stimulus 

intensity 

Less/uninjured 

side (left FDI) 

 

5 2 60 72 

Burn arm 

(right FDI) 

 

-5 0 55 66 

Table 3.13 TMS baseline measurements for patient 5. 

 

The estimated map centre used is more anterior in the less/uninjured side. Threshold 

required to produce a response was lower in the burn arm. 

 

 

Measure

ment Optimal 

site X 

Optimal 

site Y COG X COG Y 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Less/unin

jured side 

(left FDI) 5.84 2.24 5.54 1.98 16.7 5.82 19.7 135 

Burn arm 

(right 

FDI) -5.41 -0.04 -5.49 0.04 22.3 7.178 20.3 137 

Table 3.14 TMS results for patient 5. 
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The optimal site and centre of gravity demonstrate similar x coordinates for the burn and 

less/uninjured sides. The y coordinate is more posterior by both calculations in the burn 

arm. The average MEP produced at the estimated map centre in the burn arm is greater, 

latency is longer and silent period is more prolonged in the burn arm when compared 

with the less/uninjured side.  

 

 

Figure 3.12 TMS produced map image for patient 5. The image on the left 

represents the burn arm (right arm) and the image on the right represents the 

less/uninjured side. 
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Figure 3.12 shows that the map representation for the right FDI (burn arm) appears 

smaller, and in a more medial and posterior position when compared to the left FDI. 

3.1.5.2 Sensory 
 

Measurement 

Light touch threshold 

(log force) Sharp Score (correct/5) 

Two point 

discrimination (mm) 

Less/uninjured side (left 

ventral forearm) 2.83 5 35 

Burn arm (right ventral 

forearm) 2.83 5 20 

 

Table 3.15 Sensory testing results for patient 5. 

 

Table 3.15 shows that there is no light touch of sharp touch discrimination sensory 

deficit. Two point discimination is greater in the less/uninjured side than the burn arm, 

indicating better two  point discrimination in the burn arm.  

3.1.5.3 Quality of life questionnaires 

 

3.1.5.3.1 QuickDASH 

 

o Disability/symptom score = 6.818 

o Work module (Pet shop consultant) score = 6.25 

o Sports/performing arts module score = 0 

§ Walking the dog  

 

3.1.5.3.2 BSHS-B 
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• Score 153/160 

• Low score given on questions asking about body image questions. 

 

 

Figure 3.13 BSHS brief version results for patient 5 represented by the red bars and 

full marks represented by the blue bar. 
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3.1.5.4 Summary 
 
Patient 5 is a 39 year old right hand dominant female who sustained an isolated 2% 

TBSA partial thickness burn to her right upper limb 5 years prior to testing. 

 

Sensory testing revealed normal light touch and sharp touch sensation in both arms, with 

worse two point discrimination in the burn arm compared with the uninjured arm. 

 

The TMS testing revealed a more posterior and marginally more medial position of the 

optimal site for the FDI of the burned limb compared with the uninjured limb, again 

demonstrating asymmetry between the burn arm and the uninjured arm. In this case, the 

burn injury was located on the volar surface of the forearm, not over the FDI muscle 

tested. It may be worth considering that the slightly different mapping result may be due 

to the different location of the burn injury. By the same token, Patient 1 did not involve a 

burn of the hand, rather a burn of the upper limb also. 

 

In this case, the average MEP response at the estimated map centre was greater in the 

burn arm compared with the uninjured arm, indicating increased cortical excitability. The 

silent period duration, an indicator of intracortical inhibition, was not greatly different in 

either arm. 

The TMS map area was also greater in the burn arm in this patient compared with her 

uninjured arm. Along with the greater MEP, this too suggests increased excitability. The 

TMS map area is the area of the cortex over which stimulation will result in a measurable 

response in the target muscle. In order to produce an MEP response, TMS acts by 

activating motoneurons, thus it is dependent on the excitability of the motor cortex. The 

more excitable the motoneuron pool is, the easier it is to get the individual motoneurons 

to firing threshold. The further away from the centre of a map the stimulus is applied, the 

smaller the response is to the same stimulus. Factors that increase the excitability of the 

motorneurons, such as pain or voluntary muscle contraction, will reduce their threshold to 

stimulation. Thus, stimulation further away from the centre of the map will now result in 
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a response in the target muscle and the TMS produced map area will be greater. We can 

hypothesise that for this patient, the excitability of the cortex in her burn arm is greater, 

which results in a larger TMS map area on this side. This is supported by the fact that the 

average MEP produced at the estimated map centre is also greater in this arm. 

 

Another point to consider is that this patient is a right hand dominant female. This allows 

us to revisit the notion that hand dominance and associated increased use through 

everyday function has contributed to the increased excitability and increased cortical 

representation seen on her burn arm. 

Functional quality of life and disability questionnaires revealed mild difficulty in fine 

motor skills, and no limitation in daily activities. This is interesting to note in this patient, 

as her burn did not involve her hand at all, thus we would not necessarily expect her to 

report difficulty with fine motor skills. As mentioned with respect to patient 3, it is also 

useful to consider the patient’s subjective reporting and expectations of their functional 

outcome in addition to objective testing. As we can see with this patient, the result may 

be conflicting. 
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3.1.6 Patient 6 
 

Patient 6 is a 31 year old right hand dominant male electrical engineer who sustained life 

threatening injuries in an aeroplane crash at age 25.  

His injuries were extensive, including 30% TBSA full thickness burns to face and both 

arms, and inhalational injury. Upon his arrival in the emergency department at Royal 

Perth Hospital, he required intubation and mechanical ventilation in order to maintain a 

patent airway due to acute lung injury.  

He was admitted to the Royal Perth Hospital Intensive Care unit for an extended period 

of time. During this time, he remained intubated and ventilated, and received a surgical 

tracheostomy in order to receive protracted mechanical ventilation. During this time he 

underwent numerous surgical procedures to achieve wound closure. 

He was discharged to the burns early discharge program with close allied health and 

outpatient clinic follow up. 

 

Following discharge, the patient returned for numerous follow up procedures for 

treatment of hypertrophic scars and scar contractures.  

He continued to undergo comprehensive rehabilitation through the occupational therapy 

and physiotherapy departments until 2 years post injury, and thereafter was reviewed in 

outpatient clinic 6 monthly.  

He continues to suffer deformities and reduced hand movements in both hands due to 

scar contractures. 

 

TMS and sensory testing was performed 61 months post burn.  

 

This was a severe life threatening burn injury requiring a protracted stay in intensive care 

along with multiple surgical procedures both during admission and after discharge, and 

the patient continues to suffer reduced mobility in both hands. 
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3.1.6.1 TMS 
 

Measurement  

 

 

Estimated 

map 

centre X 

Estimated 

map centre 

Y 

Threshold 

(% 

maximum 

stimulator 

intensity) 

Stimulus 

intensity 

Less/uninjured 

side (left FDI) 

 

4 0 40 48 

Burn arm 

(right FDI) 

-5 

0 45 54 

Table 3.16 TMS baseline measurements for patient 6. 

 
Table 3.16 shows a more medial estimated map centre used, and higher stimulus intensity 

required to produce a response in the target FDI muscle on the burn (right) arm. 

 

Measure

ment Optimal 

site X 

Optimal 

site Y COG X COG Y 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Less/uni

njured 

side (left 

FDI) 3.18 -0.04 3.62 -0.46 19.3 7.02 22.4 139 

Burn 

arm 

(right 

FDI) -4.01 -0.12 -4.29 -0.54 19.23 4.87 22.0 180 

Table 3.17 TMS results for patient 6.  
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Results in Table 3.17 demonstrate a more lateral location of optimal site and centre of 

gravity in the burn arm, and minimal difference between arms with respect to the y 

coordinate. Average MEP produced at the estimated map centre was less, latency was 

shorter and silent period was more prolonged in the burn arm compared with the 

less/uninjured side. 

 

 

 

Figure 3.14 TMS map for patient 6. Burn arm (right arm) represented by the image on 

the left.  
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The image in figure 3.14 shows that there is a more lateral location of the optimal site in 

the burn arm (right FDI, left hand side of the image). The colours of the maps also 

indicate greater responses produced in the less/uninjured side. The colour of the left FDI 

map (right hand side of the image), is predominantly bright yellow compared with the 

burn arm, which has a greater area of dark shading.  

3.1.6.2 Sensory 
 

Measurement Light touch threshold 

(log force) 

Sharp Score 

(correct/5) 

Two point 

discrimination (mm) 

Less/uninjured side 

(left) 4.36 4 10 

Burn arm (right) 6.65 1 70 

Table 3.18 Sensory testing results for patient 6.  

 

The results indicate a sensory deficit both arms, consistent with the patient’s injuries. The 

deficit is worse on the right arm compared with the left. The right arm demonstrates a 

complete loss of protective sensation, while the left arm demonstrates diminished 

protective sensation. Sharp touch score is much greater in the left arm, and two point 

discrimination is also better in this arm. 

3.1.6.3 Quality of life questionnaires 
 

3.1.6.3.1 QuickDASH 

 

o Disability/Symptom score = 20.45 

o Work module score = 18.75 

§ Electronics engineer 

o Sports/performing arts module score = 50 

§ Tennis, wakeboarding 
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3.1.6.3.2 BSHS-B 

 

• Score 96/120 

• Patient did not answer work questions. 

• Low scores given for questions asking about hand function, heat 

sensitivity and body image. 

 

 

Figure 3.15 BSHS brief version results for patient 6 represented by the red graphs, 

and full marks represented by the blue graphs. Note the patient did not answer the 

questions regarding work or treatment regimens. 
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3.1.6.4 Summary 
 
Patient 6 is a 31 year old male who sustained significant life threatening full thickness 

burn injuries involving 30% TBSA, including both upper limbs 5 years prior to testing. 

The burns were more significant on the right hand, which required multiple surgical 

procedures after the initial admission in order to achieve a satisfactory scar outcome and 

function. 

 

Sensory testing revealed sensory deficits in both arms. The deficit is more marked in the 

right hand.  

 

This patient has also reported the greatest functional disability due to his burn injury of 

all the patients. He reported limitations in function of activities of daily living, work, and 

recreational/sporting activities. He also specified a limitation in hand function. This 

patient did suffer bilateral injuries, however there is an objective measure of better 

outcome in the non dominant hand with respect to sensation and motor strength which 

enable comparative analysis of his results. Again, consider the fact that this patient 

expected to return to his previous level of functioning, which included wake boarding. 

Other patients may not have such high expectations, thus their self reporting 

questionnaires would not reveal such a large deficit as this patient has.  

 

TMS mapping results again show an asymmetry between hands. In this case the x 

coordinate is positioned more laterally in the burn arm compared with the less/uninjured 

side, which is contrary to the results seen in the previous patients. The average MEP at 

the estimated map centre was reduced in the burn arm, and the silent period was 

markedly prolonged.  

These results are consistent with those seen in the previous patients, save for patient 5.  
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3.1.7 Patient 7 
 

55 year old right hand dominant male, a farmer from Bruce Rock, who sustained 24% 

TBSA thickness burns when a petrol can in the back of his ute caught alight at age 52. He 

initially continued to drive, attempting to reach water, but jumped out of the moving 

vehicle when the glass partition in the ute cab shattered.  

 

 

At the time of injury he did not receive any first aid. He received emergency treatment in 

Kalgoorlie where his wounds were kept under running water for 20minutes and then 

dressed. He was then transferred via Royal Flying Doctor Service to the burns unit at 

Royal Perth Hospital. 

He had sustained 24% TBSA full thickness burns to his face, both arms, hands and back . 

The upper limb burns were of similar distribution on both sides, including superficial 

partial thickness circumferential burns from elbows to the wrist, with some injured areas 

above the elbow. The dorsal aspect of the hands were involved, and were non 

circumferential burns. All burns were partial thickness burns. 

His wounds were treated conservatively at first, and he commenced a rigorous exercise 

program in the gym with the physiotherapists on day 2 of admission.  

 

On day 9 post injury, he underwent a surgical procedure for management of his burn 

wounds.  

His wounds healed well post operatively and by discharge he had full range of motion in 

his fingers and shoulders, and slightly reduced range of motion in his right forearm as 

assessed by the physiotherapist.  

The patient was discharged after a 3 week admission under the burns early discharge 

program with close outpatient follow up, including regular physiotherapy.  
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During a follow up review in clinic one year post injury, the patient complained of 

problems with tightness reduced skin durability and reduced dexterity. He continued to 

work on this with upper limb physiotherapy exercises.  

 

Three years post injury the patient requested psychology review for what he perceived to 

be post traumatic stress disorder. He reported no issues carrying out his work on the farm, 

however stated that his reduced grip strength made it difficult for him to go water skiing. 

The patient continued to be reviewed by the physiotherapy department up until this time 

(three year post injury). By this time his scars had healed nicely, and he was continuing to 

work on upper limb range of movement, particularly at the wrist and grip strength.  

 

He underwent TMS testing 41 months post injury. 

 

This was a severe extensive burn injury involving both upper limbs and 24% TBSA. 

3.1.7.1 TMS 
 

Measurement  

Estimated 

map 

centre X 

Estimated 

map centre 

Y 

Threshold 

(% 

maximum 

stimulator 

intensity) 

Stimulus 

Intensity 

Less/uninjured 

side (left FDI) 

 

5 2 48 66 

Burn arm 

(right FDI) 

 

-6 0 55 58 

Table 3.19  TMS baseline measurements for patient 7.  

 

The estimated map centre used was more lateral and posterior than the less/uninjured side 

estimated map centre. The threshold was higher in the burn arm. 
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Measure

ment Optimal 

site X 

Optimal 

site Y COG X COG Y 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Less/uni

njured 

side (left 

FDI) 6.59 1.2 6.28 1.63 27 5.21 23.4 153 

Burn 

arm 

(right 

FDI) -6.42 0.54 -6.19 0.7 24.3 7.37 21.8 150 

Table 3.20 TMS results for patient 7.  

 

The optimal site and centre of gravity x coordinates are similar for both arms. The Y 

coordinate is more anterior in the less/uninjured side. The average MEP produced at the 

estimated map centre was greater, the latency was shorter, and the silent period of shorter 

duration in the burn arm compared with the less/uninjured side.   
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Figure 3.16 TMS map. Right hand image represents the left FDI (burn arm).  

 

The TMS map images in figure 3.16 show that there is no great asymmetry between these 

two maps. The left FDI map appears to have a greater area of lower intensity response 

than the right FDI map. 
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3.1.7.2 Sensory 
 

Measurement Light touch threshold 

(log force) 

Sharp Score 

(correct/5) 

Two point 

discrimination (mm) 

Less/uninjured side 

(left) 3.73 4 35 

Burn arm (right) 3.28 1 5 

Table 3.21 Sensory testing results.  

 

The patient has, on average, normal light touch in both arms. His sharp touch score is 

better in the left arm, and two point discrimination better in the right arm.  

3.1.7.3 Quality of life questionnaires 

 

3.1.7.3.1 QuickDASH 

 

o Disability/symptom score = 7.5 

o Work module score = 25 

§ Patient is a farmer 

o Sports/performing arts module score = 50 

§ Activities include water skiing 

 

3.1.7.3.2 BSHS-B 

 

• Score 135/156 

• Low score given for questions asking about work, heat sensitivity and 

treatment regimens. 
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Figure 3.17 BSHS brief version results for patient 7 represented by the red graphs 

and the full marks shown by the blue graphs. 



 55 

 

3.1.7.4 Summary 
 
Patient 7 is a 55 year old male who sustained significant 24% TBSA partial thickness 

burns including both upper limbs 3 years prior to testing. 

His “burn” arm was deemed to be the right arm. 

Sensory testing revealed similar light touch sensation, better sharp touch discrimination 

in the “control” arm and better two point discrimination in the “burn” arm.  

 

TMS mapping demonstrated a more posteriorly positioned optimal site in the burn arm. 

This is a different asymmetry to that seen in the maps of the previous patients.  

 

The TMS map area was slightly reduced in the “burn” arm. Previously, use dependent 

plasticity has been discussed in relation to this measurement. See 5.2.3. This patient’s 

“burn” arm is his dominant arm, which would be expected to be used more than the non 

dominant side. This patient did, however, report some disability with regard to work and 

recreational activities in particular. This may reflect less use than expected in the 

dominant hand, which would limit use dependent changes at the level of the cortex. In 

fact, if the patient is using the arm less than he normally would, this could explain the 

smaller TMS map area. A reduction in the amount of afferent feedback to the cortex 

through reduced activity would be expected to result in a shrinkage of the cortical 

representation of the target muscle being studied (Chen et al., 2002). 

 

The average MEP response at the estimated map centre was greater in the burn arm, 

indicating increased cortical excitability. This appears to contradict the TMS map area 

result, which suggests reduced excitability and/or reduced spread of TMS stimulus to 

produce a result (Thickbroom et al., 1997). It is important to remember, however, that the 

MEP measurement here is the average MEP response achieved at the estimated map 

centre for stimulation of the target muscle. If the area of cortical representation for the 

FDI in the burn arm has become smaller in response to less use as suggested above, it 

may be a reflection of reduced excitability in the neurons on the periphery of the cortical 
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map. In addition, this patient had a higher threshold to stimulation in the burn arm. While 

the average MEP produced at the estimated map centre is greater in the burn arm, a 

greater stimulus intensity was required to achieve it. The greater threshold requirement is 

suggestive of reduced excitability, in keeping with a smaller area of cortical 

representation. 
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3.1.8 Patient 8 
 

19 year old right hand dominant male who sustained 5% TBSA scald burns from steam 

from his car radiator.  

 

He presented to the Royal Perth Hospital emergency department and was found to have 

sustained partial thickness burns to his ventral forearms, lateral aspect of his left thumb, 

and superficial burns to the left side of his face. His wounds were treated conservatively 

with debridement of the wounds, emollient and dressings.  

 

He was discharged the following day for outpatient follow up. His wounds were healed 

by 2 weeks post injury, and he was assessed by the occupational therapist to have full 

range of motion in both wrists. 

 

 

He is an apprentice mechanic and reported no problems working at the time of TMS and 

sensory testing, approximately 6 weeks post burn, though he reported his left arm injury 

was worse than the right.  

 

This was a moderate burn injury that healed well with conservative management.  
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3.1.8.1 TMS 
 

Measurement  

 

Estimated map 

centre X 

Estimated map 

centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

intensity  

Less/uninjured 

side (right 

FDI) 

-5 

0 63 76 

Burn arm (left 

FDI) 

 

5 0 63 76 

Table 3.22 TMS baseline measurements for patient 8. 

 

Table 3.22 shows that there was no difference between the two arms with respect to the 

baseline TMS measurements.  

 

Measure

ment Optimal 

site X 

Optimal 

site Y COG X COG Y 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Less/uni

njured 

side 

(right 

FDI) -4.92 0.21 -5.16 0.04 24.1 5.69 21.8 124 

Burn 

arm (left 

FDI) 4.1 1.48 4.28 1.3 21.0 3.47 19.6 129 

Table 3.23 TMS results for patient 8. 
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The results as shown in Table 3.23 demonstrate that the x coordinate of both the optimal 

site and centre of gravity is more medial and the y coordinate is more anterior in the left 

arm compared with the right arm. The average MEP produced at the estimated map 

centre was smaller, the latency was shorter, and the silent period more prolonged in the 

left arm compared with the right arm.  

 

 

 

Figure 3.18 TMS map images. Image on the right represents the burn arm (left 

arm). 
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The TMS map images correspond with the TMS results. The image in figure 3.18 shows 

a more anterior and medial optimal site for the left FDI map compared with the right, and 

the brighter map representing the left FDI is indicative of greater response sizes in that 

hand.  

3.1.8.2 Sensory 
 

Measurement Light touch threshold 

(log force) 

Sharp Score 

(correct/5) 

Two point 

discrimination (mm) 

Less/uninjured side 

(right ventral forearm) 2.83 5 20 

Burn arm (left ventral 

forearm) 3.61 5 25 

Table 3.24 Sensory testing results for patient 8.  

 

The patient has no sensory deficit in his right forearm. He has reduced light touch 

sensation in his left hand. Two point discrimination is slightly better in the right arm 

compared with the left.  

3.1.8.3 Quality of life questionnaires 
 

3.1.8.3.1 QuickDASH 

 

o Disability/Symptom score = 2.27 

o Work module score = 0 

§ Works as an apprentice mechanic 

o Sports/Performing arts module 

§ N/A 
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3.1.8.3.2 BSHS-B 

 

• Score 135/160 

• Low score given for questions asking about work, heat sensitivity, and 

treatment regimen 

 

 

Figure 3.19 BSHS brief version results for patient 8 represented by the red graph 

and full marks represented by the blue graph. 
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3.1.8.4 Summary 
 
Patient 8 is a 19 year old male who sustained isolated bilateral partial thickness upper 

limb burns. 

The “burn” arm had reduced light touch sensation.  

 

TMS mapping optimal site again was more medial and anteriorly positioned in the burn 

arm. Five of the seven patients discussed above demonstrated a more medially positioned 

x coordinate in their burn arm. The TMS map area is smaller in the dominant burn arm. 

This is similar to the pattern of results seen in Patient 7, also a bilateral upper limb burn 

injury, the worse arm being the dominant side. This patient differs in that his average 

MEP recorded from the estimated map centre is smaller in the “burn arm” compared with 

the less/uninjured arm. This indicates reduced excitability, though MEP measurements 

have been shown to be highly variable and can change from stimulus to stimulus(Rosler 

and Magistris, 2011). This patient demonstrated a prolonged silent period in the burn 

arm, suggesting increased intracortical inhibition in this arm compared with the other. 

Comparing this result with Patient 7, however, this patient has a shorter silent period 

duration, indicating overall less intracortical inhibition. This may be due to the fact that 

this patient was only 6 weeks post burn injury, whereas Patient 7 was 3 years post burn 

injury. Factors such as pain lead to increased excitability at the level of the cortex (Karl et 

al., 2001, Flor et al., 1995). This is the case in the acute phase post burn injury. This 

patient had a shorter silent period duration than 7 of the 9 patients who had sustained 

their burn injuries greater than 6 months prior to testing, in keeping with the idea that 

early wound healing factors are contributing to reduced inhibition in the cortex. 
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3.1.9 Patient 9 
 

59 year old right hand dominant male, amateur race car driver, who sustained 15% TBSA 

mixed partial and full thickness burns after his rally car crashed and caught alight. He self 

extracted from the car, and was taken to the Royal Perth Hospital emergency department.  

 

The patient sustained 15% TBSA full thickness burns to his left base of thumb, left 

forearm, left thigh, as well as partial thickness burns to his left shoulder and left leg and 

right knee. The left thumb burn was circumferential; with areas of partial and full 

thickness injury. He was admitted to the burns unit. He underwent surgery for 

management and closure of his burn wounds. 

 

Post operatively the wounds healed well, and the patient continued to receive 

physiotherapy and occupational therapy during admission. He was discharged for 

outpatient follow up with pressure garments and silicone to wear on his left thigh and left 

thumb. 

 

All his wounds were healed save for the base of thumb injury that had hypertrophic 

scarring but full range of motion, as per the assessment performed by an occupational 

therapist at his outpatient follow up appointment.  

He complains of shooting pains in his left arm from his elbow to his wrist, and pain in the 

base of thumb wound, particularly when the pressure garment is removed. There are no 

fractures visible on x ray imaging, and there has been no further intervention for the 

patient’s neuropathic pain.  

 

He underwent TMS testing 6 weeks post burn injury. His wounds at this time were healed 

though the base of thumb wound still appeared red and tender. 

 

This was a severe unilateral dominant upper limb burn injury requiring surgical 

intervention and ongoing treatment for scar management.  
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3.1.9.1 TMS 
 

Measurement  

 

Estimated map 

centre X 

Estimated map 

centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

intensity 

Less/uninjured 

side (right 

FDI) 

 

-6 

0 65 78 

Burn arm (left 

FDI) 

 

6 0 85 90 

Table 3.25 Baseline TMS measurements for patient 9.  

Table 3.25 shows that the estimated map centres do not differ between burn and 

less/uninjured side. The threshold required to produce a response in the burn arm was 

greater than the less/uninjured side. Stimulus intensity for the burn arm was set at 90% of 

maximum stimulator intensity as this was the maximum stimulus intensity that was 

tolerated by the patient.  

 

Measure

ment Optimal 

site X 

Optimal 

site Y COG X COG Y 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Less/uni

njured 

side 

(right 

FDI) -6.88 0.95 -6.67 1.2 22.8 2.02 24.1 108 

Burn 

arm (left 

FDI) 6.36 1.63 6.28 1.63 23.9 1.23 24.0 76.7 

Table 3.26 TMS results for patient 9.  
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Results in Table 3.26 show the x coordinate for optimal site and centre of gravity 

calculations is more medial and anterior in the burn arm compared with the less/uninjured 

side. The average MEP produced at the estimated map centre was less, latency was 

similar, and silent period duration was shorter in the burn arm compared with the 

less/uninjured side.  
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Figure 3.20 TMS Map for Patient 9. Burn arm (left FDI) map is represented by the figure 

on the right. 

 

The TMS map results are shown in figure 3.20. The colour of the map clearly shows 

smaller responses obtained from the left FDI  (image on the right) compared with the 

right FDI. Optimal sites are in a similar position. 

3.1.9.2 Quality of life questionnaires 

3.1.9.2.1 QuickDASH 

 

o Disability/symptom score = 0 

o Work module = N/A 

o Sports/performing arts module = N/A 

 

3.1.9.2.2 BSHS-B 

 
• Score 129/160 

• Low score given for questions relating to work and heat sensitivity.  
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Figure 3.21 BSHS brief version results for patient 9 represented by the red graphs. 

Full marks are represented by the blue graphs. 

3.1.9.3 Summary 
 
59 year old right hand dominant male who sustained 15% TBSA burns including 

unilateral upper limb burn 6 weeks prior to testing. 

 

TMS results to note are a reduced average MEP size at the estimated map centre in the 

burned arm and markedly shorter silent period in the burn arm. This is consistent with a 

reduction in cortical excitability and also a reduction in intracortical inhibition. It can be 

hypothesised that these findings are due to a reduction in excitability of intra cortical 

connections in the region of representation of the FDI muscle, including both inhibitory 

and excitatory inputs. The result of a reorganisation of intracortical inputs (through 

increasing and decreasing excitatory and inhibitory inputs) may be seen in the resulting 

TMS map. For this patient, the TMS map optimal site is located in a similar position for 

both the burn and less/uninjured side. We know that this patient sustained full thickness 

burns to the left hand, thus would expect to see damage to the sensory nerves and thus 

disruption of the afferent input to the cortical region corresponding to the left hand. 
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Results of previous studies would lead us to expect a shrinking of the cortical 

representation of that muscle in response to such an injury, and a shifting of the site of 

cortical representation (Chen, 2002). In this case, the site of cortical representation is 

relatively symmetrical when comparing the burned hand with the unburned hand, and the 

TMS map area is greater in the burned arm. As has already been discussed in chapter 5 

factors in early wound healing such as pain and inflammation may have an effect on 

cortical excitability. In addition, training or repetitive use may also influence the cortical 

representation of a particular body part (Angelov et al., 2007, Beazley et al., 2003, 

Dunlop and Steeves, 2003, Hummel, 2005). Whilst we do not know whether this patient 

was practicing repetitive movements with his burned arm, it was his dominant limb. We 

may reasonably expect the dominant limb to practice more repeated and skilled 

movements than the non dominant side, which could have an effect on cortical 

representation. In the case of a burned patient, the injury may lead to less use of the 

burned arm. This patient did acknowledge an effect on his functioning at work (he is a 

rally car driver), but no effect on fine motor skills. This indicates that his hand function, 

at least subjectively, was in tact, which corresponds with the preserved TMS map area 

and location.  
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3.1.10 Patient 10 
 

21 year old right hand dominant female who sustained a full thickness right hand burn 

from hot syrup at age 20.  

 

She works as a waitress and is a classical singer studying at university. 

 

The patient initially presented to the Swan Health Service after spilling hot syrup on her 

right hand. She had immediately run her hand under cold running water for 1 minute 

before presenting to the emergency department.  

She had sustained a 2% TBSA full thickness burn that involved the webspaces of the 1st-

3rd fingers.  

The case was discussed with the Royal Perth Burns Service. The wound was dressed with 

duoderm and the patient was discharged for follow up in the outpatient clinic in 2 days’ 

time.  

 

On review in the outpatient burns clinic the patient was admitted for surgical 

management of her injury.  

Post operatively the wound healed well. The patient was discharged with a pressure 

garment to be worn daily. 

 

During outpatient follow up the scar was noted to be healing well, albeit with thickening 

in the 1st web space. The patient continued to wear a pressure glove, and perform 

massage and stretching exercises on this area. 

By two years post injury, the patient was still continuing to wear her pressure garment 

during the day, and complaining of a tight first web space. This was supported by range 

of movement assessment performed by the occupational therapists, which demonstrated 

reduced range of motion with regard to thumb MCP extension. She has been planned for 

a scar contracture release to help improve her range of movement, but this has not been 

performed yet. 
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She underwent TMS testing 7 months post burn.  

 

This was a moderate burn injury that required surgical management and ongoing 

intervention for scar management. 
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3.1.10.1 TMS 
 

Measurement  

 

Estimated map 

centre X 

Estimated map 

centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

intensity 

Less/uninjured 

side (left FDI) 

 

6 0 50 60 

Burn arm 

(right FDI) 

 

-6 0 40 48 

Table 3.27 Baseline TMS measurements for patient 10.  

 

The same estimated map centre was used for both hands. Threshold required to elicit a 

response in the target FDI muscle was lower in the burn arm compared with the 

less/uninjured side.  

Measure

ment Optimal 

site X 

Optimal 

site Y COG X COG Y 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Less/uni

njured 

side (left 

FDI) 4.8 -0.7 5.02 -1.04 24.5 4.24 20.5 160 

Burn 

arm 

(right 

FDI) -4.76 -0.96 -4.98 -1.21 25.4 6.59 19.8 150 

Table 3.28 TMS results for patient 10.  
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There was very little difference between arms with respect to the centre of the map or 

centre of gravity locations. The average MEP produced at the estimated map centre was 

greater, latency was shorter and silent period duration was shorter in the burn arm when 

compared with the less/uninjured side. 

 

 

 

Figure 3.22 TMS map of left and right FDI muscles of patient 10. The burn arm (right 

arm) is represented by the image on the left. 
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TMS maps for patient 10 are shown in figure 3.22. The colour of the map indicates 

greater intensity of responses elicited from the right FDI (burn arm, left side image) 

compared with the left FDI. 

3.1.10.2 Quality of life questionnaires 
 

3.1.10.2.1 QuickDASH 

 

o Disability/symptom score = 25.45 

o Work module score = 12.5 

§ Waitress 

o Sports/performing arts module 

§ N/A 

 

3.1.10.2.2 BSHS-B 

 

• Score 142/160 

• Low score given for hand function, work, and treatment regimen 

questions. 
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Figure 3.23 BSHS brief version results for patient 10 represented by the red graphs, 

and full marks represented by the blue graphs. 

 

3.1.10.3 Summary 
 
Patient 10 is a 21 year old female who sustained a unilateral upper limb burn to her 

dominant hand 7 months prior to testing.  

 

Her TMS map optimal site position was similar in the burn and uninjured hands. She had 

an increased average MEP at the estimated map centre and shorter silent period in the 

burn arm, consistent with increased cortical excitability and decreased intracortical 

inhibition. She reported limitations in hand function, as demonstrated in her quality of 

life questionnaires. The picture of increased excitability and reduced intracortical 

inhibition as demonstrated by the average MEP and silent period duration measurements 

respectively, appears to be a more common theme throughout these patients. In fact, 

those patients who sustained a burn <2 years ago had significantly shorter silent period in 

their burn arm when compared to the uninjured population. Again, this could be a 



 75 

consequence of factors such as pain and inflammation during the acute phase of wound 

healing. 
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3.1.11 Patient 11 
 

39 year old left hand dominant male refrigerator mechanic who suffered 2% TBSA 

bilateral upper limb cold burns after spilling liquid gas on his arms. He was wearing 

leather gloves at the time of injury, and sustained superficial partial thickness burns to the 

left forearm and wrist and right hand.   

 

The injury occurred in Tom Price, and the patient was transferred to Royal Perth 

Hospital. He was admitted to the burns unit overnight. The burns were treated 

conservatively with dressings and he was discharged for outpatient follow up. 

 

His wounds healed well, and he maintained full range of motion as per the occupational 

therapist’s assessment. He was given a home exercise program to continue with. 

 

One year post injury, he complained of hypersensitivity in his hands, and reduced 

strength. He underwent desensitisation treatment and occupational hand therapy. This 

was to good effect, and he was discharged from the burns outpatient clinic 18 months 

post injury. 

 

The patient underwent TMS testing 13 months post injury.  

 

This was a mild/moderate bilateral upper limb burn injury that healed well with 

conservative treatment.  
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3.1.11.1 TMS 
 

Measurement Estimated 

map 

centre X Estimated 

map centre 

Y 

Threshold 

(% 

maximum 

stimulator 

intensity) 

Stimulus 

intensity 

Less/uninjured 

side (left FDI) 

 

6 0 55 66 

Burn arm 

(right FDI) 

 

-6 0 43 52 

Table 3.29 TMS baseline measurements used for patient 11.  

 

There was no difference in the position of the estimated map centre used for each arm. 

Threshold required to elicit a response in the target muscle was lower in the burn arm 

compared with the less/uninjured side. 

Measure

ment Optimal 

site X 

Optimal 

site Y COG X COG Y 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Less/uni

njured 

side (left 

FDI) 5.37 0.7 5.3 0.79 29.9 4.22 24.5 152 

Burn 

arm 

(right 

FDI) -5.52 0.54 -5.77 0.54 26.1 5.67 22.1 115 

Table 3.30 TMS data results.  
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Results for patient 11 are seen in Table 3.30. The optimal site and centre of gravity 

indicated slightly more medial x coordinate position and posterior y coordinate position 

in the burn arm compared with the less/uninjured side. Average MEP produced at the 

estimated map centre was greater, latency was shorter, and silent period was shorter in 

the burn arm when compared with the less/uninjured side. 
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Figure 3.24 TMS map of left and right FDI muscle of patient 11. The burn arm (right 

arm) is represented by the image on the left.  

 

TMS map images are seen in figure 3.24. The colour of the map indicates greater 

intensity of responses elicited from the right FDI (burn arm, left side image) compared 

with the left FDI. 

3.1.11.2 Quality of life questionnaires 
 

3.1.11.2.1 QuickDASH 
 

o Disability/Symptom score = 18.18 

o Work module score =25 

§ Refrigeration mechanic 

§ Sports/performing arts module score = 18.75 

• Volleyball 

 

3.1.11.2.2 BSHS-B 
 

• Score 136/160 

• Low score given for hand function, work, heat sensitivity, 

treatment regimens and body image questions. 
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Figure 3.25 BSHS brief version results for patient 11 represented by the red graphs, 

full marks represented by the blue graphs. 



 81 

 

3.1.11.3 Summary 
 
Patient 11 is a 39 year old who sustained isolated bilateral upper limb burn injuries 13 

months prior to testing. The burn involved the left forearm and wrist and right hand, 

which was designated the “burn” side for results analysis. 

TMS results to note are the increased average MEP at the estimated map centre and 

shorter silent period in the burn arm for this patient. As with Patient 9, this indicates a 

reduction in intracortical excitability and inhibition. This patient does report some 

difficulty with hand function due to his burn. It is worth considering whether these 

changes are occurring to improve hand function or have contributed to the effect on hand 

function.  

Patient 9 also reported diminished function at work due to his injury. It is almost 

impossible to say whether such a pattern has resulted in improved functional outcome or 

reduced functional outcome. There does not appear to be any pattern of silent period 

results when comparing those who have reported no functional disability on their 

questionnaires with those who have. See Supplementary Appendix 4 for this comparison. 

Longitudinal studies could certainly help to shed more light on this question.  
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3.1.12 Patient 12 
 

17 year old right hand dominant male who sustained bilateral hand burns from boiling 

oil. 

 

The patient sustained his injury when he spilled boiling oil on his hands. He ran his left 

hand under cold water for a few seconds before presenting to the Royal Perth Hospital 

emergency department. He was assessed to have a 2% TBSA burn to both hands. He had 

a superficial burn and blister to his left palm and thenar eminence. He had sustained a 

partial thickness burn to the dorsum and palmar aspect of the right thumb with reduced 

sensation. He had a superficial burn and blister to the dorsum of the right hand. He was 

seen by the burns registrar in the emergency department, and discharged with dressings 

analgesia, and dressing clinic follow up dressing change in 3 days.  

 

The wounds appeared to be healing well at 3 days post burn, and the patient was 

reviewed in clinic. He was seen by the burns specialist and admitted from clinic to Royal 

Perth Hospital for surgical management of his left hand injury. 

He recovered well from the procedure and was discharged 4 days later, with a pressure 

garment to wear on his right hand.  

 

At follow up review six months post injury, the scar was assessed to be red and raised 

less than 2mm. The patient was advised to continue moisturising and massaging the 

wound, and to continue to wear the pressure garment at night for a further 3 months, with 

continuing follow up with the occupational therapist. He has full range of movement in 

that hand and fingers. 

 

He underwent TMS testing 6 weeks post injury. 

 

This was a moderate burn injury involving bilateral upper limbs.  
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3.1.12.1 TMS 
 

Measurement Estimated 

map 

centre X Estimated 

map centre 

Y 

Threshold 

(% 

maximum 

stimulator 

intensity) 

Stimulus 

intensity 

Less/uninjured 

side (left FDI) 

 

6 0 50 60 

Burn arm 

(right FDI) 

 

5 0 35 42 

Table 3.31 TMS baseline results for patient 12.  

As seen in Table 3.31, which shows the TMS baseline results for patient 12, the estimated 

map centre used was more medial for the burn arm compared with the less/uninjured 

side. The threshold required to elicit a response was lower in the burn arm compared with 

the less/uninjured side.  

 

Measure

ment Optimal 

site X 

Optimal 

site Y COG X COG Y 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Less/uni

njured 

side 

(left 

FDI) 6.19 0.7 5.26 1.04 29.7 8.61 21.1 132 

Burn 

arm 

(right 

FDI) -5.59 -0.37 -5.17 -0.29 16.3 8.00 21.0 88.1 

Table 3.32 TMS data results.  
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TMS results for patient 12 are shown in Table 3.32. The location of the calculated 

optimal site and centre of gravity x coordinate was more medial, and y coordinate more 

posterior in the burn arm compared with the less/uninjured side. The average MEP 

produced at the optimal was slightly less; the latency was shorter and silent period 

duration shorter in the burn arm compared with the less/uninjured side.  

 

 

 

Figure 3.26 TMS map images for patient 12. The image on the left represents the 

burn arm (right FDI). 
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The TMS map images for patient 12 are shown in figure 3.26. The TMS map 

demonstrates a vastly different map for the right FDI (burn arm, image on the left) when 

compared with the left FDI. The map is smaller, its centre is located more posteriorly, 

and the colour indicates that the responses elicited were smaller in this hand compared 

with the uninjured left hand. 

3.1.12.2 Quality of life questionnaires 
 

3.1.12.2.1 QuickDASH 

 

o Disability/Symptom score = 20.45 

o Work module score  

§ N/A 

o Sports/Performing arts module score = 18.75 
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3.1.12.3 Summary 
 
Patient 12 is a right hand dominant male who sustained isolated bilateral upper limb burn 

injuries 6 weeks prior to testing. His left hand burn was only superficial and the right 

hand burn required surgery to achieve satisfactory wound closure. Superficial burns are 

not routinely included in total body surface area calculation, and for this reason this 

patient was included in the “unilateral” group for the purposes of analysis. 

 

TMS mapping optimal site position is more medial and posterior in the burn hand. The 

more medial location of the x coordinate is a commonly encountered result in these 

patients and will be discussed in more depth later in the chapter.  

 

In this case, again the average MEP at the estimated map centre is smaller, albeit 

marginally, and the silent period duration is shorter in the burn arm compared with the 

less/uninjured arm. 

 

This patient demonstrates a markedly different TMS map appearance and area when 

comparing the “burn” arm to the “control” arm. The TMS map area is much smaller in 

his dominant burn arm. The notion of use dependent conservation of the TMS map area 

in the dominant hand has been discussed in previous cases. It is worth revisiting in this 

patient in light the fact that he is a pianist. As such, he could be expected to have an 

increased cortical representation of his hand flexor and extensor muscles (Pascual-Leone 

et al., 1995). He has reported limitations in hand function in his quality of life 

questionnaires. This patient’s view of hand function may be different to that of the 

average person, as he has hands that are trained to perform specific fine motor 

movements. In addition, in order to preserve his usual cortical organisation, he would 

need to maintain his usual level of activity. This would be nigh on impossible during a 

preoperative and postoperative period following a burn injury to his hand. It is important 

to appreciate the plasticity of the cortex is not just influenced by injury of amputation, but 

by everyday influences and environments. Thus a pianist who practices 6 hours a day, or 



 87 

a surgeon who operates for 12 hours each day, for example, would not be expected to 

have the same cortical representation for the intrinsic hand muscles as a person whose 

profession does not involve repetitive fine motor skills. 
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3.1.13 Patient 13 
 

60 year old right hand dominant male who sustained a hot water thermal burn to his right 

middle finger.  

 

He presented to the Royal Perth Hospital emergency department where he received first 

aid treatment for a 2% TBSA partial thickness burn to his right middle finger, involving 

the dermis between the proximal and distal interphalangeal joints. He was seen by the 

burns registrar, and discharged for conservative management and clinic follow up.  

At outpatient clinic review one week post injury the wound had healed nicely and the 

patient did not require any further follow up.  

 

He underwent TMS testing 6 weeks post injury. 

 

This was a mild burn injury that healed well following conservative management.  
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3.1.13.1 TMS 
 

Measurement  

 

Estimated map 

centre X 

Estimated map 

centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

intensity 

Less/uninjured 

side (left FDI) 

 

6 0 55 66 

Burn arm 

(right FDI) 

 

-6 2 43 52 

Table 3.33 Baseline TMS measurements for patient 13.  

 

Baseline TMS measurements for patient 13 are seen in Table 3.33. The estimated map 

centre used was more anterior for the burn arm compared with control. Threshold 

required to elicit a response in the target FDI was lower in the burn arm compared with 

the uninjured control. 

 

Measure

ment Optimal 

site X 

Optimal 

site Y COG X COG Y 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Less/uni

njured 

side (left 

FDI) 4.42 2.88 5.23 2.26 35 7.84 24.8 132 

Burn 

arm 

(right 

FDI) -5.5 1.38 -5.36 1.46 15.0 6.33 25.4 103 

Table 3.34 TMS results for patient 13.  
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TMS results for patient 13 are presented in Table 3.34. The calculated optimal site and 

centre of gravity x coordinate was more medial for the burn arm than the less/uninjured 

side, though this difference was more marked in the optimal site calculation than the 

centre of gravity calculation. The calculated y coordinate was positioned more posteriorly 

in the burn arm by both the optimal site and centre of gravity calculations. The average 

MEP produced at the estimated map centre was less, the latency was longer and the silent 

period duration reduced in the burn arm compared with the uninjured less/uninjured side.  

 

 

 

 



 91 

 

Figure 3.27 TMS map for left and right FDI for patient 13. The image on the left 

represents the burn (right FDI) arm. 

 

The TMS map images for patient 13 are seen in figure 3.28. The TMS map demonstrates 

a vastly different map for the right FDI (burn arm, image on the left) when compared 

with the left FDI. The map is smaller, its centre is located more posteriorly, and the 

colour indicates that the responses elicited were smaller in this hand compared with the 

uninjured left hand. 
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3.1.13.2 Quality of life questionnaires 
 

3.1.13.2.1 QuickDASH 
 

o Disability/symptoms score = 0 

o Work module score = 0 

§ IT procurement 

o Sports/Performing arts module score = 0 

§ Squash 
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3.1.13.3 Summary 
 
Patient 13 is a 60 year old male who sustained a small isolated unilateral upper limb burn 

injury involving only his right middle finger 6 weeks prior to testing.  

 

His injury was very minimal, however he has demonstrated similar asymmetries in his 

TMS measures to those found in other cases.  

For example, he has a smaller average MEP amplitude at the estimated map centre and 

shorter silent period in the burn arm.  

 

His TMS mapping optimal site position is more lateral and posterior in the burn arm 

compared with the less/uninjured side. A more lateral x coordinate was only seen in one 

other burns patient, patient 6, whose injuries were severe and extensive. Unlike most of 

the other cases, this patient did not undergo surgery for treatment of his burn wounds, 

which were healed well by 2 weeks post injury with no reported functional deficit.  

Regardless, his TMS map area is much smaller in the burn arm, which is also his 

dominant arm. This is particularly interesting given the relatively small extent of this 

patient’s injury. 
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3.2 Uninjured 

3.2.1 Subject 1 

43 year old right hand dominant male. 

 

 

Measurement  

 

Estimated 

map 

centre X 

Estimated 

map centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

Intensity 

Left FDI  

6 2 50 60 

Right FDI  

-6 0 55 66 

Table 3.35 TMS baseline measurements for subject 1.  

Measurement 

Optimal 

site X 

Optimal 

site Y 

 

 

COG 

X 

 

 

COG 

Y 

 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Left FDI 

6.04 2.15 

 

6.06 

 

1.98 

 

20.5 3.42 24.0 119 

Right FDI 

-5.85 1.12 

 

-5.3 

 

1.21 

 

23.7 5.43 24.5 136 

Table 3.36 TMS results for subject 1. 

 

TMS baseline measurements are seen in Table 3.35. The results of the TMS testing are 

presented in Table 3.36, showing some asymmetries between the left and right hands. 
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The TMS map images are seen in Figure 3.28. It is clear from the images that the map 

position and intensity of responses are much different between the left and right hand.  

 

 

 

 

 

Figure 3.28 TMS map images showing left FDI map on the right and right FDI map 

on the left.  
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3.2.2 Subject 2 

 

18 year old left hand dominant female. 

 

Measurement  

 

Estimated 

map 

centre site 

X 

Estimated 

map centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

Intensity 

Left FDI  

6 0 74 81* 

Right FDI  

-6 0 78 86* 

Table 3.37 TMS baseline measurements for subject 2. 

Map at 1.1% threshold 

 

Measurement 

Optimal 

site X 

Optimal 

site Y 

 

 

COG 

X 

 

 

COG 

Y 

 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Left FDI 

7.57 0.45 

 

6.66 

 

1.12 

 

94.3 5.90 20.8 228 

Right FDI 

-4.89 1.73 

 

-5.33 

 

-0.12 

 

 

82.6 0.67 20.8 184 

Table 3.38 TMS mapping results for subject 2. 
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TMS baseline measurements are seen in Table 3.37. The results of the TMS testing 

are presented in Table 3.38, showing some asymmetries between the left and right 

hands. The TMS map images are seen in 

 

Figure 3.29. These map images are of a very irregular shape. 
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Figure 3.29 TMS map images showing right FDI on the left and left FDI on the 

right. 
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3.2.3 Subject 3 

22 year old right hand dominant male. 

 

Measurement  

 

Estimated 

map 

centre X 

Estimated 

map centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

Intensity 

Left FDI  

6 0 50 60 

Right FDI  

-6 0 55 66 

Table 3.39 TMS baseline measurements for subject 3. 

Measure

ment 

Optimal 

site X 

Optimal 

site Y 

 

 

COG X 

 

 

COG Y 

 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Left FDI 

5.86 0.7 

 

5.89 

 

0.87 

 

28.7 5.13 22.9 148 

Right 

FDI -5.99 0.29 

 

-5.99 

 

0.21 

 

18.4 3.03 23.7 153 

Table 3.40 TMS mapping results for subject 3. 

TMS baseline measurements are seen in Table 3.39. The results of the TMS testing 

are presented in Table 3.40, showing some asymmetries between the left and right 

hands, mainly with respect to map area and MEP response. The TMS map images 
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are seen in 

 

Figure 3.30. The map as shown is much brighter for the left FDI compared with the right 

FDI. 

 

 

 

Figure 3.30 TMS mapping images for subject 3. The right FDI is represented by the 

image on the left and the left FDI by the image on the right.  
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3.2.4 Subject 4 

 

19 year old right hand dominant male. 

 

Measurement  

 

Estimated 

map 

centre X 

Estimated 

map centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

Intensity 

Left FDI  

6 0 65 78 

Right FDI  

-6 0 57 68 

Table 3.41 TMS baseline measurements for subject 4.  

Measurement 

Optimal 

site X 

Optimal 

site Y 

 

 

COG 

X 

 

 

COG 

Y 

 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Left FDI 

4.56 1.13 

 

4.58 

 

1.21 

 

19.1 5.62 23.9 146 

Right FDI 

-7.09 0.62 

 

-6.92 

 

0.54 

 

28.5 9.87 25.3 173 

Table 3.42 TMS results for subject 4. 

 

TMS baseline measurements are seen in Table 3.41. The results of the TMS testing 

are presented in Table 3.42, showing some asymmetries between the left and right 

hands, in particular with respect to the position of the optimal site and centre of 
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gravity. The TMS map images are seen in 

 

Figure 3.31. There is an obvious difference in the colour of the map comparing the right 

to left FDI, correlating to the intensity of responses obtained from the muscles after TMS. 

 

 

 

 

Figure 3.31 TMS map images for subject 4. The right FDI is represented by the map 

on the left and the left FDI by the map on the right. 
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3.2.5 Subject 5 

55 year old left hand dominant female. 

 

Measurement  

 

Estimated 

map 

centre X 

Estimated 

map centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

Intensity 

Left FDI  

6 0 48 58 

Right FDI  

-5 0 53 64 

Table 3.43 TMS baseline measurements for subject 5. 

Measurement 

Optimal 

site X 

Optimal 

site Y 

 

 

COG 

X 

 

 

COG 

Y 

 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Left FDI 

6.8 1.46 

 

6.92 

 

1.2 

 

38.1 4.55 20.2 114 

Right FDI 

-6.61 -1.29 

 

-6.3 

 

-0.87 

 

51 4.57 19.6 130 

 

Table 3.44 TMS results for subject 5.  

 

TMS baseline measurements are seen in Table 3.43. The results of the TMS testing 

are presented in Table 3.44, showing some asymmetries between the left and right 
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hands. The TMS map images are seen in 

 

Figure 3.32. The maps are of irregular shape, with the left FDI map being positioned 

more anteriorly compared with the right FDI.  

 

 

 

Figure 3.32 TMS map images for subject 5. Left FDI is represented in the map on 

the right, and right FDI in the map on the left. 
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3.2.6 Subject 6 

28 year old right hand dominant male. 

  

Measurement  

 

Estimated 

map 

centre X 

Estimated 

map centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

Intensity 

Left FDI  

6 2 48 58 

Right FDI  

-6 0 48 58 

Table 3.45 TMS baseline measurements for subject 6. 

Measurement 

Optimal 

site X 

Optimal 

site Y 

 

 

COG 

X 

 

 

COG 

Y 

 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Left FDI 

4.52 0.96 

 

5.02 

 

1.04 

 

20.1 7.13 21.7 77.7 

Right FDI 

-4.28 0.96 

 

-4.54 

 

0.62 

 

21.7 3.91 21.4 144 

Table 3.46 TMS results for subject 6.  

 

TMS baseline measurements are seen in Table 3.45. The results of the TMS testing 

are presented in Table 3.46, showing some asymmetries between the left and right 

hands, particularly with respect to silent period duration. The TMS map images are 
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seen in 

 

Figure 3.33.  

 

 

 

 

Figure 3.33 TMS map images for subject 6. Left FDI represented by the map on the 

right and right FDI by the map on the left.
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3.2.7 Subject 7 

21 year old right hand dominant male. 

 

Measurement  

 

Estimated 

map 

centre X 

Estimated 

map centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

Intensity 

Left FDI  

6 0 44 53 

Right FDI  

-6 0 40 48 

Table 3.47 TMS baseline measurements for subject 7. 

Measurement 

Optimal 

site X 

Optimal 

site Y 

 

 

COG 

X 

 

 

COG 

Y 

 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Left FDI 

5.59 -1.04 

 

5.75 

 

-1.04 

 

23.3 4.13 21.5 102 

Right FDI 

-5.16 -0.12 

 

-5.25 

 

-0.12 

 

19.8 4.77 21.8 136 

Table 3.48 TMS results for subject 7. 

 

TMS baseline measurements are seen in Table 3.47. The results of the TMS testing 

are presented in Table 3.48, showing some asymmetries between the left and right 

hands, most notably with respect to the silent period. The TMS map images are seen 
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in 

 

Figure 3.34. Of note is the darker colour of the left FDI map, indicating a smaller size of 

response elicited in the left FDI compared with the right. 

 

 

 

Figure 3.34 TMS map images for subject 7. The left FDI is represented by the map 

on the right and the right FDI by the map on the left. 
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3.2.8 Subject 8 

22 year old right hand dominant male. 

 

Measurement  

 

Estimated 

map 

centre X 

Estimated 

map centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

Intensity 

Left FDI  

6 2 50 60 

Right FDI  

-6 2 40 48 

Table 3.49 TMS baseline measurements for subject 8. 

Measurement 

Optimal 

site X 

Optimal 

site Y 

 

 

COG 

X 

 

 

COG 

Y 

 

 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Left FDI 

6.35 1.89 

 

6.7 

 

1.71 

 

26.9 5.59 24.5 161 

Right FDI 

-5.32 0.87 

 

-5.6 

 

0.54 

 

22.3 5.26 24.5 122 

Table 3.50 TMS results for subject 8. 

 

TMS baseline measurements are seen in Table 3.49. The results of the TMS testing 

are presented in Table 3.50, showing some asymmetries between the left and right 

hands, most notably with respect to the optimal site and centre of gravity position, 
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and silent period. The TMS map images are seen in 

 

Figure 3.35. 

 

 

Figure 3.35 TMS map for subject 8. Right FDI is represented by the map on the left, 

left FDI by the map on the right.
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3.2.9 Subject 9 

 

24 year old left hand dominant male. 

 

 

Measurement  

 

Estimated 

map 

centre X 

Estimated 

map centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

Intensity 

Left FDI  

6 0 38 46 

Right FDI  

-6 0 40 48 

Table 3.51 TMS baseline measurements for subject 9. 

Measurement 

Optimal 

site X 

Optimal 

site Y 

 

 

COG 

X 

 

 

COG 

Y 

 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Left FDI 

5.47 0.79 

 

5.38 

 

0.79 

 

21.7 9.65 21.8 188 

Right FDI 

-5.71 0.79 

 

-6.08 

 

0.29 

 

27.8 9.33 22.6 141 

Table 3.52 TMS testing results for subject 9. 

 

TMS baseline measurements are seen in Table 3.51. The results of the TMS testing 

are presented in Table 3.52; showing some asymmetries between the left and right 
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hands, most notably with respect to the TMS map area and the duration of the 

silent period. The TMS map images are seen in 

 

Figure 3.36. 

 

 

 

Figure 3.36 TMS produced maps for subject 9. The map of the left FDI is 

represented by the map on the right, and the map of the right FDI is represented by 

the map on the left. 
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3.2.10 Subject 10 

21 year old right hand dominant female. 

 

Measurement  

 

Estimated 

map 

centre X 

Estimated 

map centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

Intensity 

Left FDI  

6 0 38 46 

Right FDI  

-6 0 40 48 

Table 3.53 TMS baseline measurements for subject 10. 

Measurement 

Optimal 

site X 

Optimal 

site Y 

 

 

COG 

X 

 

 

COG 

Y 

 

 

 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Left FDI 

7.24 1.2 

 

7.23 

 

1.12 

 

29.6 7.07 20.3 173 

Right FDI 

-5.75 1.04 

 

-5.97 

 

0.87 

 

 

27.5 8.64 20.0 198 

Table 3.54 TMS mapping results for subject 10. 
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TMS baseline measurements are seen in Table 3.53. The results of the TMS testing 

are presented in Table 3.54, showing some asymmetries between the left and right 

hands, most notably with respect to the optimal site and centre of gravity position, 

and silent period. The TMS map images are seen in 

 

Figure 3.37. 
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Figure 3.37 TMS produced maps for subject 10. The left FDI is represented by the 

map on the right, and the right FDI is represented by the map on the left. 
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3.2.11 Subject 11 

 

34 year old right hand dominant male. 

 

 

Measurement  

 

Estimated 

map 

centre X 

Estimated 

map centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

Intensity 

Left FDI  

6 2 45 54 

Right FDI  

-6 2 43 51 

Table 3.55 Baseline TMS measurements for subject 11. 

Measurement 

Optimal 

site X 

Optimal 

site Y 

 

 

COG 

X 

 

 

COG 

Y 

 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Left FDI 

5.74 1.38 

 

5.72 

 

1.29 

 

13.4 3.52 22.5 158 

Right FDI 

-6.38 1.71 

 

-6.26 

 

1.54 

 

19.1 6.30 21.6 152 

Table 3.56 TMS results for subject 11. 

 

TMS baseline measurements are seen in Table 3.55. The results of the TMS testing are 

presented in Table 3.56, showing some asymmetries between the left and right hands, 
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most notably with respect to the optimal site and centre of gravity position, and the size 

of the average MEP at the estimated map centre. The TMS map images are seen in Figure 

3.38. The map of the left FDI is darker in colour than that of the right FDI, indicating that 

the sizes of the responses to TMS were smaller for the left FDI compared to the right. 

 

 

 

Figure 3.38 TMS produced maps for subject 11. The left FDI is represented by the 

map on the right, and the right FDI is represented by the map on the left. 

 



 118 

3.2.12 Subject 12 

21 year old right hand dominant female. Right hand dominant competitive tennis player.  

 

Measurement  

 

Estimated 

map 

centre X 

Estimated 

map centre Y 

Threshold (% 

maximum 

stimulator 

intensity) 

Stimulus 

Intensity 

Left FDI  

6 2 45 54 

Right FDI  

-6 2 45 54 

Table 3.57 Baseline TMS measurements for subject 12. 

 

Table 3.58 TMS results for subject 12. 

 

TMS baseline measurements are seen in Table 3.57. The results of the TMS testing 

are presented in Table 3.58, showing some asymmetries between the left and right 

hands, most notably with respect to the optimal site and centre of gravity position y 

Measurement 

Optimal 

site X 

Optimal 

site Y 

 

 

COG 

X 

 

 

COG 

Y 

TMS 

Map 

Area 

Average 

MEP 

(mV) 

Latency 

(ms) 

Silent 

Period 

(ms) 

Left FDI 

6.06 4.05 

 

5.95 

 

3.86 

 

16 2.64 20.4 128 

 

 

Right FDI -5.99 2.24 

 

-5.91 

 

 

2.24 

 

 

28.5 8.67 19.0 126 
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coordinate, TMS map area. The TMS map images are seen in 

 

Figure 3.39. Like subjects 2 and 5, these maps are of a very irregular shape.  

 

 

Figure 3.39 TMS produced maps for subject 12. The left FDI is represented by the 

map on the right, and the right FDI by the map on the left. 
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3.3 Uninjured Subjects 

This study provided the opportunity to use TMS to investigate corticomotor pathways in 

uninjured populations. The feature that becomes obvious when looking at the results is 

that the TMS maps produced in the uninjured subjects, like the burns patients, differ 

interhemispherically as well as between subjects. When comparing the TMS produced 

map area and average MEP at the estimated map centre between hands as well as 

between subjects in the uninjured population, there is no significant difference. Visually, 

subjects 2 and 5 have very different map topography compared with the other subjects. 

These are both left hand dominant female subjects. There is nothing else of note in their 

histories (such as significant injury or repetitive exercise) that could explain these results, 

however this was not specifically controlled. In light of the grossly different and 

asymmetrical map appearances for the two left hand dominant females, subjects 2 and 5, 

it is easy to understand that there may be further significant results found when 

comparing males and females. It was found that the x coordinate position in the left arm 

of females is in a significantly more lateral position compared with the left arm of the 

male subjects. It may be suggested that the significant result in this case may be attributed 

to the two left hand dominant females who demonstrate quite different TMS mapping 

results compared with the other subjects. Again, there is no obvious reason why this 

would be the case, however there are many potential confounding factors that can affect 

TMS measures. See Chapter 5.4.  

 

Six of the twelve uninjured subjects also had maps that demonstrated different colours 

between hands, suggesting a difference in the size of the MEP responses obtained during 

mapping. Analysis included the average MEP response at the estimated map centre, not 

the average size of the response obtained throughout the whole map. Subjects 1,2,3,4,7 

and 11 all had maps produced where one hand demonstrated a brighter map than the 

other. Of these six, all but one demonstrated much greater responses in the map of their 

dominant hands.  
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There have been many studies investigating the differences at the cortical level between 

areas projecting to “dominant” and “non dominant” sides. It has long been accepted that 

human behaviour and activities are performed on the basis of “handedness,” the idea that 

there is a dominant hand and a non dominant hand. Studies are now emerging that 

investigate asymmetry at the level of the cortex that correlates with hand dominance 

(Hammond, 2002). Evidence suggests that there is an asymmetry in the organisation of 

the cortex in the dominant hemisphere compared with the non dominant hemisphere, 

however this evidence is often conflicting (Hammond, 2002, Daligadu et al., 2013, Teo et 

al., 2012, Hammond et al., 2003). 

 

The notable significant findings in this study are found when looking at the 

interhemispheric differences between the right and left FDI with relation to silent period 

and threshold. The analysis is conducted by subtracting the value for the right hand from 

the left hand in all subjects. While there is no significant difference when comparing left 

and right hands in either right hand dominant or left hand dominant subjects, there is a 

significant difference when comparing the interhemispheric differences between the two 

groups. The result of this suggests that the threshold to stimulation is less in the dominant 

hand, and silent period is longer in the dominant hand in both left and right hand 

dominant subjects.  

This is consistent with the study by Trigg (1994), who also found a lower threshold to 

stimulation in the abductor pollicis brevis and biceps muscles of the dominant arm 

compared with the non dominant arm. They tested both left and right handers, and found 

that the degree of asymmetry correlated with the consistency with which the subject used 

their dominant arm to perform non writing motor tasks (Triggs et al., 1994). This study 

did not specifically assess degree of handedness or consistency of use, rather relying on 

patient’s own report of handedness.  

 

The finding that silent period appears to be longer in the dominant hand provides a result 

that conflicts with previous evidence. Priori in 1999 investigated 22 left hand dominant 

and 25 right hand dominant subjects using TMS. This study found that the silent period is 

shorter in the dominant hand compared with the non dominant hand. A shorter silent 
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period suggests less inhibitory input in the corticospinal tract. They hypothesised that 

there was a greater amount of corticospinal input required to produce a movement of the 

non dominant hand compared with the dominant hand and is therefore associated with 

higher levels of excitability, including increased excitability of cortical inhibitory 

mechanisms, explaining the longer silent period (Priori et al., 1999). 

A later study by Daligadu, conducted in 2013, used stimulus response curves to 

investigate cortical excitability and found that the non dominant hemisphere displays a 

greater amount of excitability than the dominant hemisphere (Daligadu et al., 2013). This 

helps to support the hypothesis presented by Priori. 

This study tested a lower number of subjects than the studies mentioned above, with the 

majority of those being right hand dominant. The finding that the silent period is longer 

in the dominant arm suggests there is an increase in intracortical inhibitory mechanisms 

in this arm. This conflicts with Priori’s findings, however perhaps not with their 

hypothesis. They hypothesise that tonic contraction of the non dominant limb is “more 

difficult” than that of the dominant limb, and that more corticospinal input is required to 

achieve that movement. They include in this idea both excitatory and inhibitory inputs, 

which explains their finding of a longer silent period in the dominant hand.  

It can be suggested that if more corticospinal input were required to achieve an action, 

such as a tonic contraction, that the amount of excitatory input would be greater than the 

inhibitory input in order to achieve that muscle action. With this in mind, one might 

expect there to be a shorter silent period in the non dominant limb, in keeping with the 

idea of reduced inhibitory input, and consistent with the findings in this study of 

uninjured subjects. This is an area that has been investigated by numerous studies, with 

often conflicting results. This study presents more data that further supports the 

suggestion that hand dominance has an important role in determining the organisation of 

cortical inputs, and that these are not symmetrical.  
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4.1 Uninjured patients 

4.1.1 Optimal site location 

4.1.1.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left X Right X 

Mean 6.015 5.779166667 

Variance 0.873245455 0.613590152 

Observations 12 12 

Hypothesized Mean 

Difference 0  

df 21  

t Stat 0.669983853  

P(T<=t) one-tail 0.255084447  

t Critical one-tail 1.720742871  

P(T<=t) two-tail 0.510168893  

t Critical two-tail 2.079613837   

Table 4.1 Comparing left hand with right hand x coordinate; uninjured subjects 

4.1.1.2 Y Coordinate  

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left Y Right Y 

Mean 1.195833333 0.795833333 

Variance 1.510681061 0.913662879 

Observations 12 12 

Hypothesized Mean 

Difference 0  

df 21  

t Stat 0.889925186  

P(T<=t) one-tail 0.191793985  

t Critical one-tail 1.720742871  

P(T<=t) two-tail 0.38358797  

t Critical two-tail 2.079613837   

Table 4.2 Comparing left hand with right hand y coordinate; uninjured subjects 

4.1.2 Centre of Gravity Location 

4.1.2.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left X Right X 



 5 

Mean 6.0175 5.794166667 

Variance 0.622456818 0.391717424 

Observations 12 12 

Hypothesized Mean 

Difference 0  

df 21  

t Stat 0.768224021  

P(T<=t) one-tail 0.225453594  

t Critical one-tail 1.720742871  

P(T<=t) two-tail 0.450907188  

t Critical two-tail 2.079613837   

Table 4.3 Comparing left hand with right hand x coordinate; uninjured subjects 

4.1.2.2 Y Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left Y Right Y 

Mean 1.186666667 0.558333333 

Variance 1.337442424 0.700760606 

Observations 12 12 

Hypothesized Mean 

Difference 0  

df 20  

t Stat 1.524603812  

P(T<=t) one-tail 0.071507878  

t Critical one-tail 1.724718218  

P(T<=t) two-tail 0.143015756  

t Critical two-tail 2.085963441   

Table 4.4 Comparing left hand with right hand y coordinate; uninjured subjects 

4.1.3 TMS Map Area 

• Comparing map area in left and right hand in uninjured subjects 

 

 Wilcoxon rank sum test with continuity correction 

 

data:  uninjuredmapright and uninjuredmapleft  

W = 81, p-value = 0.6235 

alternative hypothesis: true location shift is not equal to 0 

 

4.1.4 Average MEP Amplitude 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left Right 

Mean 5.362812713 5.871725053 

Variance 3.786626104 7.826721437 
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Observations 12 12 

Hypothesized Mean 

Difference 0  

df 20  

t Stat 

-

0.517314788  

P(T<=t) one-tail 0.305305417  

t Critical one-tail 1.724718218  

P(T<=t) two-tail 0.610610834  

t Critical two-tail 2.085963441   

Table 4.5 Comparing left hand with right hand MEP amplitude at estimated map 

centre; uninjured subjects 

4.1.5 Threshold  

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left  Right 

Mean 49.66666667 49.75 

Variance 106.4242424 119.8409091 

Observations 12 12 

Hypothesized Mean 

Difference 0  

df 22  

t Stat -0.01919113  

P(T<=t) one-tail 0.492430812  

t Critical one-tail 1.717144335  

P(T<=t) two-tail 0.984861625  

t Critical two-tail 2.073873058   

Table 4.6 Comparing left hand with right hand threshold; uninjured subjects 

4.1.6 Silent Period 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left Right 

Mean 147.5489651 150.202085 

Variance 1653.333806 546.626436 

Observations 12 12 

Hypothesized Mean 

Difference 0  

df 18  

t Stat 

-

0.195947662  

P(T<=t) one-tail 0.423423132  

t Critical one-tail 1.734063592  

P(T<=t) two-tail 0.846846265  

t Critical two-tail 2.100922037   
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Table 4.7 Comparing left hand with right hand silent period duration; uninjured 

subjects 

4.1.7 Latency 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left Right 

Mean 22.15625117 22.1687515 

Variance 2.304332698 4.028876943 

Observations 12 12 

Hypothesized Mean 

Difference 0  

df 20  

t Stat 

-

0.017206807  

P(T<=t) one-tail 0.493221066  

t Critical one-tail 1.724718218  

P(T<=t) two-tail 0.986442131  

t Critical two-tail 2.085963441   

Table 4.8 Comparing left hand with right hand latency duration; uninjured subjects 

4.2 Uninjured; male vs female 

4.2.1 Optimal site location 

4.2.1.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male left Male right 

Mean 5.56375 5.715 

Variance 0.491398214 0.770914286 

Observations 8 8 

Hypothesized Mean 

Difference 0  

df 13  

t Stat 

-

0.380764925  

P(T<=t) one-tail 0.35476358  

t Critical one-tail 1.770933383  

P(T<=t) two-tail 0.709527159  

t Critical two-tail 2.160368652   

Table 4.9 Comparing left and right hand x coordinates in uninjured male subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Female left Female right 

Mean 6.9175 5.81 
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Variance 0.426291667 0.507466667 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 2.292220991  

P(T<=t) one-tail 0.030877824  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.061755647  

t Critical two-tail 2.446911846   

Table 4.10 Comparing left and right hand x coordinates in uninjured female 

subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male right x 

Female right 

x 

Mean 5.715 5.81 

Variance 0.770914286 0.507466667 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 

-

0.201069593  

P(T<=t) one-tail 0.42318092  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.84636184  

t Critical two-tail 2.364624251   

Table 4.11 Comparing right hand x coordinate between uninjured male and female 

subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male left x Female left x 

Mean 5.56375 6.9175 

Variance 0.491398214 0.426291667 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 

-

3.302834483  

P(T<=t) one-tail 0.006534832  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.013069665  

t Critical two-tail 2.364624251   
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Table 4.12 Comparing left hand x coordinate between uninjured male and female 

subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male Female 

Mean -0.15125 1.1075 

Variance 1.142269643 1.512425 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

1.744080363  

P(T<=t) one-tail 0.070799206  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.141598412  

t Critical two-tail 2.570581835   

Table 4.13 Comparing interhemispheric differences in x coordinate between 

uninjured male and female subjects 

4.2.1.2 Y Coordinate  

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male left y Male right y 

Mean 0.9125 0.72875 

Variance 1.049078571 0.377955357 

Observations 8 8 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.435066047  

P(T<=t) one-tail 0.335963643  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.671927286  

t Critical two-tail 2.200985159   

Table 4.14 Comparing left and right hand y coordinates between uninjured male 

subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Female left y 

Female 

right y 

Mean 1.79 0.93 

Variance 2.4534 2.4322 

Observations 4 4 

Hypothesized Mean 

Difference 0  
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df 6  

t Stat 0.778161058  

P(T<=t) one-tail 0.233021403  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.466042805  

t Critical two-tail 2.446911846   

Table 4.15 Comparing left and right hand y coordinates between uninjured female 

subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male right y 

Female 

right y 

Mean 0.72875 0.93 

Variance 0.377955357 2.4322 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.248609462  

P(T<=t) one-tail 0.40985517  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.81971034  

t Critical two-tail 3.182446305   

Table 4.16 Comparing right hand y coordinate between male and female uninjured 

subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male left y 

Female 

left y 

Mean 0.9125 1.79 

Variance 1.049078571 2.4534 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

1.016995898  

P(T<=t) one-tail 0.183333033  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.366666066  

t Critical two-tail 2.776445105   

Table 4.17 Comparing left hand y coordinate between male and female uninjured 

subjects 

t-Test: Two-Sample Assuming Unequal Variances 
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  Male Female 

Mean 0.18375 0.86 

Variance 0.438883929 3.1814 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.733405307  

P(T<=t) one-tail 0.25821285  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.516425701  

t Critical two-tail 3.182446305   

Table 4.18 Comparing interhemispheric differences in y value between uninjured 

male and female subjects 

4.2.2 Centre of Gravity Location 

4.2.2.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male left x  Male right x 

Mean 5.68125 5.7525 

Variance 0.462926786 0.539907143 

Observations 8 8 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 

-

0.201240484  

P(T<=t) one-tail 0.42170252  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.843405041  

t Critical two-tail 2.144786681   

Table 4.19 Comparing left hand with right hand x coordinate in uninjured male 

subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Female left x 

Female 

right x 

Mean 6.69 5.8775 

Variance 0.297666667 0.162625 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 2.395172569  
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P(T<=t) one-tail 0.026823317  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.053646635  

t Critical two-tail 2.446911846   

Table 4.20 Comparing left hand with right hand x coordinate in uninjured female 

subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male right x 

Female 

right x 

Mean 5.7525 5.8775 

Variance 0.539907143 0.162625 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

0.380108435  

P(T<=t) one-tail 0.355906754  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.711813508  

t Critical two-tail 2.228138842   

Table 4.21 Comparing right hand x coordinate between uninjured male and female 

subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  Male left x Female left x 

Mean 5.68125 6.69 

Variance 0.462926786 0.297666667 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 

-

2.773526542  

P(T<=t) one-tail 0.012082389  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.024164777  

t Critical two-tail 2.306004133   

Table 4.22 Comparing left hand x coordinate between uninjured male and female 

subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male Female 
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Mean -0.07125 0.8125 

Variance 1.2162125 0.367291667 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

1.789651673  

P(T<=t) one-tail 0.05189292  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.10378584  

t Critical two-tail 2.228138842   

Table 4.23 Comparing interhemispheric differences in x coordinate between 

uninjured male and female subjects 

4.2.2.2 Y Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male left y Male right y 

Mean 0.8675 0.5725 

Variance 0.963021429 0.325907143 

Observations 8 8 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.734941183  

P(T<=t) one-tail 0.238875851  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.477751703  

t Critical two-tail 2.200985159   

Table 4.24 Comparing left hand with right hand y coordinate in uninjured male 

subjects. 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Female left y 

Female 

right y 

Mean 1.825 0.53 

Variance 1.841966667 1.8074 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 1.35578559  

P(T<=t) one-tail 0.111986204  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.223972407  
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t Critical two-tail 2.446911846   

Table 4.25 Comparing left hand with right hand y coordinate in uninjured female 

subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male right y 

Female 

right y 

Mean 0.5725 0.53 

Variance 0.325907143 1.8074 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 0.060554559  

P(T<=t) one-tail 0.477309371  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.954618742  

t Critical two-tail 2.776445105   

Table 4.26 Comparing right hand y coordinate in uninjured male and female 

subjects 

 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male left y Female left y 

Mean 0.8675 1.825 

Variance 0.963021429 1.841966667 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

1.256317918  

P(T<=t) one-tail 0.132251193  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.264502386  

t Critical two-tail 2.570581835   

Table 4.27 Comparing left hand y coordinate in male and female uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male Female 

Mean 0.295 1.295 

Variance 0.435685714 0.600433333 

Observations 8 4 

Hypothesized Mean 

Difference 0  
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df 5  

t Stat 

-

2.210955687  

P(T<=t) one-tail 0.039005309  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.078010618  

t Critical two-tail 2.570581835   

Table 4.28 Comparing interhemispheric differences in y coordinates between male 

and female uninjured subjects 

4.2.3 TMS Map Area 

• Comparing left hand with right hand map area in uninjured male subjects 

Wilcoxon rank sum test 

 

data:  maleuninjuredmapleft and maleuninjuredmapright  

W = 29, p-value = 0.7984 

alternative hypothesis: true location shift is not equal to 0 

 

• Comparing left hand with right hand map area in uninjured female subjects 

Wilcoxon rank sum test 

 

data:  femaleuninjuredmapleft and femaleuninjuredmapright  

W = 8, p-value = 1 

alternative hypothesis: true location shift is not equal to 0 

 

• Comparing map area in left hand in uninjured males with uninjured female 

subjects 

 

 Wilcoxon rank sum test 

 

data:  maleuninjuredmapleft and femaleuninjuredmapleft  

W = 7, p-value = 0.1535 

alternative hypothesis: true location shift is not equal to 0  

 

• Comparing map area in right hand in uninjured males with uninjured female 

subjects 

Wilcoxon rank sum test with continuity correction 

 

data:  maleuninjuredmapright and femaleuninjuredmapright  

W = 2.5, p-value = 0.02698 

alternative hypothesis: true location shift is not equal to 0 

 

• Comparing interhemispheric differences in map area in uninjured male subjects 

and uninjured female subjects 

Wilcoxon rank sum test 
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data:  maleuninjuredmapdiff and femaleuninjuredmapdiff  

W = 19, p-value = 0.6828 

alternative hypothesis: true location shift is not equal to 0 

4.2.4 Average MEP Amplitude 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male Left Male Right 

Mean 5.524959631 5.988807669 

Variance 4.306484908 5.959075743 

Observations 8 8 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 

-

0.409476875  

P(T<=t) one-tail 0.344192942  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.688385883  

t Critical two-tail 2.144786681   

Table 4.29 Comparing left hand with right hand MEP amplitude in uninjured male 

subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Female left Female right 

Mean 5.038518875 5.63755982 

Variance 3.625497942 14.68380182 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

0.279995232  

P(T<=t) one-tail 0.396682135  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.793364269  

t Critical two-tail 2.776445105   

Table 4.30 Comparing left hand with right hand MEP amplitude in uninjured 

female subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male right Female right 

Mean 5.988807669 5.63755982 

Variance 5.959075743 14.68380182 

Observations 8 4 

Hypothesized Mean 

Difference 0  
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df 4  

t Stat 0.167150338  

P(T<=t) one-tail 0.437680815  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.875361631  

t Critical two-tail 2.776445105   

Table 4.31 Comparing right hand MEP amplitude between uninjured male and 

female subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male left Female left 

Mean 5.524959631 5.038518875 

Variance 4.306484908 3.625497942 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 0.404709462  

P(T<=t) one-tail 0.348886193  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.697772385  

t Critical two-tail 2.364624251   

Table 4.32 Comparing left hand MEP amplitude between uninjured male and 

female subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male Female 

Mean 

-

0.463848038 

-

0.599040945 

Variance 6.219826439 21.61305363 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 0.0543793  

P(T<=t) one-tail 0.479620316  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.959240632  

t Critical two-tail 2.776445105   

Table 4.33 Comparing interhemispheric differences in MEP amplitude between 

uninjured male and female subjects 

4.2.5 Threshold  

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male left Male right 
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Mean 48.875 47.625 

Variance 58.98214286 50.83928571 

Observations 8 8 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 0.337373885  

P(T<=t) one-tail 0.370419951  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.740839902  

t Critical two-tail 2.144786681   

Table 4.34 Comparing left and right hand threshold values in uninjured male 

subjects  

t-Test: Two-Sample Assuming Unequal Variances 

   

  Female left Female right 

Mean 51.25 54 

Variance 247.5833333 284.6666667 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 

-

0.238399233  

P(T<=t) one-tail 0.409752401  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.819504803  

t Critical two-tail 2.446911846   

Table 4.35 Comparing left and right hand threshold values in uninjured female 

subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male right  Female right 

Mean 47.625 54 

Variance 50.83928571 284.6666667 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

0.724050551  

P(T<=t) one-tail 0.254557562  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.509115124  

t Critical two-tail 2.776445105   
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Table 4.36 Comparing right hand threshold values between uninjured male and 

female subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male left Female left 

Mean 48.875 51.25 

Variance 58.98214286 247.5833333 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

0.285361517  

P(T<=t) one-tail 0.39476687  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.78953374  

t Critical two-tail 2.776445105   

Table 4.37 Comparing left hand threshold values between uninjured male and 

female subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male Female 

Mean 1.25 -2.75 

Variance 30.5 4.916666667 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 1.781447086  

P(T<=t) one-tail 0.052589726  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.105179451  

t Critical two-tail 2.228138842   

Table 4.38 Comparing interhemispheric differences in threshold values between 

uninjured male and female subjects 

4.2.6 Silent Period 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male left Male right 

Mean 136.310942 145.2796888 

Variance 1367.534667 210.0427293 

Observations 8 8 

Hypothesized Mean 

Difference 0  

df 9  
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t Stat 

-

0.638677206  

P(T<=t) one-tail 0.269472094  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.538944188  

t Critical two-tail 2.262157158   

Table 4.39 Comparing left hand with right hand silent period duration in uninjured 

male subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Female left Female right 

Mean 170.0250113 160.0468775 

Variance 1860.96443 1320.357352 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.35381441  

P(T<=t) one-tail 0.36778949  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.735578979  

t Critical two-tail 2.446911846   

Table 4.40 Comparing left hand with right hand silent period duration in uninjured 

female subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male right  Female right 

Mean 145.2796888 160.0468775 

Variance 210.0427293 1320.357352 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.782280828  

P(T<=t) one-tail 0.245557817  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.491115633  

t Critical two-tail 3.182446305   

Table 4.41 Comparing silent period duration in the right hand of uninjured male 

and female subjects  

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  Male left  Female left 



 21 

Mean 136.310942 170.0250113 

Variance 1367.534667 1860.96443 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

1.336657578  

P(T<=t) one-tail 0.119463891  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.238927781  

t Critical two-tail 2.570581835   

Table 4.42 Comparing silent period duration in the left hand of uninjured male and 

female subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male  Female 

Mean -8.96874675 9.97813375 

Variance 1680.864966 849.859945 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 8  

t Stat -0.92169406  

P(T<=t) one-tail 0.191820951  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.383641902  

t Critical two-tail 2.306004133   

Table 4.43 Comparing interhemispheric differences in silent period duration 

between uninjured male and female subjects 

4.2.7 Latency 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male left Male right 

Mean 23.01562613 23.20312625 

Variance 1.070168285 2.384899916 

Observations 8 8 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 

-

0.285310821  

P(T<=t) one-tail 0.390135358  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.780270715  

t Critical two-tail 2.178812827   
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Table 4.44 Comparing left hand with right hand latency duration in uninjured male 

subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Female left Female right 

Mean 20.43750125 20.100002 

Variance 0.043958008 0.648333333 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.811256814  

P(T<=t) one-tail 0.238302935  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.476605871  

t Critical two-tail 3.182446305   

Table 4.45 Comparing left hand with right hand latency duration in uninjured 

female subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male right  Female right 

Mean 23.20312625 20.100002 

Variance 2.384899916 0.648333333 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 4.574333549  

P(T<=t) one-tail 0.000509727  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.001019454  

t Critical two-tail 2.228138842   

Table 4.46 Comparing right hand latency duration between uninjured male and 

female subjects 

 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male left Female left 

Mean 23.01562613 20.43750125 

Variance 1.070168285 0.043958008 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 6.776085159  

P(T<=t) one-tail 7.06153E-05  
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t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.000141231  

t Critical two-tail 2.306004133   

Table 4.47 Comparing left hand latency duration between male and female 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male Female 

Mean 

-

0.187500125 0.33749925 

Variance 0.716964218 0.515625475 

Observations 8 4 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 

-

1.123068737  

P(T<=t) one-tail 0.149222484  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.298444968  

t Critical two-tail 2.364624251   

Table 4.48 Comparing interhemispheric differences in latency duration between 

uninjured male and female subjects 

 

4.3 Uninjured; right hand vs left hand dominant 

4.3.1 Optimal site location 

4.3.1.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left x Right x 

Mean 5.815555556 5.793333333 

Variance 0.739552778 0.65775 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 0.056397971  

P(T<=t) one-tail 0.477861533  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.955723066  

t Critical two-tail 2.119905285   
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Table 4.49 Comparing the left hand and right hand x coordinate in uninjured right 

hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left x Right x 

Mean 6.613333333 5.736666667 

Variance 1.128633333 0.740133333 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 1.110753222  

P(T<=t) one-tail 0.164470927  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.328941855  

t Critical two-tail 2.776445105   

Table 4.50 Comparing the left hand and right hand x coordinate in uninjured left 

hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant; 

right x 

Left hand 

dominant; 

rightt x 

Mean 5.793333333 5.736666667 

Variance 0.65775 0.740133333 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.10020565  

P(T<=t) one-tail 0.46325109  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.926502179  

t Critical two-tail 3.182446305   

Table 4.51 Comparing the right hand x coordinate between right hand and left hand 

dominant uninjured subjects.  

 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant; 

left x 

Left hand 

dominant; 

left x 

Mean 5.815555556 6.613333333 

Variance 0.739552778 1.128633333 

Observations 9 3 

Hypothesized Mean 0  
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Difference 

df 3  

t Stat 

-

1.178331206  

P(T<=t) one-tail 0.161809946  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.323619891  

t Critical two-tail 3.182446305   

Table 4.52 Comparing the left hand x coordinate between uninjured right hand and 

left hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant  

Left hand 

dominant 

Mean 0.022222222 0.876666667 

Variance 1.297119444 2.485233333 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat -0.86642525  

P(T<=t) one-tail 0.224998388  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.449996776  

t Critical two-tail 3.182446305   

Table 4.53 Comparing the interhemispheric differences in x coordinate between 

uninjured right and left hand dominant subjects 

4.3.1.2 Y Coordinate  

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left y Right y 

Mean 1.306666667 0.924444444 

Variance 1.9821 0.584752778 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 0.715709378  

P(T<=t) one-tail 0.24393214  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.48786428  

t Critical two-tail 2.178812827   

Table 4.54 Comparing left and right hand y coordinates in uninjured right hand 

dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 
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  Left y Right y 

Mean 0.9 0.41 

Variance 0.2641 2.3884 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.521109525  

P(T<=t) one-tail 0.327122938  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.654245875  

t Critical two-tail 4.30265273   

Table 4.55 Comparing left and right hand y coordinates in uninjured left hand 

dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant; 

right y 

Left hand 

dominant; 

right y 

Mean 0.924444444 0.41 

Variance 0.584752778 2.3884 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.554383388  

P(T<=t) one-tail 0.317516196  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.635032391  

t Critical two-tail 4.30265273   

Table 4.56 Comparing right hand y coordinate between uninjured right and left 

hand dominant subjects 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant; 

left y 

Left hand 

dominant; 

left y 

Mean 1.306666667 0.9 

Variance 1.9821 0.2641 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.732445462  

P(T<=t) one-tail 0.240355823  
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t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.480711647  

t Critical two-tail 2.228138842   

Table 4.57 Comparing left hand y coordinate between uninjured right hand and left 

hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant 

Left 

Hand 

dominant 

Mean 0.382222222 0.49 

Variance 0.666144444 4.2403 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 

-

0.088370666  

P(T<=t) one-tail 0.468817072  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.937634144  

t Critical two-tail 4.30265273   

Table 4.58 Comparing interhemispheric differences in y coordinate between 

uninjured right and left hand dominant subjects 

4.3.2 Centre of Gravity Location 

4.3.2.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left x Right x 

Mean 5.916666667 5.757777778 

Variance 0.640225 0.467994444 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 0.452795289  

P(T<=t) one-tail 0.32838783  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.656775661  

t Critical two-tail 2.119905285   

Table 4.59 Comparing left hand and right hand x coordinates in uninjured right 

hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 
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  Left x Right x 

Mean 6.32 5.903333333 

Variance 0.6796 0.258633333 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.745064646  

P(T<=t) one-tail 0.255146346  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.510292693  

t Critical two-tail 3.182446305   

Table 4.60 Comparing left hand and right hand x coordinates in uninjured left hand 

dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant; 

right x 

Left hand 

dominant; 

right x 

Mean 5.757777778 5.903333333 

Variance 0.467994444 0.258633333 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

0.391523899  

P(T<=t) one-tail 0.355769757  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.711539513  

t Critical two-tail 2.570581835   

Table 4.61 Comparing right hand x coordinate between uninjured right and left 

hand dominant subjects 

 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant; 

Left x 

Left hand 

dominant; 

Left x 

Mean 5.916666667 6.32 

Variance 0.640225 0.6796 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.739259624  



 29 

P(T<=t) one-tail 0.25666939  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.513338779  

t Critical two-tail 3.182446305   

Table 4.62 Comparing left hand x coordinate between uninjured right and left hand 

dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant 

Left hand 

dominant 

Mean 0.158888889 0.416666667 

Variance 1.178261111 1.061233333 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

0.370276232  

P(T<=t) one-tail 0.364974864  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.729949728  

t Critical two-tail 2.776445105   

Table 4.63 Comparing interhemispheric differences in x coordinate between 

uninjured right and left hand dominant subjects 

4.3.2.2 Y Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left y Right y 

Mean 1.236666667 0.822222222 

Variance 1.815925 0.563669444 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 13  

t Stat 0.806001971  

P(T<=t) one-tail 0.217369187  

t Critical one-tail 1.770933383  

P(T<=t) two-tail 0.434738373  

t Critical two-tail 2.160368652   

Table 4.64 Comparing left hand and right hand y coordinates in uninjured right 

hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left y Right y 
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Mean 1.036666667 

-

0.233333333 

Variance 0.047233333 0.346033333 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 3.507686568  

P(T<=t) one-tail 0.01963157  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.039263139  

t Critical two-tail 3.182446305   

Table 4.65 Comparing left and right hand y coordinates in uninjured left hand 

dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant; 

right y 

Left hand 

dominant; 

right y 

Mean 0.822222222 

-

0.233333333 

Variance 0.563669444 0.346033333 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 2.502086664  

P(T<=t) one-tail 0.033308924  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.066617848  

t Critical two-tail 2.776445105   

Table 4.66 Comparing right hand y coordinate between uninjured right and left 

hand dominant subjects 

 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant; 

Left y 

Left hand 

dominant; 

left y 

Mean 1.236666667 1.036666667 

Variance 1.815925 0.047233333 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 0.428831322  

P(T<=t) one-tail 0.339063718  
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t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.678127436  

t Critical two-tail 2.262157158   

Table 4.67 Comparing left hand y coordinate between uninjured right and left hand 

dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant 

Left hand 

dominant 

Mean 0.414444444 1.27 

Variance 0.579627778 0.6169 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

1.646406398  

P(T<=t) one-tail 0.099116958  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.198233915  

t Critical two-tail 3.182446305   

Table 4.68 Comparing interhemispheric differences in y coordinate between 

uninjured right and left hand dominant subjects 

4.3.3 TMS Map Area 

• Comparing left and right hand map area in uninjured right hand dominant subjects 

 Wilcoxon rank sum test with continuity correction 

 

data:  uninjuredRHmapleft and uninjuredRHmapright  

W = 36, p-value = 0.7238 

alternative hypothesis: true location shift is not equal to 0 

• Comparing left and right hand map area in uninjured left hand dominant subjects  

 

 Wilcoxon rank sum test 

 

data:  uninjuredLHmapleft and uninjuredLHmapright  

W = 4, p-value = 1 

alternative hypothesis: true location shift is not equal to 0  

• Comparing left hand map area in uninjured right and left hand dominant subjects 

Wilcoxon rank sum test 

 

data:  uninjuredRHmapleft and uninjuredLHmapleft  

W = 4, p-value = 0.1 

alternative hypothesis: true location shift is not equal to 0 

• Comparing right hand map area in uninjured right and left hand dominant subjects 

Wilcoxon rank sum test with continuity correction 
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data:  uninjuredRHmapright and uninjuredLHmapright  

W = 2, p-value = 0.0416 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differencesin map area in uninjured right and left 

hand dominant subjects 

Wilcoxon rank sum test 

 

data:  uninjuredRHmapdiff and uninjuredLHmapdiff  

W = 16, p-value = 0.7273 

alternative hypothesis: true location shift is not equal to 0 

4.3.4 Average MEP Amplitude 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left Right 

Mean 4.917479639 6.20997115 

Variance 2.56709603 5.540397631 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 

-

1.361775904  

P(T<=t) one-tail 0.097390433  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.194780865  

t Critical two-tail 2.144786681   

Table 4.69 Comparing left and right hand MEP amplitude in uninjured right hand 

dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left  Right 

Mean 6.698811933 4.85698676 

Variance 6.988271613 18.82598978 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.627883659  

P(T<=t) one-tail 0.287312187  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.574624374  

t Critical two-tail 3.182446305   

Table 4.70 Comparing left and right hand MEP amplitude in uninjured left hand 

dominant subjects 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant; 

Right hand 

Left hand 

dominant; 

Right hand 

Mean 6.20997115 4.85698676 

Variance 5.540397631 18.82598978 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.515411231  

P(T<=t) one-tail 0.328790605  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.65758121  

t Critical two-tail 4.30265273   

Table 4.71 Comparing right hand MEP amplitude between uninjured right and left 

hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant;left 

hand 

Left hand 

dominant; 

left hand 

Mean 4.917479639 6.698811933 

Variance 2.56709603 6.988271613 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

1.101634679  

P(T<=t) one-tail 0.175536766  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.351073533  

t Critical two-tail 3.182446305   

Table 4.72 Comparing left hand MEP amplitude between uninjured right and left 

hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant 

Left hand 

dominant 

Mean 

-

1.292491511 1.841825173 

Variance 8.626051839 8.657201408 

Observations 9 3 

Hypothesized Mean 

Difference 0  
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df 3  

t Stat 

-

1.598603615  

P(T<=t) one-tail 0.104101925  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.208203849  

t Critical two-tail 3.182446305   

Table 4.73 Comparing interhemispheric differences in MEP amplitude between 

uninjured right and left hand dominant subjects 

4.3.5 Threshold  

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left  Right 

Mean 48.44444444 47.33333333 

Variance 53.27777778 45.25 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 0.335814467  

P(T<=t) one-tail 0.370687037  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.741374075  

t Critical two-tail 2.119905285   

Table 4.74 Comparing left and right hand threshold values in uninjured right hand 

dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left Right 

Mean 53.33333333 57 

Variance 345.3333333 373 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 4  

t Stat -0.23695673  

P(T<=t) one-tail 0.412165568  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.824331135  

t Critical two-tail 2.776445105   

Table 4.75 Comparing left and right hand threshold values in uninjured left hand 

dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 
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Right hand 

dominant; 

right  

Left hand 

dominant; 

right 

Mean 47.33333333 57 

Variance 45.25 373 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 

-

0.849913788  

P(T<=t) one-tail 0.242443435  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.48488687  

t Critical two-tail 4.30265273   

Table 4.76 Comparing right hand threshold values between uninjured right and left 

hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant; 

left 

Left hand 

dominant; 

left 

Mean 48.44444444 53.33333333 

Variance 53.27777778 345.3333333 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 

-

0.444387772  

P(T<=t) one-tail 0.350111059  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.700222119  

t Critical two-tail 4.30265273   

Table 4.77 Comparing left hand threshold values between uninjured right and left 

hand dominant subjects 

 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant  

Left hand 

dominant 

Mean 1.111111111 

-

3.666666667 

Variance 26.86111111 2.333333333 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 10  
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t Stat 2.463182546  

P(T<=t) one-tail 0.01674675  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.0334935  

t Critical two-tail 2.228138842   

Table 4.78 Comparing interhemispheric differences in threshold values between 

uninjured right and left hand dominant subjects 

4.3.6 Silent Period 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left  Right 

Mean 133.6930612 149.5444444 

Variance 1034.044539 555.1100629 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 

-

1.192903589  

P(T<=t) one-tail 0.12571775  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.251435499  

t Critical two-tail 2.131449536   

Table 4.79 Comparing the left and right hand silent period duration in uninjured 

right hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left  Right 

Mean 189.1166767 152.1750067 

Variance 1501.408483 778.2203068 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 1.340124309  

P(T<=t) one-tail 0.125632496  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.251264993  

t Critical two-tail 2.776445105   

Table 4.80 Comparing the left and right hand silent period duration in uninjured 

left hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant; 

Left hand 

dominant; 
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left hand left hand 

Mean 133.6930612 189.1166767 

Variance 1034.044539 1501.408483 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

2.234236002  

P(T<=t) one-tail 0.055778364  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.111556728  

t Critical two-tail 3.182446305   

Table 4.81 Comparing left hand silent period duration between uninjured right and 

left hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant; 

right hand 

Left hand 

dominant; 

right hand 

Mean 149.5444444 152.1750067 

Variance 555.1100629 778.2203068 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.146804078  

P(T<=t) one-tail 0.446298538  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.892597075  

t Critical two-tail 3.182446305   

Table 4.82 Comparing right hand silent period duration between uninjured right 

and left hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant 

Left hand 

dominant 

Mean 

-

15.85138322 36.94167 

Variance 1063.937861 245.2167869 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 

-

3.733459662  

P(T<=t) one-tail 0.00287955  



 38 

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.005759101  

t Critical two-tail 2.306004133   

Table 4.83 Comparing interhemispheric differences in silent period duration 

between uninjured right and left hand dominant subjects 

4.3.7 Latency 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left FDI Right FDI 

Mean 22.55277911 22.452779 

Variance 2.320694586 4.890849862 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 0.111713998  

P(T<=t) one-tail 0.45631803  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.912636059  

t Critical two-tail 2.144786681   

Table 4.84 Comparing latency duration between left and right hand in uninjured 

right hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Left FDI Right FDI 

Mean 20.96666733 21.316669 

Variance 0.5608321 1.143334567 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

0.464381283  

P(T<=t) one-tail 0.333262055  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.66652411  

t Critical two-tail 2.776445105   

Table 4.85 Comparing latency duration between left and right hand in uninjured 

left hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant; 

right hand 

Left hand 

dominant; 

right hand 

Mean 22.452779 21.316669 
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Variance 4.890849862 1.143334567 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 1.181565217  

P(T<=t) one-tail 0.13565424  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.271308481  

t Critical two-tail 2.306004133   

Table 4.86 Comparing latency duration in the right hand between uninjured right 

and left hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant;left 

hand 

Left hand 

dominant;left 

hand 

Mean 22.55277911 20.96666733 

Variance 2.320694586 0.5608321 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 2.378219277  

P(T<=t) one-tail 0.022334828  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.044669657  

t Critical two-tail 2.306004133   

Table 4.87 Comparing latency duration in the left hand between uninjured right 

and left hand dominant subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Right hand 

dominant  

Left hand 

dominant 

Mean 0.100000111 

-

0.350001667 

Variance 0.819999325 0.1425005 

Observations 9 3 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 1.208690374  

P(T<=t) one-tail 0.128789071  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.257578143  

t Critical two-tail 2.262157158   
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Table 4.88 Comparing interhemispheric differences in latency duration between 

uninjured right and left hand dominant subjects 

4.4 Burn Patients 

4.4.1 Optimal site location 

4.4.1.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Control X Burn X 

Mean 5.523846154 5.217692308 

Variance 1.165725641 0.675135897 

Observations 13 13 

Hypothesized Mean 

Difference 0  

df 22  

t Stat 0.813581068  

P(T<=t) one-tail 0.212301675  

t Critical one-tail 1.717144335  

P(T<=t) two-tail 0.424603351  

t Critical two-tail 2.073873058   

Table 4.89 Comparing burn arm with less injured arm x coordinate; burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Burn X Uninjured X 

Mean 5.217692308 5.897083333 

Variance 0.675135897 0.725604167 

Observations 13 24 

Hypothesized Mean 

Difference 0  

df 26  

t Stat 

-

2.370123581  

P(T<=t) one-tail 0.012741938  

t Critical one-tail 1.705617901  

P(T<=t) two-tail 0.025483875  

t Critical two-tail 2.055529418   

Table 4.90 Comparing burn arm in burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Burn Uninjured 

Mean 0.306153846 0.235833333 

Variance 0.540292308 1.544553788 

Observations 13 12 

Hypothesized Mean 0  
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Difference 

df 18  

t Stat 0.170415135  

P(T<=t) one-tail 0.433292266  

t Critical one-tail 1.734063592  

P(T<=t) two-tail 0.866584533  

t Critical two-tail 2.100922037   

Table 4.91 Comparing interhemispheric differences in x coordinate; burns patients 

vs uninjured subjects 

4.4.1.2 Y Coordinate  

t-Test: Two-Sample Assuming Unequal Variances 

   

  Control Y Burn Y 

Mean 0.968461538 0.883846154 

Variance 1.121797436 1.189275641 

Observations 13 13 

Hypothesized Mean 

Difference 0  

df 24  

t Stat 0.200684657  

P(T<=t) one-tail 0.421318067  

t Critical one-tail 1.710882067  

P(T<=t) two-tail 0.842636134  

t Critical two-tail 2.063898547   

Table 4.92 Comparing burn arm with less injured arm y coordinate; burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Burn Y Uninjured Y 

Mean 0.883846154 0.995833333 

Variance 1.189275641 1.201207971 

Observations 13 24 

Hypothesized Mean 

Difference 0  

df 25  

t Stat 

-

0.297672927  

P(T<=t) one-tail 0.384206246  

t Critical one-tail 1.708140745  

P(T<=t) two-tail 0.768412491  

t Critical two-tail 2.059538536   

Table 4.93 Comparing burn arm in burns patients with uninjured subjects  

t-Test: Two-Sample Assuming Unequal Variances 

   

  Burn Uninjured 
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Mean 0.084615385 0.4 

Variance 1.50434359 1.2466 

Observations 13 12 

Hypothesized Mean 

Difference 0  

df 23  

t Stat 

-

0.673011195  

P(T<=t) one-tail 0.253823313  

t Critical one-tail 1.713871517  

P(T<=t) two-tail 0.507646626  

t Critical two-tail 2.068657599   

Table 4.94 Comparing interhemispheric differences in y coordinate; burns patients 

vs uninjured subjects 

4.4.2 Centre of Gravity Location 

4.4.2.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  CONTROL X BURN X 

Mean 5.61 5.293076923 

Variance 0.883216667 0.436689744 

Observations 13 13 

Hypothesized Mean 

Difference 0  

df 22  

t Stat 0.994612632  

P(T<=t) one-tail 0.165369577  

t Critical one-tail 1.717144335  

P(T<=t) two-tail 0.330739153  

t Critical two-tail 2.073873058   

Table 4.95 Burn arm vs less injured arm x coordinate; burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Burn X Uninjured X 

Mean 5.293076923 5.905833333 

Variance 0.436689744 0.498051449 

Observations 13 24 

Hypothesized Mean 

Difference 0  

df 26  

t Stat 

-

2.628532864  

P(T<=t) one-tail 0.007101746  

t Critical one-tail 1.705617901  

P(T<=t) two-tail 0.014203493  
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t Critical two-tail 2.055529418   

Table 4.96 Burn arm x coordinate vs uninjured subjects x coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

   Burn x diff 

Uninjured x 

diff 

Mean 0.316923077 0.223333333 

Variance 0.554223077 1.063460606 

Observations 13 12 

Hypothesized Mean 

Difference 0  

df 20  

t Stat 0.258328041  

P(T<=t) one-tail 0.399396754  

t Critical one-tail 1.724718218  

P(T<=t) two-tail 0.798793508  

t Critical two-tail 2.085963441   

Table 4.97 Comparing interhemispheric differences in x coordinate; burns patients 

vs uninjured subjects 

4.4.2.2 Y Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  CONTROL Y BURN Y 

Mean 0.932307692 0.76 

Variance 1.041169231 1.143816667 

Observations 13 13 

Hypothesized Mean 

Difference 0  

df 24  

t Stat 0.420292871  

P(T<=t) one-tail 0.339005372  

t Critical one-tail 1.710882067  

P(T<=t) two-tail 0.678010744  

t Critical two-tail 2.063898547   

Table 4.98 Comparing burn arm with less injured arm y coordinate; burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  BURN Y 

UNINJURED 

Y 

Mean 0.76 0.8725 

Variance 1.143816667 1.077784783 

Observations 13 24 

Hypothesized Mean 

Difference 0  

df 24  
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t Stat 

-

0.308603249  

P(T<=t) one-tail 0.380143099  

t Critical one-tail 1.710882067  

P(T<=t) two-tail 0.760286199  

t Critical two-tail 2.063898547   

Table 4.99 Comparing burn arm y coordinate with uninjured subjects y coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured y 

diff 

Uninjured y 

diff 

Mean 0.172307692 0.628333333 

Variance 1.219119231 0.683433333 

Observations 13 12 

Hypothesized Mean 

Difference 0  

df 22  

t Stat 

-

1.174593823  

P(T<=t) one-tail 0.126357495  

t Critical one-tail 1.717144335  

P(T<=t) two-tail 0.25271499  

t Critical two-tail 2.073873058   

Table 4.100 Comparing interhemispheric differences in y coordinate; burn patients 

vs uninjured subjects 

4.4.3 TMS Map Area 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 24.91230769 21.67153846 

Variance 23.06161923 17.4335641 

Observations 13 13 

Hypothesized Mean 

Difference 0  

df 24  

t Stat 1.836192031  

P(T<=t) one-tail 0.039374235  

t Critical one-tail 1.710882067  

P(T<=t) two-tail 0.07874847  

t Critical two-tail 2.063898547   

Table 4.101 Comparing map area in burn arm with less/uninjured arm in burn 

patients  

• Comparing map area in burn arm in burns patients with uninjured subjects 

Wilcoxon rank sum test with continuity correction 
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data:  patientsmapburn and uninjuredmapall  

W = 115, p-value = 0.1976 

alternative hypothesis: true location shift is not equal to 0 

 

• Comparing interhemispheric differences in map area in burns patients with 

uninjured subjects 

Wilcoxon rank sum test 

 

data:  burnsallmapdiff and uninjuredmapdiff  

W = 105, p-value = 0.1519 

alternative hypothesis: true location shift is not equal to 0 

4.4.4 Average MEP Amplitude 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Less injured  Burn 

Mean 5.300213496 4.770452042 

Variance 5.943069375 5.759614619 

Observations 13 13 

Hypothesized Mean 

Difference 0  

df 24  

t Stat 0.558353564  

P(T<=t) one-tail 0.290887592  

t Critical one-tail 1.710882067  

P(T<=t) two-tail 0.581775185  

t Critical two-tail 2.063898547   

Table 4.102 Comparing burn arm with less injured arm MEP amplitude; burns 

patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Burn Uninjured 

Mean 4.770452042 5.617268883 

Variance 5.759614619 5.621772764 

Observations 13 24 

Hypothesized Mean 

Difference 0  

df 24  

t Stat -1.02897034  

P(T<=t) one-tail 0.156876374  

t Critical one-tail 1.710882067  

P(T<=t) two-tail 0.313752748  

t Critical two-tail 2.063898547   

Table 4.103 Comparing burn arm MEP in burns patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 
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  Burn Uninjured 

Mean 0.529761454 -0.50891234 

Variance 3.656519771 9.856971359 

Observations 13 12 

Hypothesized Mean 

Difference 0  

df 18  

t Stat 0.989130138  

P(T<=t) one-tail 0.167855169  

t Critical one-tail 1.734063592  

P(T<=t) two-tail 0.335710338  

t Critical two-tail 2.100922037   

Table 4.104 Comparing interhemispheric differences in MEP amplitude between 

burns patients and uninjured subjects 

4.4.5 Threshold  

t-Test: Two-Sample Assuming Unequal Variances 

   

  Control Burn 

Mean 54.92307692 55.15384615 

Variance 175.5769231 277.974359 

Observations 13 13 

Hypothesized Mean 

Difference 0  

df 23  

t Stat 

-

0.039069367  

P(T<=t) one-tail 0.484586117  

t Critical one-tail 1.713871517  

P(T<=t) two-tail 0.969172234  

t Critical two-tail 2.068657599   

Table 4.105 Comparing burn arm with less injured arm threshold to stimulation; 

burns patients  

t-Test: Two-Sample Assuming Unequal Variances 

   

  Burn Uninjured 

Mean 55.15384615 49.70833333 

Variance 277.974359 108.2155797 

Observations 13 24 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 1.070185658  

P(T<=t) one-tail 0.149747876  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.299495751  
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t Critical two-tail 2.109815559   

Table 4.106 Comparing burn arm threshold in burns patients with uninjured 

subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Burn Uninjured 

Mean 

-

0.230769231 

-

0.083333333 

Variance 115.525641 24.62878788 

Observations 13 12 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 

-

0.044577395  

P(T<=t) one-tail 0.4824818  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.964963601  

t Critical two-tail 2.109815559   

Table 4.107 Comparing interhemispheric differences in threshold value between 

burns patients and uninjured subjects. 

4.4.6 Silent Period 

t-Test: Two-Sample Assuming Unequal Variances 

   

  CONTROL BURN 

Mean 132.6017346 133.2192342 

Variance 693.6825867 1644.268964 

Observations 13 13 

Hypothesized Mean 

Difference 0  

df 21  

t Stat 

-

0.046045857  

P(T<=t) one-tail 0.481854387  

t Critical one-tail 1.720742871  

P(T<=t) two-tail 0.963708773  

t Critical two-tail 2.079613837   

Table 4.108 Comparing burn arm with less injured arm silent period duration in 

burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  BURN Uninjured 

Mean 133.2192342 148.875525 

Variance 1644.268964 1053.991171 

Observations 13 24 
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Hypothesized Mean 

Difference 0  

df 20  

t Stat 

-

1.199377684  

P(T<=t) one-tail 0.122199001  

t Critical one-tail 1.724718218  

P(T<=t) two-tail 0.244398003  

t Critical two-tail 2.085963441   

Table 4.109 Comparing silent period duration in burn arm in burns patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Burn Uninjured 

Mean 

-

0.617499538 

-

2.653119917 

Variance 1097.856888 1388.447819 

Observations 13 12 

Hypothesized Mean 

Difference 0  

df 22  

t Stat 0.143884527  

P(T<=t) one-tail 0.443450762  

t Critical one-tail 1.717144335  

P(T<=t) two-tail 0.886901523  

t Critical two-tail 2.073873058   

Table 4.110 Comparing interhemispheric differences in silent period duration 

between burns patients and uninjured subjects 

4.4.7 Latency 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Control Burn 

Mean 22.60134688 21.76153981 

Variance 3.128784438 2.929827371 

Observations 13 13 

Hypothesized Mean 

Difference 0  

df 24  

t Stat 1.230168615  

P(T<=t) one-tail 0.115278123  

t Critical one-tail 1.710882067  

P(T<=t) two-tail 0.230556245  

t Critical two-tail 2.063898547   

Table 4.111 Comparing latency duration in burn arm with less injured arm in 

burns patients 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  Burn Uninjured 

Mean 21.76153981 22.16250133 

Variance 2.929827371 3.028967113 

Observations 13 24 

Hypothesized Mean 

Difference 0  

df 25  

t Stat 

-

0.676225699  

P(T<=t) one-tail 0.25255292  

t Critical one-tail 1.708140745  

P(T<=t) two-tail 0.505105841  

t Critical two-tail 2.059538536   

Table 4.112 Comparing burn arm latency in burns patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Burn Uninjured 

Mean 0.839807077 

-

0.012500333 

Variance 2.111271226 0.663693109 

Observations 13 12 

Hypothesized Mean 

Difference 0  

df 19  

t Stat 1.82664371  

P(T<=t) one-tail 0.041753913  

t Critical one-tail 1.729132792  

P(T<=t) two-tail 0.083507825  

t Critical two-tail 2.09302405   

Table 4.113 Comparing interhemispheric differences in latency duration between 

burn patients and uninjured subjects.  

 

4.5 Unilateral vs Bilateral Burns.  

 

4.5.1 Optimal site location 

4.5.1.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Control x Burn x 

Mean 5.755714286 5.557142857 

Variance 0.783961905 0.247990476 
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Observations 7 7 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 0.517173129  

P(T<=t) one-tail 0.308752184  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.617504368  

t Critical two-tail 2.262157158   

 

Table 4.114 Comparing burn arm with uninjured arm x coordinate in unilateral 

burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Control x Burn x 

Mean 5.253333333 4.821666667 

Variance 1.693906667 0.973216667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 0.647444565  

P(T<=t) one-tail 0.266754469  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.533508939  

t Critical two-tail 2.262157158   

 

Table 4.115 Comparing burn arm with less injured arm x coordinate in bilateral 

burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Burn arm; 

unilateral 

patients 

Burn arm; 

bilateral 

patients 

Mean 5.557142857 4.821666667 

Variance 0.247990476 0.973216667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 1.654406376  

P(T<=t) one-tail 0.071010092  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.142020185  

t Critical two-tail 2.364624251   
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Table 4.116 Comparing x coordinate; unilateral burn arm with bilateral burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

burns 

Bilateral 

burns 

Mean 0.198571429 0.431666667 

Variance 0.353880952 0.836936667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 

-

0.534695431  

P(T<=t) one-tail 0.303698501  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.607397002  

t Critical two-tail 2.306004133   

 

Table 4.117 Comparing interhemispheric differences in x coordinate between 

unilateral burn patients and bilateral burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

burn arm 

Uninjured 

subjects 

Mean 5.557142857 5.897083333 

Variance 0.247990476 0.725604167 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 

-

1.326630767  

P(T<=t) one-tail 0.101088506  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.202177013  

t Critical two-tail 2.109815559   

Table 4.118 Comparing burn arm x coordinate in unilateral burns patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral 

burn arm 

Uninjured 

subjects 

Mean 4.821666667 5.897083333 

Variance 0.973216667 0.725604167 

Observations 6 24 

Hypothesized Mean 0  
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Difference 

df 7  

t Stat 

-

2.451507809  

P(T<=t) one-tail 0.022004925  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.044009851  

t Critical two-tail 2.364624251   

Table 4.119 Comparing burn arm x coordinate in bilateral burn patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

burns Uninjured 

Mean 0.198571429 0.235833333 

Variance 0.353880952 1.544553788 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 

-

0.088006467  

P(T<=t) one-tail 0.465449968  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.930899936  

t Critical two-tail 2.109815559   

Table 4.120 Comparing interhemispheric differences in x coordinate; unilateral 

burns patients vs uninjured subjects 

 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral 

burns Uninjured  

Mean 0.431666667 0.235833333 

Variance 0.836936667 1.544553788 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 13  

t Stat 0.37814242  

P(T<=t) one-tail 0.355713739  

t Critical one-tail 1.770933383  

P(T<=t) two-tail 0.711427479  

t Critical two-tail 2.160368652   

Table 4.121 Comparing interhemispheric differences in x coordinate; bilateral 

burns patients vs uninjured subjects 
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4.5.1.2 Y Coordinate  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

side Burn arm 

Mean 0.972857143 0.794285714 

Variance 1.473857143 1.763528571 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 0.262581285  

P(T<=t) one-tail 0.398663509  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.797327018  

t Critical two-tail 2.178812827   

 

Table 4.122 Comparing burn arm with uninjured arm y coordinate; unilateral 

burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less injured 

side Burn arm 

Mean 0.963333333 0.988333333 

Variance 0.923626667 0.713696667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

0.047857324  

P(T<=t) one-tail 0.48138613  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.962772259  

t Critical two-tail 2.228138842   

 

Table 4.123 Comparing burn arm y coordinate with less injured arm; bilateral 

burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

burn arm 

Bilateral 

burn arm 

Mean 0.794285714 0.988333333 

Variance 1.763528571 0.713696667 

Observations 7 6 

Hypothesized Mean 0  
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Difference 

df 10  

t Stat 

-

0.318632729  

P(T<=t) one-tail 0.378280181  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.756560362  

t Critical two-tail 2.228138842   

 

Table 4.124 Comparing unilateral burn arm with bilateral burn arm y coordinate 

 

 

Table 4.125 Comparing interhemispheric differences in x coordinate between 

unilateral and bilateral burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Unilateral Uninjured 

Mean 0.794285714 0.995833333 

Variance 1.763528571 1.201207971 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 

-

0.366763776  

P(T<=t) one-tail 0.361134962  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.722269923  

t Critical two-tail 2.262157158   

Table 4.126 Comparing unilateral burn arm y coordinate with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

burns 

Bilateral 

burns 

Mean 0.178571429 -0.025 

Variance 2.608180952 0.45383 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 0.304063048  

P(T<=t) one-tail 0.38441922  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.76883844  

t Critical two-tail 2.306004133   
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  Bilateral Uninjured 

Mean 1.078 0.995833333 

Variance 0.83182 1.201207971 

Observations 5 24 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 0.176625197  

P(T<=t) one-tail 0.432402189  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.864804377  

t Critical two-tail 2.364624251   

Table 4.127 Comparing bilateral burn arm y coordinate with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Unilateral Uninjured 

Mean 0.178571429 0.4 

Variance 2.608180952 1.2466 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 

-

0.320782776  

P(T<=t) one-tail 0.377849158  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.755698316  

t Critical two-tail 2.262157158   

Table 4.128 Comparing interhemispheric differences in y coordinates between 

unilateral burns patients and uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Bilateral Uninjured 

Mean -0.062 0.4 

Variance 0.55702 1.2466 

Observations 5 12 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

0.995709696  

P(T<=t) one-tail 0.170395159  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.340790319  

t Critical two-tail 2.200985159   
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Table 4.129 Comparing interhemispheric differences in y coordinates between 

bilateral burns patients and uninjured subjects 

4.5.2 Centre of Gravity Location 

4.5.2.1 X Coordinate 

 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

arm Burn arm 

Mean 5.751428571 5.537142857 

Variance 0.430080952 0.18762381 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.721359515  

P(T<=t) one-tail 0.243605592  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.487211184  

t Critical two-tail 2.228138842   

 

Table 4.130 Comparing burn arm with uninjured side x coordinate in unilateral 

burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less injured 

arm Burn arm 

Mean 5.445 5.008333333 

Variance 1.54295 0.642216667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 0.723574716  

P(T<=t) one-tail 0.243853025  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.487706049  

t Critical two-tail 2.262157158   

 

Table 4.131 Comparing burn arm with less injured arm x coordinate in bilateral 

burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Unilateral  Bilateral 
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Mean 5.537142857 5.008333333 

Variance 0.18762381 0.642216667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 1.445463385  

P(T<=t) one-tail 0.095783016  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.191566032  

t Critical two-tail 2.364624251   

 

Table 4.132 Comparing unilateral burn arm with bilateral burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Unilateral Bilateral 

Mean 0.214285714 0.436666667 

Variance 0.077761905 1.204866667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 

-

0.483071771  

P(T<=t) one-tail 0.323082807  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.646165613  

t Critical two-tail 2.446911846   

 

Table 4.133 Comparing interhemispheric differences in x coordinate between 

unilateral and bilateral burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

burn Uninjured 

Mean 5.537142857 5.905833333 

Variance 0.18762381 0.498051449 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 

-

1.690679697  

P(T<=t) one-tail 0.055141051  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.110282103  

t Critical two-tail 2.119905285   
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Table 4.134 Comparing unilateral burn arm x coordinate with uninjured subjects  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral 

;burn arm Uninjured  

Mean 5.008333333 5.905833333 

Variance 0.642216667 0.498051449 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 

-

2.510666268  

P(T<=t) one-tail 0.020178787  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.040357574  

t Critical two-tail 2.364624251   

Table 4.135 Comparing burn arm x coordinate in bilateral burns patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Unilateral Uninjured 

Mean 0.214285714 0.223333333 

Variance 0.077761905 1.063460606 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 

-

0.028649706  

P(T<=t) one-tail 0.488774185  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.97754837  

t Critical two-tail 2.144786681   

Table 4.136 Comparing interhemispheric differences in x coordinate between 

unilateral burns patients and uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Bilateral Uninjured 

Mean 0.436666667 0.223333333 

Variance 1.204866667 1.063460606 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.396538012  

P(T<=t) one-tail 0.350019099  
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t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.700038197  

t Critical two-tail 2.228138842   

Table 4.137 Comparing interhemispheric differences in x coordinate between 

bilateral burns patients and uninjured subjects 

4.5.2.2 Y Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

side Burn arm 

Mean 0.954285714 0.767142857 

Variance 1.180528571 1.817557143 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.285956685  

P(T<=t) one-tail 0.390112326  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.780224653  

t Critical two-tail 2.200985159   

 

Table 4.138 Comparing burn arm y coordinate with uninjured side in unilateral 

burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less injured 

side Burn side 

Mean 0.906666667 0.751666667 

Variance 1.080706667 0.563936667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 0.296054358  

P(T<=t) one-tail 0.386953035  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.77390607  

t Critical two-tail 2.262157158   

 

Table 4.139 Comparing burn arm y coordinate with less injured side in bilateral 

burns patients 

t-Test: Two-Sample Assuming Unequal Variances 
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  Unilateral Bilateral 

Mean 0.767142857 0.751666667 

Variance 1.817557143 0.563936667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.026024542  

P(T<=t) one-tail 0.48987489  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.97974978  

t Critical two-tail 2.228138842   

 

Table 4.140 Comparing burn arm y coordinate in patients with unilateral burns 

with bilateral burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Unilateral Bilateral 

Mean 0.187142857 0.155 

Variance 1.940390476 0.59675 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.052373485  

P(T<=t) one-tail 0.479631281  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.959262561  

t Critical two-tail 2.228138842   

 

Table 4.141 Comparing interhemispheric differences in y coordinate between 

unilateral and bilateral burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral; 

burn arm Uninjured 

Mean 0.767142857 0.8725 

Variance 1.817557143 1.077784783 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 

-

0.190909907  

P(T<=t) one-tail 0.426676058  

t Critical one-tail 1.859548033  
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P(T<=t) two-tail 0.853352117  

t Critical two-tail 2.306004133   

Table 4.142 Comparing burn arm y coordinate in unilateral burns patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral 

burns ;burn 

arm Uninjured 

Mean 0.751666667 0.8725 

Variance 0.563936667 1.077784783 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

0.324220222  

P(T<=t) one-tail 0.376225542  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.752451083  

t Critical two-tail 2.228138842   

Table 4.143 Comparing burn arm y coordinate in bilateral burns patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Unilateral Uninjured 

Mean 0.187142857 0.628333333 

Variance 1.940390476 0.683433333 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 

-

0.763228317  

P(T<=t) one-tail 0.232431121  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.464862242  

t Critical two-tail 2.262157158   

Table 4.144 Comparing interhemispheric differences in y coordinate between 

unilateral burns patients and uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Bilateral  Uninjured 

Mean 0.155 0.628333333 

Variance 0.59675 0.683433333 

Observations 6 12 
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Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

1.196832266  

P(T<=t) one-tail 0.128264746  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.256529492  

t Critical two-tail 2.200985159   

Table 4.145 Comparing interhemispheric differences in y coordinate between 

bilateral burns patients and uninjured subjects 

4.5.3 TMS Map Area 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

side Burn arm 

Mean 24.85285714 21.12 

Variance 35.27269048 15.62643333 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 1.384315994  

P(T<=t) one-tail 0.098186173  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.196372347  

t Critical two-tail 2.228138842   

 

Table 4.146 Comparing burn arm map area with uninjured side in unilateral burns 

patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less injured 

side Burn arm 

Mean 24.98166667 22.315 

Variance 13.00993667 22.16611 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 1.101338555  

P(T<=t) one-tail 0.149665147  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.299330293  

t Critical two-tail 2.262157158   
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Table 4.147 Comparing burn arm map area with less injured side in bilateral burns 

patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

burn; burn 

arm 

Bilateral 

burn; 

burn arm 

Mean 21.12 22.315 

Variance 15.62643333 22.16611 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

0.490864313  

P(T<=t) one-tail 0.317057726  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.634115452  

t Critical two-tail 2.228138842   

 

Table 4.148 Comparing burn arm map area in unilateral burn patients with 

bilateral burn patients  

 

• Comparing interhemispheric differences in map area between unilateral and 

bilateral burns patients 

Wilcoxon rank sum test 

 

data:  unilatmapdiffs and bilatmapdiffs  

W = 17, p-value = 0.6282 

alternative hypothesis: true location shift is not equal to 0 

• Comparing map area in burn arm in unilateral burns patients with uninjured 

subjects 

Wilcoxon rank sum test with continuity correction 

 

data:  unilatburnmap and uninjuredmapall  

W = 60, p-value = 0.2184 

alternative hypothesis: true location shift is not equal to 0  

• Comparing map area in burn arm in bilateral burns patients with uninjured 

subjects 

Wilcoxon rank sum test with continuity correction 

 

data:  bilatburnmap and uninjuredmapall  

W = 56, p-value = 0.3549 

alternative hypothesis: true location shift is not equal to 0  

• Comparing interhemispheric differences in map area in unilateral burns patients 

and uninjured subjects 
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 Wilcoxon rank sum test 

 

data:  unilatmapdiffs and uninjuredmapdiff  

W = 57, p-value = 0.2268 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differences in map area in bilateral burns patients 

and uninjured subjects 

 

 Wilcoxon rank sum test 

 

data:  bilatmapdiffs and uninjuredmapdiff  

W = 48, p-value = 0.2908 

alternative hypothesis: true location shift is not equal to 0 

 

4.5.4 Average MEP Amplitude 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

side Burn arm 

Mean 6.009243071 5.380167207 

Variance 7.436158822 5.798947716 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 0.457497075  

P(T<=t) one-tail 0.327743173  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.655486346  

t Critical two-tail 2.178812827   

Table 4.149 Comparing MEP amplitude in burn arm with uninjured side in 

unilateral burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less injured 

side Burn arm 

Mean 4.473012325 4.059117683 

Variance 3.815049666 5.736688326 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.328038055  

P(T<=t) one-tail 0.374823967  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.749647935  
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t Critical two-tail 2.228138842   

Table 4.150 Comparing burn arm with less injured side in bilateral burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

burn; burn 

arm 

Bilateral 

burn; burn 

arm 

Mean 5.380167207 4.059117683 

Variance 5.798947716 5.736688326 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.988909306  

P(T<=t) one-tail 0.171980728  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.343961456  

t Critical two-tail 2.200985159   

Table 4.151 Comparing MEP amplitude in burn arm in unilateral burn patients 

with bilateral burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Unilateral Bilateral 

Mean 0.629075864 0.413894642 

Variance 4.480639386 3.368961351 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.196303092  

P(T<=t) one-tail 0.423976264  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.847952529  

t Critical two-tail 2.200985159   

Table 4.152 Comparing interhemispheric differences in MEP amplitude unilateral 

burns patients with bilateral burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

burn arm Uninjured 

Mean 5.380167207 5.617268883 

Variance 5.798947716 5.621772764 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 10  
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t Stat 

-

0.230004918  

P(T<=t) one-tail 0.411362295  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.82272459  

t Critical two-tail 2.228138842   

Table 4.153 Comparing MEP amplitude in burn arm of unilateral burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral 

burn;burn 

arm  Uninjured 

Mean 4.059117683 5.617268883 

Variance 5.736688326 5.621772764 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 

-

1.428141705  

P(T<=t) one-tail 0.095551985  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.191103969  

t Critical two-tail 2.306004133   

Table 4.154 Comparing MEP amplitude in burn arm of bilateral burn patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

burn Uninjured 

Mean 0.629075864 -0.50891234 

Variance 4.480639386 9.856971359 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 0.941320497  

P(T<=t) one-tail 0.180268449  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.360536897  

t Critical two-tail 2.119905285   

Table 4.155 Comparing interhemispheric differences in MEP amplitude between 

unilateral burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 
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Bilateral 

burn Uninjured 

Mean 0.629075864 0.413894642 

Variance 4.480639386 3.368961351 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.196303092  

P(T<=t) one-tail 0.423976264  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.847952529  

t Critical two-tail 2.200985159   

Table 4.156 Comparing interhemispheric differences in MEP amplitude between 

bilateral burn patients with uninjured subjects 

4.5.5 Threshold  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

side Burn arm 

Mean 54 53.71428571 

Variance 52 281.9047619 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 0.04136849  

P(T<=t) one-tail 0.484007977  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.968015953  

t Critical two-tail 2.306004133   

 

Table 4.157 Comparing burn arm threshold with uninjured side in unilateral burns 

patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less injured 

side Burn arm 

Mean 56 56.83333333 

Variance 356.4 322.5666667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat -0.07833758  

P(T<=t) one-tail 0.469552444  
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t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.939104888  

t Critical two-tail 2.228138842   

 

Table 4.158 Comparing burn arm threshold with less injured side in bilateral burns 

patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

burn; burn 

arm 

Bilateral 

burn; burn 

arm 

Mean 53.71428571 56.83333333 

Variance 281.9047619 322.5666667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

0.321648367  

P(T<=t) one-tail 0.377170768  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.754341536  

t Critical two-tail 2.228138842   

 

Table 4.159 Comparing burn arm threshold in unilateral burns patients with 

bilateral burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Unilateral Bilateral 

Mean 0.285714286 

-

0.833333333 

Variance 190.5714286 47.76666667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 0.188654028  

P(T<=t) one-tail 0.427274715  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.854549431  

t Critical two-tail 2.262157158   

 

Table 4.160 Comparing interhemispheric differences in threshold in unilateral burn 

patients with bilateral burn patients.  

t-Test: Two-Sample Assuming Unequal Variances 
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Unilateral 

burn; burn 

arm Uninjured 

Mean 53.71428571 49.70833333 

Variance 281.9047619 108.2155797 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 0.598629956  

P(T<=t) one-tail 0.284138526  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.568277052  

t Critical two-tail 2.364624251   

Table 4.161 Comparing threshold in burn arm in unilateral burn patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral 

burn;burn 

arm Uninjured 

Mean 56.83333333 49.70833333 

Variance 322.5666667 108.2155797 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.933387565  

P(T<=t) one-tail 0.193320752  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.386641504  

t Critical two-tail 2.446911846   

Table 4.162 Comparing threshold in burn arm in bilateral burn patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

burns Uninjured 

Mean 0.285714286 

-

0.083333333 

Variance 190.5714286 24.62878788 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 0.068205586  

P(T<=t) one-tail 0.473764677  
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t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.947529354  

t Critical two-tail 2.364624251   

Table 4.163 Comparing interhemispheric differences in threshold in unilateral burn 

patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral 

burn Uninjured 

Mean 

-

0.833333333 

-

0.083333333 

Variance 47.76666667 24.62878788 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 

-

0.237010777  

P(T<=t) one-tail 0.409302437  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.818604874  

t Critical two-tail 2.306004133   

Table 4.164 Comparing interhemispheric differences in threshold in bilateral burn 

patients with uninjured subjects 

4.5.6 Silent Period 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

side Burn arm 

Mean 138.1925029 133.971429 

Variance 317.2647856 2591.547786 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 0.207068531  

P(T<=t) one-tail 0.420925535  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.841851071  

t Critical two-tail 2.364624251   

 

Table 4.165 Comparing silent period duration in burn arm with uninjured side in 

unilateral burn patients 

t-Test: Two-Sample Assuming Unequal Variances 
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Less injured 

side Burn arm 

Mean 126.0791717 132.3416735 

Variance 1189.308507 834.6719193 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

0.340973272  

P(T<=t) one-tail 0.370089592  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.740179185  

t Critical two-tail 2.228138842   

 

Table 4.166 Comparing silent period duration in burn arm with less injured side in 

bilateral burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

burn; burn 

arm 

Bilateral 

burn; burn 

arm 

Mean 133.971429 132.3416735 

Variance 2591.547786 834.6719193 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.072214017  

P(T<=t) one-tail 0.471927758  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.943855515  

t Critical two-tail 2.228138842   

 

Table 4.167 Comparing silent period in burn arm in unilateral burn patients with 

bilateral burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Unilateral Bilateral 

Mean 4.221073857 

-

6.262501833 

Variance 1403.434925 879.7188505 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.562698234  
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P(T<=t) one-tail 0.292462967  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.584925934  

t Critical two-tail 2.200985159   

 

Table 4.168 Comparing interhemispheric differences in silent period duration 

between unilateral burns patients and bilateral burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

burn; burn 

arm Uninjured 

Mean 133.971429 148.875525 

Variance 2591.547786 1053.991171 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 

-

0.732374827  

P(T<=t) one-tail 0.243865692  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.487731384  

t Critical two-tail 2.364624251   

Table 4.169 Comparing silent period duration in burn arm of unilateral burn 

patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral 

burn; burn 

arm Uninjured 

Mean 132.3416735 148.875525 

Variance 834.6719193 1053.991171 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 8  

t Stat -1.22212303  

P(T<=t) one-tail 0.12822266  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.256445321  

t Critical two-tail 2.306004133   

Table 4.170 Comparing silent period duration in burn arm of bilateral burn 

patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 
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  Unilateral  Uninjured 

Mean 4.221073857 

-

2.653119917 

Variance 1403.434925 1388.447819 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 13  

t Stat 0.386584543  

P(T<=t) one-tail 0.352658689  

t Critical one-tail 1.770933383  

P(T<=t) two-tail 0.705317378  

t Critical two-tail 2.160368652   

Table 4.171 Comparing interhemispheric differences in silent period duration in 

unilateral burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Bilateral Uninjured 

Mean 

-

6.262501833 

-

2.653119917 

Variance 879.7188505 1388.447819 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 

-

0.222850697  

P(T<=t) one-tail 0.413699935  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.82739987  

t Critical two-tail 2.178812827   

Table 4.172 Comparing interhemispheric differences in silent period duration in 

bilateral burn patients with uninjured subjects 

4.5.7 Latency 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

side Burn arm 

Mean 22.54 21.85714314 

Variance 5.268658333 4.355095346 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 0.582379991  

P(T<=t) one-tail 0.285545681  
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t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.571091363  

t Critical two-tail 2.178812827   

 

Table 4.173 Comparing burn arm latency duration with uninjured side in unilateral 

burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less injured 

side Burn arm 

Mean 22.67291708 21.6500005 

Variance 1.175277446 1.77774751 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 1.458083132  

P(T<=t) one-tail 0.087748498  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.175496997  

t Critical two-tail 2.228138842   

 

Table 4.174 Comparing burn arm latency duration with less injured side in bilateral 

burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

burn; burn 

arm 

Bilateral 

burn; burn 

arm 

Mean 21.85714314 21.6500005 

Variance 4.355095346 1.77774751 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.216143555  

P(T<=t) one-tail 0.416610565  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.83322113  

t Critical two-tail 2.228138842   

 

Table 4.175 Comparing latency duration in burn arm of unilateral burn patients 

with bilateral burn patients 

t-Test: Two-Sample Assuming Unequal Variances 
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  Unilateral  Bilateral 

Mean 0.682856857 1.022916583 

Variance 2.17254674 2.385275674 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

0.404172024  

P(T<=t) one-tail 0.346916623  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.693833245  

t Critical two-tail 2.200985159   

 

Table 4.176 Comparing interhemispheric differences in latency duration in 

unilateral burn patients with bilateral burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral 

burn; burn 

arm  Uninjured 

Mean 21.85714314 22.16250133 

Variance 4.355095346 3.028967113 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 

-

0.352982595  

P(T<=t) one-tail 0.366113818  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.732227636  

t Critical two-tail 2.262157158   

Table 4.177 Comparing latency duration in burn arm of unilateral burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral 

burn; burn 

arm Uninjured 

Mean 21.6500005 22.16250133 

Variance 1.77774751 3.028967113 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 10  

t Stat -  
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0.788464486 

P(T<=t) one-tail 0.224356428  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.448712857  

t Critical two-tail 2.228138842   

Table 4.178 Comparing latency duration in burn arm of bilateral burn patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Unilateral Uninjured 

Mean 0.894583 

-

0.012500333 

Variance 2.230501227 0.663693109 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 1.388045731  

P(T<=t) one-tail 0.103847857  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.207695714  

t Critical two-tail 2.364624251   

Table 4.179 Comparing interhemispheric differences in latency duration in 

unilateral burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Bilateral Uninjured 

Mean 1.022916583 

-

0.012500333 

Variance 2.385275674 0.663693109 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 1.538637432  

P(T<=t) one-tail 0.087407007  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.174814013  

t Critical two-tail 2.446911846   

Table 4.180 Comparing interhemispheric differences in latency duration in bilateral 

burn patients with uninjured subjects 

4.6 Upper limb burn only (UL): Unilateral vs bilateral 
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4.6.1 Optimal site location 

4.6.1.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

side 

Burn 

arm 

Mean 5.3125 5.315 

Variance 0.702491667 0.1423 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

0.005439954  

P(T<=t) one-tail 0.49796003  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.99592006  

t Critical two-tail 2.776445105   

 

Table 4.181 Comparing burn arm x coordinate with uninjured side in unilateral UL 

burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less injured 

side 

Burn 

arm 

Mean 5.145 4.81 

Variance 0.10125 1.0082 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 0.449786004  

P(T<=t) one-tail 0.365458066  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.730916131  

t Critical two-tail 12.70620473   

 

Table 4.182 Comparing burn arm x coordinate with less injured side in bilateral UL 

burn patients  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn; burn 

arm 

Bilateral 

UL 

burn; 

burn 
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arm 

Mean 5.315 4.81 

Variance 0.1423 1.0082 

Observations 4 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 0.687424851  

P(T<=t) one-tail 0.308302227  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.616604455  

t Critical two-tail 12.70620473   

 

Table 4.183 Comparing x coordinate in burn arm of unilateral UL burn patients 

with bilateral UL burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn 

Bilateral 

UL burn 

Mean -0.0025 0.335 

Variance 0.570958333 0.47045 

Observations 4 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 

-

0.548969509  

P(T<=t) one-tail 0.319063895  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.638127789  

t Critical two-tail 4.30265273   

 

Table 4.184 Comparing interhemispheric differences in x coordinate between 

unilateral UL burn patients and bilateral UL burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn; burn 

arm Uninjured 

Mean 5.315 5.897083333 

Variance 0.1423 0.725604167 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 

-

2.269050416  
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P(T<=t) one-tail 0.02471988  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.04943976  

t Critical two-tail 2.262157158   

Table 4.185 Comparing burn arm x coordinate in unilateral UL burns patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

burn; burn 

arm Uninjured 

Mean 4.81 5.897083333 

Variance 1.0082 0.725604167 

Observations 2 24 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

1.487156361  

P(T<=t) one-tail 0.188432462  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.376864923  

t Critical two-tail 12.70620473   

Table 4.186 Comparing burn arm x coordinate in bilateral UL burn patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn  Uninjured 

Mean -0.0025 0.235833333 

Variance 0.570958333 1.544553788 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 9  

t Stat -0.45744401  

P(T<=t) one-tail 0.329097105  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.65819421  

t Critical two-tail 2.262157158   

Table 4.187 Comparing interhemispheric differences in x coordinate in unilateral 

UL burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

burn  Uninjured 
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Mean 0.335 0.235833333 

Variance 0.47045 1.544553788 

Observations 2 12 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.164381191  

P(T<=t) one-tail 0.44227114  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.884542279  

t Critical two-tail 4.30265273   

Table 4.188 Comparing interhemispheric differences in x coordinate in bilateral UL 

burn patients with uninjured subjects 

4.6.1.2 Y Coordinate  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

side Burn arm 

Mean 1.28 0.0025 

Variance 2.579466667 0.988158333 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 1.352699424  

P(T<=t) one-tail 0.11705169  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.234103379  

t Critical two-tail 2.570581835   

 

Table 4.189 Comparing burn arm y coordinate with uninjured side in unilateral UL 

burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less injured 

side  

Burn 

arm 

Mean 0.455 1.01 

Variance 0.12005 0.4418 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 

-

1.047123216  

P(T<=t) one-tail 0.202467396  

t Critical one-tail 2.91998558  
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P(T<=t) two-tail 0.404934793  

t Critical two-tail 4.30265273   

 

Table 4.190 Comparing burn arm y coordinate with less injured side in bilateral UL 

burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn; burn 

arm  

Bilateral 

UL 

burn; 

burn 

arm 

Mean 0.0025 1.01 

Variance 0.988158333 0.4418 

Observations 4 2 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

1.472821661  

P(T<=t) one-tail 0.11860494  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.23720988  

t Critical two-tail 3.182446305   

 

Table 4.191 Comparing y coordinate in burn arm of unilateral UL burn patients 

with bilateral UL burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn 

Bilateral 

UL burn 

Mean 1.2775 -0.555 

Variance 0.710958333 1.02245 

Observations 4 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 2.207727842  

P(T<=t) one-tail 0.078974103  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.157948207  

t Critical two-tail 4.30265273   

 

Table 4.192 Comparing interhemispheric differences in y coordinate between 

unilateral UL burn patients and bilateral UL burn patients 

t-Test: Two-Sample Assuming Unequal Variances 
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Unilateral UL 

burn;burn 

arm  Uninjured 

Mean 0.0025 0.995833333 

Variance 0.988158333 1.201207971 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

1.822430832  

P(T<=t) one-tail 0.071237116  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.142474231  

t Critical two-tail 2.776445105   

Table 4.193 Comparing y coordinate in burn arm of unilateral UL burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

burn;burn 

arm Uninjured 

Mean 1.01 0.995833333 

Variance 0.4418 1.201207971 

Observations 2 24 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.027215908  

P(T<=t) one-tail 0.490379505  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.980759009  

t Critical two-tail 4.30265273   

Table 4.194 Comparing y coordinate in burn arm of bilateral UL burn patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn  Uninjured 

Mean 1.2775 0.4 

Variance 0.710958333 1.2466 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 1.653533999  
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P(T<=t) one-tail 0.071099854  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.142199709  

t Critical two-tail 2.364624251   

Table 4.195 Comparing interhemispheric differences in y coordinate between 

unilateral UL burn patients and uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

burn Uninjured 

Mean -0.555 0.4 

Variance 1.02245 1.2466 

Observations 2 12 

Hypothesized Mean 

Difference 0  

df 1  

t Stat -1.21766428  

P(T<=t) one-tail 0.218857556  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.437715111  

t Critical two-tail 12.70620473   

Table 4.196 Comparing interhemispheric differences in y coordinate between 

bilateral UL burn patients and uninjured subjects 

 

4.6.2 Centre of Gravity Location 

4.6.2.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

side Burn arm 

Mean 5.2625 5.25 

Variance 0.045625 0.049666667 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.080986484  

P(T<=t) one-tail 0.46904329  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.93808658  

t Critical two-tail 2.446911846   
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Table 4.197 Comparing burn arm x coordinate with uninjured side in unilateral UL 

burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less injured 

side  

Burn 

arm 

Mean 5.23 5.025 

Variance 0.0098 1.11005 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 0.273961119  

P(T<=t) one-tail 0.4148839  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.829767799  

t Critical two-tail 12.70620473   

 

Table 4.198 Comparing burn arm x coordinate with less injured side in bilateral UL 

burn patients 

 

 

 

Table 4.199 Comparing x coordinate in burn arm in unilateral UL burn patients 

with bilateral UL burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn 

Bilateral 

UL burn 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn; burn 

arm 

Bilateral 

UL 

burn; 

burn 

arm 

Mean 5.25 5.025 

Variance 0.049666667 1.11005 

Observations 4 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 0.298690842  

P(T<=t) one-tail 0.407608869  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.815217737  

t Critical two-tail 12.70620473   
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Mean 0.0125 0.205 

Variance 0.009491667 0.91125 

Observations 4 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

0.284445444  

P(T<=t) one-tail 0.411787995  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.82357599  

t Critical two-tail 12.70620473   

 

Table 4.200 Comparing interhemispheric differences in x coordinate between 

unilateral UL burn patients and bilateral UL burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn; burn 

arm Uninjured 

Mean 5.25 5.905833333 

Variance 0.049666667 0.498051449 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 

-

3.601044917  

P(T<=t) one-tail 0.001196961  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.002393923  

t Critical two-tail 2.119905285   

Table 4.201 Comparing burn arm x coordinate in unilateral UL burn patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

burn; burn 

arm Uninjured 

Mean 5.025 5.905833333 

Variance 1.11005 0.498051449 

Observations 2 24 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

1.160824407  
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P(T<=t) one-tail 0.226352642  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.452705284  

t Critical two-tail 12.70620473   

Table 4.202 Comparing burn arm x coordinate in bilateral UL burn patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn Uninjured 

Mean 0.0125 0.223333333 

Variance 0.009491667 1.063460606 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 

-

0.698926302  

P(T<=t) one-tail 0.248960631  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.497921262  

t Critical two-tail 2.178812827   

Table 4.203 Comparing interhemispheric differences in x coordinate between 

unilateral UL burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

burn Uninjured 

Mean 0.205 0.223333333 

Variance 0.91125 1.063460606 

Observations 2 12 

Hypothesized Mean 

Difference 0  

df 1  

t Stat -0.02485098  

P(T<=t) one-tail 0.492091315  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.98418263  

t Critical two-tail 12.70620473   

Table 4.204 Comparing interhemispheric differences in x coordinate between 

bilateral UL burn patients with uninjured subjects 
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4.6.2.2 Y Coordinate 

 

 

Table 4.205 Comparing y coordinate in burn arm with uninjured side in unilateral 

UL burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less injured 

side 

Burn 

arm 

Mean 0.415 0.92 

Variance 0.28125 0.2888 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 

-

0.945910183  

P(T<=t) one-tail 0.222019285  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.444038569  

t Critical two-tail 4.30265273   

 

Table 4.206 Comparing y coordinate in burn arm with less injured side in bilateral 

UL burn patients  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn; burn 

arm  

Bilateral 

UL 

burn; 

burn 

arm 

Mean 0 0.92 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

side Burn arm 

Mean 1.06 0 

Variance 2.232266667 1.227133333 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 1.139817893  

P(T<=t) one-tail 0.148905545  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.29781109  

t Critical two-tail 2.446911846   
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Variance 1.227133333 0.2888 

Observations 4 2 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

1.369655365  

P(T<=t) one-tail 0.121324859  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.242649718  

t Critical two-tail 2.776445105   

 

Table 4.207 Comparing burn arm y coordinate in unilateral UL burn patients with 

bilateral UL burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn 

Bilateral 

UL burn 

Mean 1.06 -0.505 

Variance 0.569 1.14005 

Observations 4 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 1.854344802  

P(T<=t) one-tail 0.102426755  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.20485351  

t Critical two-tail 4.30265273   

 

Table 4.208 Comparing interhemispheric differences in y coordinate in unilateral 

UL burn patients with bilateral UL burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn; burn 

arm Uninjured 

Mean 0 0.8725 

Variance 1.227133333 1.077784783 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

1.471244283  

P(T<=t) one-tail 0.10759506  

t Critical one-tail 2.131846782  
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P(T<=t) two-tail 0.215190121  

t Critical two-tail 2.776445105   

Table 4.209 Comparing burn arm y coordinate in unilateral UL burn patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

burn;burn 

arm  Uninjured 

Mean 0.92 0.8725 

Variance 0.2888 1.077784783 

Observations 2 24 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.109171549  

P(T<=t) one-tail 0.461516524  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.923033048  

t Critical two-tail 4.30265273   

Table 4.210 Comparing burn arm y coordinate in bilateral UL burn patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn Uninjured 

Mean 1.06 0.628333333 

Variance 0.569 0.683433333 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.96716555  

P(T<=t) one-tail 0.185406237  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.370812475  

t Critical two-tail 2.446911846   

Table 4.211 Comparing interhemispheric differences in y coordinate between 

unilateral UL burn patients and uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

burn Uninjured 

Mean -0.505 0.628333333 

Variance 1.14005 0.683433333 

Observations 2 12 
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Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

1.431303022  

P(T<=t) one-tail 0.194114538  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.388229076  

t Critical two-tail 12.70620473   

Table 4.212 Comparing interhemispheric differences in y coordinate between 

bilateral UL burn patients and uninjured subjects 

 

4.6.3 TMS Map Area 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

side 

Burn 

arm 

Mean 26.495 19.755 

Variance 60.5297 24.0745 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 1.46552736  

P(T<=t) one-tail 0.101337169  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.202674337  

t Critical two-tail 2.570581835   

 

Table 4.213 Comparing map area in burn arm with uninjured side in unilateral UL 

burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less injured 

side  Burn arm 

Mean 27 23.555 

Variance 16.3592 13.26125 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.895175934  

P(T<=t) one-tail 0.232579008  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.465158017  

t Critical two-tail 4.30265273   
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Table 4.214 Comparing map area in burn arm with less injured arm in bilateral UL 

burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn; burn 

arm 

Bilateral 

UL burn; 

burn arm 

Mean 19.755 23.555 

Variance 24.0745 13.26125 

Observations 4 2 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

1.068442632  

P(T<=t) one-tail 0.181829162  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.363658325  

t Critical two-tail 3.182446305   

 

Table 4.215 Comparing map area in burn arm in unilateral UL burn patients with 

bilateral UL burn patients 

 

• Comparing interhemispheric differences in map area in unilateral UL burn 

patients with bilateral UL burn patients 

Wilcoxon rank sum test 

 

data:  ulunilatmapdiffs and ulbilatmapdiffs  

W = 4, p-value = 1 

alternative hypothesis: true location shift is not equal to 0 

• Comparing map area in burn arm in unilateral UL burn patients with uninjured 

subjects 

Wilcoxon rank sum test with continuity correction 

 

data:  ulunilatburnmap and uninjuredmapall  

W = 26, p-value = 0.1372 

alternative hypothesis: true location shift is not equal to 0 

• Comparing map are in burn arm in bilateral UL burn patients with uninjured 

subjects 

Wilcoxon rank sum test with continuity correction 

 

data:  ulbilatburnmap and uninjuredmapall  

W = 21, p-value = 0.7459 

alternative hypothesis: true location shift is not equal to 0 
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• Comparing interhemispheric differences in map area in unilateral UL burn 

patients with uninjured subjects 

 

 Wilcoxon rank sum test 

 

data:  ulunilatmapdiffs and uninjuredmapdiff  

W = 36, p-value = 0.1703 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differences in map area in bilateral UL burn patients 

with uninjured subjects 

 

 Wilcoxon rank sum test 

 

data:  ulbilatmapdiffs and uninjuredmapdiff  

W = 17, p-value = 0.4396 

alternative hypothesis: true location shift is not equal to 0 

 

 

4.6.4 Average MEP Amplitude 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

side Burn arm 

Mean 6.627520613 7.02731125 

Variance 3.917126804 0.549721676 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

0.378322355  

P(T<=t) one-tail 0.362206395  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.724412789  

t Critical two-tail 2.776445105   

Table 4.216 Comparing MEP amplitude in burn arm with uninjured side in 

unilateral UL burn patients. 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less injured 

side Burn arm 

Mean 4.956321675 4.568157225 

Variance 1.071654808 2.422797558 

Observations 2 2 

Hypothesized Mean 0  



 93 

Difference 

df 2  

t Stat 0.293657565  

P(T<=t) one-tail 0.398344798  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.796689596  

t Critical two-tail 4.30265273   

Table 4.217 Comparing MEP amplitude in burn arm with less injured side in 

bilateral UL burn patients. 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn;burn 

arm 

Bilateral UL 

burn; burn 

arm 

Mean 7.02731125 4.568157225 

Variance 0.549721676 2.422797558 

Observations 4 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 2.117421174  

P(T<=t) one-tail 0.140444901  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.280889803  

t Critical two-tail 12.70620473   

Table 4.218 Comparing MEP amplitude in burn arm in unilateral UL burn patients 

with bilateral UL burn patients. 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn 

Bilateral UL 

burn 

Mean 

-

0.399790638 0.38816445 

Variance 3.12354771 6.717123712 

Observations 4 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

0.387284581  

P(T<=t) one-tail 0.382385458  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.764770917  

t Critical two-tail 12.70620473   

Table 4.219 Comparing interhemispheric differences in MEP amplitude in 

unilateral UL burn patients with bilateral UL burn patients. 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn;burn 

arm Uninjured  

Mean 7.02731125 5.617268883 

Variance 0.549721676 5.621772764 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 2.31287868  

P(T<=t) one-tail 0.017181795  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.034363591  

t Critical two-tail 2.119905285   

Table 4.220 Comparing MEP amplitude in burn arm of unilateral UL burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

burn;burn 

arm Uninjured 

Mean 4.568157225 5.617268883 

Variance 2.422797558 5.621772764 

Observations 2 24 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

0.872552844  

P(T<=t) one-tail 0.271631019  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.543262037  

t Critical two-tail 12.70620473   

Table 4.221 Comparing MEP amplitude in burn arm of bilateral UL burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn Uninjured 

Mean 

-

0.399790638 -0.50891234 

Variance 3.12354771 9.856971359 

Observations 4 12 

Hypothesized Mean 

Difference 0  
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df 10  

t Stat 0.086206309  

P(T<=t) one-tail 0.466502037  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.933004075  

t Critical two-tail 2.228138842   

Table 4.222 Comparing interhemispheric differences in MEP amplitude in 

unilateral UL burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

burn  Uninjured 

Mean 0.38816445 -0.50891234 

Variance 6.717123712 9.856971359 

Observations 2 12 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.438775853  

P(T<=t) one-tail 0.351836741  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.703673483  

t Critical two-tail 4.30265273   

Table 4.223 Comparing interhemispheric differences in MEP amplitude in bilateral 

UL burn patients with uninjured subjects 

 

4.6.5 Threshold  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

side  

Burn 

arm 

Mean 53.75 43.25 

Variance 22.91666667 72.25 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 2.152667062  

P(T<=t) one-tail 0.041980725  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.08396145  

t Critical two-tail 2.570581835   

 

Table 4.224 Comparing threshold to stimulation in burn arm with uninjured side in 

unilateral UL burn patients.  



 96 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less injured 

side 

Burn 

arm 

Mean 59 53 

Variance 32 200 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 0.557086015  

P(T<=t) one-tail 0.338213511  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.676427022  

t Critical two-tail 12.70620473   

 

Table 4.225 Comparing threshold to stimulation in burn arm with less injured side 

in bilateral UL burn patients. 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn;burn 

arm 

Bilateral 

UL 

burn;burn 

arm 

Mean 43.25 53 

Variance 72.25 200 

Observations 4 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

0.897322645  

P(T<=t) one-tail 0.26720918  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.53441836  

t Critical two-tail 12.70620473   

 

Table 4.226 Comparing threshold to stimulation in burn arm in unilateral UL burn 

patients with bilateral UL burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn 

Bilateral 

UL burn 

Mean 10.5 6 

Variance 17.66666667 72 

Observations 4 2 

Hypothesized Mean 0  
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Difference 

df 1  

t Stat 0.707835382  

P(T<=t) one-tail 0.303932163  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.607864327  

t Critical two-tail 12.70620473   

 

Table 4.227 Comparing interhemispheric differences in threshold value between 

unilateral UL burn patients and bilateral UL burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn; burn 

arm Uninjured 

Mean 43.25 49.70833333 

Variance 72.25 108.2155797 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

1.359378555  

P(T<=t) one-tail 0.116060819  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.232121638  

t Critical two-tail 2.570581835   

Table 4.228 Comparing threshold to stimulation in burn arm of unilateral UL burn 

patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

Burn Uninjured 

Mean 53 49.70833333 

Variance 200 108.2155797 

Observations 2 24 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 0.321987521  

P(T<=t) one-tail 0.400844941  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.801689881  

t Critical two-tail 12.70620473   

Table 4.229 Comparing threshold to stimulation in burn arm of bilateral UL burn 

patients with uninjured subjects 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn  Uninjured 

Mean 10.5 

-

0.083333333 

Variance 17.66666667 24.62878788 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 4.161038129  

P(T<=t) one-tail 0.002968762  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.005937524  

t Critical two-tail 2.446911846   

Table 4.230 Comparing interhemispheric differences in threshold to stimulation 

between unilateral UL burn patients and uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

burn Uninjured 

Mean 6 

-

0.083333333 

Variance 72 24.62878788 

Observations 2 12 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 0.986167289  

P(T<=t) one-tail 0.252216841  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.504433683  

t Critical two-tail 12.70620473   

Table 4.231 Comparing interhemispheric differences in threshold to stimulation 

between bilateral UL burn patients and uninjured subjects 

4.6.6 Silent Period 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

side  Burn arm 

Mean 139.8056263 119.6312483 

Variance 178.1733269 844.7474929 

Observations 4 4 

Hypothesized Mean 

Difference 0  
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df 4  

t Stat 1.261563573  

P(T<=t) one-tail 0.137830629  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.275661259  

t Critical two-tail 2.776445105   

 

Table 4.232 Comparing silent period duration in burn arm with uninjured side in 

unilateral UL burn patients. 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less injured 

side Burn arm 

Mean 138.062505 121.8625075 

Variance 380.1900368 106.2153854 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 1.038797131  

P(T<=t) one-tail 0.204001926  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.408003851  

t Critical two-tail 4.30265273   

 

Table 4.233 Comparing silent period duration in burn arm with less injured side in 

bilateral UL burn patients. 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn;burn 

arm 

Bilateral UL 

burn;burn 

arm 

Mean 119.6312483 121.8625075 

Variance 844.7474929 106.2153854 

Observations 4 2 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

0.137247966  

P(T<=t) one-tail 0.448732999  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.897465998  

t Critical two-tail 2.776445105   
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Table 4.234 Comparing silent period duration in burn arm in unilateral UL burn 

patients with bilateral UL burn patients. 

 

 

Table 4.235 Comparing interhemispheric differences in silent period duration in 

unilateral UL burn patients with bilateral UL burn patients. 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn;burn 

arm Uninjured 

Mean 119.6312483 148.875525 

Variance 844.7474929 1053.991171 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

1.830977284  

P(T<=t) one-tail 0.070533727  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.141067454  

t Critical two-tail 2.776445105   

Table 4.236 Comparing silent period duration in burn arm in unilateral UL burn 

patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

burn;burn 

arm  Uninjured 

Mean 121.8625075 148.875525 

Variance 106.2153854 1053.991171 

Observations 2 24 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn 

Bilateral UL 

burn 

Mean 20.174378 16.1999975 

Variance 420.0163564 888.3110393 

Observations 4 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.169597775  

P(T<=t) one-tail 0.440464713  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.880929426  

t Critical two-tail 4.30265273   
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Hypothesized Mean 

Difference 0  

df 3  

t Stat -2.74241725  

P(T<=t) one-tail 0.035596845  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.07119369  

t Critical two-tail 3.182446305   

Table 4.237 Comparing silent period duration in burn arm in bilateral UL burn 

patient with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn Uninjured 

Mean 20.174378 

-

2.653119917 

Variance 420.0163564 1388.447819 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 1.53655886  

P(T<=t) one-tail 0.077707847  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.155415694  

t Critical two-tail 2.228138842   

Table 4.238 Comparing interhemispheric differences in silent period duration in 

unilateral UL burn patients with uninjured subjects. 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

burn Uninjured 

Mean 16.1999975 

-

2.653119917 

Variance 888.3110393 1388.447819 

Observations 2 12 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.796789577  

P(T<=t) one-tail 0.254566549  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.509133099  

t Critical two-tail 4.30265273   

Table 4.239 Comparing interhemispheric differences in silent period duration in 

bilateral UL burn patients with uninjured subjects. 
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4.6.7 Latency 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Uninjured 

side Burn arm 

Mean 21.52625075 21.61250138 

Variance 5.092422698 6.570098896 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 

-

0.050512169  

P(T<=t) one-tail 0.480676923  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.961353847  

t Critical two-tail 2.446911846   

 

Table 4.240 Comparing latency duration in burn arm with uninjured side in 

unilateral UL burn patients. 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less injured 

side Burn arm 

Mean 23.15625075 20.8375025 

Variance 3.678832194 3.187809975 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 1.251400687  

P(T<=t) one-tail 0.168658754  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.337317508  

t Critical two-tail 4.30265273   

 

Table 4.241 Comparing latency duration in burn arm with less injured side in 

bilateral UL burn patients. 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn; burn 

arm 

Bilateral UL 

burn;burn 

arm 

Mean 21.61250138 20.8375025 

Variance 6.570098896 3.187809975 

Observations 4 2 
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Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.43079235  

P(T<=t) one-tail 0.34784777  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.69569554  

t Critical two-tail 3.182446305   

 

Table 4.242 Comparing latency duration in burn arm in unilateral UL burn patients 

with bilateral UL burn patients.  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn  

Bilateral UL 

burn 

Mean 

-

0.086250625 2.31874825 

Variance 0.369650996 0.017578594 

Observations 4 2 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

7.559972772  

P(T<=t) one-tail 0.000820364  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.001640728  

t Critical two-tail 2.776445105   

 

Table 4.243 Comparing interhemispheric differences in latency duration between 

unilateral UL burn patients bilateral UL burn patients. 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn;burn 

arm Uninjured 

Mean 21.61250138 22.16250133 

Variance 6.570098896 3.028967113 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.413553479  

P(T<=t) one-tail 0.353493183  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.706986366  



 104 

t Critical two-tail 3.182446305   

Table 4.244 Comparing latency duration in burn arm in unilateral UL burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

burn;burn 

arm  Uninjured 

Mean 20.8375025 22.16250133 

Variance 3.187809975 3.028967113 

Observations 2 24 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

1.010269261  

P(T<=t) one-tail 0.248373959  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.496747919  

t Critical two-tail 12.70620473   

Table 4.245 Comparing latency duration in burn arm in bilateral UL burn patients 

with uninjured subjects. 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Unilateral UL 

burn  Uninjured 

Mean 

-

0.086250625 

-

0.012500333 

Variance 0.369650996 0.663693109 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 

-

0.191886025  

P(T<=t) one-tail 0.426639573  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.853279147  

t Critical two-tail 2.364624251   

Table 4.246 Comparing interhemispheric differences in latency duration between 

unilateral UL burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Bilateral UL 

burn Uninjured 

Mean 2.31874825 -
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0.012500333 

Variance 0.017578594 0.663693109 

Observations 2 12 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 9.208089758  

P(T<=t) one-tail 4.33371E-07  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 8.66741E-07  

t Critical two-tail 2.178812827   

Table 4.247 Comparing interhemispheric differences in latency duration between 

bilateral UL burn patients with uninjured subjects. 

4.7 Multiple burn location (“multiple”) vs upper limb burn only 
(“upper”)  

4.7.1 Optimal site location 

4.7.1.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 5.752857143 5.278571429 

Variance 1.82452381 1.045047619 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.740765153  

P(T<=t) one-tail 0.237176067  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.474352134  

t Critical two-tail 2.200985159   

Table 4.248 Comparing burn arm x coordinate with less/uninjured side in 

“multiple” burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 5.256666667 5.146666667 

Variance 0.449226667 0.355026667 

Observations 6 6 

Hypothesized Mean 

Difference 0  
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df 10  

t Stat 0.30044977  

P(T<=t) one-tail 0.384993722  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.769987444  

t Critical two-tail 2.228138842   

Table 4.249 Comparing x coordinate in burn arm with less/uninjured side in “upper 

limb only” burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple 

burn; burn 

arm 

Upper limb 

only; burn 

arm 

Mean 5.278571429 5.146666667 

Variance 1.045047619 0.355026667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.288898528  

P(T<=t) one-tail 0.389279655  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.778559311  

t Critical two-tail 2.228138842   

Table 4.250 Comparing x coordinate in burn arm between “multiple burn” patients 

with “upper limb only” burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Multiple burn 

Upper 

limb 

only 

Mean 0.474285714 0.11 

Variance 0.619928571 0.46704 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.893025544  

P(T<=t) one-tail 0.195481082  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.390962164  

t Critical two-tail 2.200985159   

Table 4.251 Comparing interhemispheric differences in x coordinate between 

“multiple burn” patients with “upper limb only” burn patients  

t-Test: Two-Sample Assuming Unequal Variances 
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Multiple 

burn;burn 

arm Uninjured 

Mean 5.278571429 5.897083333 

Variance 1.045047619 0.725604167 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 9  

t Stat -1.45976974  

P(T<=t) one-tail 0.089179564  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.178359127  

t Critical two-tail 2.262157158   

Table 4.252 Comparing x coordinate in burn arm of “multiple burn” patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper limb 

only Uninjured 

Mean 5.146666667 5.897083333 

Variance 0.355026667 0.725604167 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

2.509703955  

P(T<=t) one-tail 0.014500861  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.029001721  

t Critical two-tail 2.200985159   

Table 4.253 Comparing x coordinate in burn arm of “upper limb only” burn 

patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Multiple burn Uninjured 

Mean 0.474285714 0.235833333 

Variance 0.619928571 1.544553788 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 0.511561372  

P(T<=t) one-tail 0.307769262  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.615538524  



 108 

t Critical two-tail 2.109815559   

Table 4.254 Comparing interhemispheric differences in x coordinate in “multiple 

burn” patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper limb 

only Uninjured 

Mean 0.11 0.235833333 

Variance 0.46704 1.544553788 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 

-

0.276872704  

P(T<=t) one-tail 0.392711423  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.785422846  

t Critical two-tail 2.119905285   

Table 4.255 Comparing interhemispheric differences in x coordinate between 

“upper limb only” burn patients with uninjured subjects 

 

4.7.1.2 Y Coordinate  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 0.937142857 1.351428571 

Variance 0.78012381 1.032614286 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 12  

t Stat -0.814106921  

P(T<=t) one-tail 0.215721345  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.43144269  

t Critical two-tail 2.178812827   

Table 4.256 Comparing burn arm y coordinate with less/uninjured side in “multiple 

burn” patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side  Burn arm 
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Mean 1.005 0.338333333 

Variance 1.75319 0.951936667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 0.992865827  

P(T<=t) one-tail 0.17335869  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.34671738  

t Critical two-tail 2.262157158   

Table 4.257 Comparing burn arm y coordinate with less/uninjured side in “upper 

limb only” burn patients  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple 

burn;burn 

arm 

Upper limb 

only; burn 

arm 

Mean 1.351428571 0.338333333 

Variance 1.032614286 0.951936667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 1.830910975  

P(T<=t) one-tail 0.047155935  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.09431187  

t Critical two-tail 2.200985159   

Table 4.258 Comparing y coordinate in burn arm between “multiple burn” patients 

and “upper limb only” burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Multiple burn 

Upper limb 

only 

Mean 

-

0.414285714 0.666666667 

Variance 1.107395238 1.526546667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

1.682788146  

P(T<=t) one-tail 0.061663207  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.123326414  



 110 

t Critical two-tail 2.228138842   

Table 4.259 Comparing interhemispheric differences in y coordinate between 

“multiple burn” patients and “upper limb only” burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple 

burn; burn 

arm Uninjured 

Mean 1.351428571 0.995833333 

Variance 1.032614286 1.201207971 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.800016804  

P(T<=t) one-tail 0.221145561  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.442291123  

t Critical two-tail 2.228138842   

Table 4.260 Comparing y coordinate in burn arm of “multiple burn” patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper limb 

only; burn 

arm Uninjured 

Mean 0.338333333 0.995833333 

Variance 0.951936667 1.201207971 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 

-

1.439222131  

P(T<=t) one-tail 0.094020787  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.188041573  

t Critical two-tail 2.306004133   

Table 4.261 Comparing y coordinate in burn arm of “upper limb only” patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Multiple burn Uninjured 

Mean 

-

0.414285714 0.4 

Variance 1.107395238 1.2466 
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Observations 7 12 

Hypothesized Mean 

Difference 0  

df 13  

t Stat 

-

1.590587911  

P(T<=t) one-tail 0.067858373  

t Critical one-tail 1.770933383  

P(T<=t) two-tail 0.135716747  

t Critical two-tail 2.160368652   

Table 4.262 Comparing interhemispheric differences in y coordinate between 

“multiple burn” patients and uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper limb 

only Uninjured 

Mean 0.666666667 0.4 

Variance 1.526546667 1.2466 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 0.445492723  

P(T<=t) one-tail 0.333243345  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.666486691  

t Critical two-tail 2.262157158   

Table 4.263 Comparing interhemispheric differences in y coordinate between 

“upper limb only” burn patients and uninjured subjects 

4.7.2 Centre of Gravity Location 

4.7.2.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 5.917142857 5.394285714 

Variance 1.503290476 0.626395238 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.947925719  

P(T<=t) one-tail 0.182755688  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.365511375  
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t Critical two-tail 2.228138842   

Table 4.264 Comparing burn arm x coordinate with less/uninjured side in “multiple 

burn” patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side 

Burn 

arm 

Mean 5.251666667 5.175 

Variance 0.029616667 0.26531 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.345800156  

P(T<=t) one-tail 0.370647539  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.741295078  

t Critical two-tail 2.446911846   

Table 4.265 Comparing burn arm x coordinate with less/uninjured side in “upper 

limb only” burn patients  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple 

burn;burn 

arm  

Upper 

limb 

only; 

burn 

arm 

Mean 5.394285714 5.175 

Variance 0.626395238 0.26531 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.599707068  

P(T<=t) one-tail 0.281021434  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.562042867  

t Critical two-tail 2.228138842   

Table 4.266 Comparing x coordinate in burn arm of “multiple burn” patients with 

“upper limb only” burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Multiple burn 

Upper limb 

only 

Mean 0.522857143 0.076666667 
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Variance 0.836390476 0.197826667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 1.142743601  

P(T<=t) one-tail 0.141316217  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.282632434  

t Critical two-tail 2.262157158   

Table 4.267 Comparing interhemispheric differences in x coordinate between 

“multiple burn” patients with “upper limb only” burn patients  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple 

burn;burn 

arm Uninjured 

Mean 5.394285714 5.905833333 

Variance 0.626395238 0.498051449 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 

-

1.540713985  

P(T<=t) one-tail 0.078887222  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.157774445  

t Critical two-tail 2.262157158   

Table 4.268 Comparing x coordinate in burn arm of “multiple burn” patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper limb 

only;burn 

arm Uninjured 

Mean 5.175 5.905833333 

Variance 0.26531 0.498051449 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

2.867215393  

P(T<=t) one-tail 0.00837424  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.01674848  
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t Critical two-tail 2.228138842   

Table 4.269 Comparing x coordinate in burn arm of “upper limb only” burn 

patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Multiple burn Uninjured 

Mean 0.522857143 0.223333333 

Variance 0.836390476 1.063460606 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 0.656582005  

P(T<=t) one-tail 0.261048269  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.522096538  

t Critical two-tail 2.144786681   

Table 4.270 Comparing interhemispheric differences in x coordinate between 

“multiple burn” patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper limb 

only Uninjured 

Mean 0.076666667 0.223333333 

Variance 0.197826667 1.063460606 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 

-

0.420607916  

P(T<=t) one-tail 0.339818167  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.679636334  

t Critical two-tail 2.119905285   

Table 4.271 Comparing interhemispheric differences in x coordinate between upper 

limb only burn patients with uninjured subjects 

4.7.2.2 Y Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less 

injured/uninjured Burn side 

Mean 1.007142857 1.148571429 

Variance 0.81272381 1.056180952 

Observations 7 7 
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Hypothesized Mean 

Difference 0  

df 12  

t Stat -0.273711213  

P(T<=t) one-tail 0.394480404  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.788960809  

t Critical two-tail 2.178812827   

Table 4.272 Comparing burn arm y coordinate with less/uninjured side in “multiple 

burn” patients  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 0.845 0.306666667 

Variance 1.50655 1.019746667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.829630524  

P(T<=t) one-tail 0.213054348  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.426108695  

t Critical two-tail 2.228138842   

Table 4.273 Comparing burn arm y coordinate with less/uninjured side in “upper 

limb only” patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple 

burn;burn 

arm 

Upper limb 

only;burn 

arm 

Mean 1.148571429 0.306666667 

Variance 1.056180952 1.019746667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 1.486340085  

P(T<=t) one-tail 0.082639321  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.165278642  

t Critical two-tail 2.200985159   

Table 4.274 Comparing y coordinate in burn arm in “multiple burn” patients with 

“upper limb only” burn patients  

t-Test: Two-Sample Assuming Unequal Variances 
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  Multiple burn 

Upper limb 

only 

Mean 

-

0.141428571 0.538333333 

Variance 1.170647619 1.222536667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

1.116027384  

P(T<=t) one-tail 0.144098331  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.288196663  

t Critical two-tail 2.200985159   

Table 4.275 Comparing interhemispheric differences in y coordinate between 

“multiple burn” patients with “upper limb only” burn patients  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple 

burn;burn 

arm Uninjured 

Mean 1.148571429 0.8725 

Variance 1.056180952 1.077784783 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.623915021  

P(T<=t) one-tail 0.273325765  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.546651531  

t Critical two-tail 2.228138842   

Table 4.276 Comparing burn arm y coordinate in “multiple burn” patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper 

limb;burn 

arm Uninjured 

Mean 0.306666667 0.8725 

Variance 1.019746667 1.077784783 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 8  
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t Stat 

-

1.220689495  

P(T<=t) one-tail 0.12847947  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.25695894  

t Critical two-tail 2.306004133   

Table 4.277 Comparing burn arm y coordinate in “upper limb only” burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Multiple burn Uninjured 

Mean 

-

0.141428571 0.628333333 

Variance 1.170647619 0.683433333 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

1.625736236  

P(T<=t) one-tail 0.067533243  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.135066486  

t Critical two-tail 2.228138842   

Table 4.278 Comparing interhemispheric differences in y coordinate in “multiple 

burn” patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper limb 

only Uninjured 

Mean 0.538333333 0.628333333 

Variance 1.222536667 0.683433333 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 

-

0.176264393  

P(T<=t) one-tail 0.432233273  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.864466547  

t Critical two-tail 2.306004133   

Table 4.279 Comparing interhemispheric differences in y coordinate in “upper limb 

only” burn patients with uninjured subjects 
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4.7.3 TMS Map Area 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 23.41142857 22.22857143 

Variance 7.381014286 16.62644762 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.638716584  

P(T<=t) one-tail 0.268680361  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.537360722  

t Critical two-tail 2.228138842   

 

Table 4.280 Comparing map area in burn arm with less/uninjured side in “multiple 

burn” patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 26.66333333 21.02166667 

Variance 39.65766667 20.94761667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 1.775120359  

P(T<=t) one-tail 0.054808687  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.109617374  

t Critical two-tail 2.262157158   

 

Table 4.281 Comparing map area in burn arm with less/uninjured side in “upper 

limb only” burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple 

burn;burn 

arm  

Upper limb 

only; burn 

arm 

Mean 22.22857143 21.02166667 

Variance 16.62644762 20.94761667 

Observations 7 6 

Hypothesized Mean 

Difference 0  
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df 10  

t Stat 0.498292491  

P(T<=t) one-tail 0.314527101  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.629054202  

t Critical two-tail 2.228138842   

 

Table 4.282 Comparing map area in burn arm of “multiple burn” patients with 

“upper limb only” burn patients  

 

• Comparing interhemispheric differences in map area between “multiple burn” 

patients with “upper limb only” burn patients  

Wilcoxon rank sum test 

 

data:  multiburnmapdiffs and upperlimbonlyburnmapdiffs  

W = 14, p-value = 0.366 

alternative hypothesis: true location shift is not equal to 0 

• Comparing map area in burn arm of “multiple burn” patients with uninjured 

subjects 

Wilcoxon rank sum test with continuity correction 

 

data:  multiburnmap and uninjuredmapall  

W = 69, p-value = 0.4119 

alternative hypothesis: true location shift is not equal to 0 

• Comparing map area in burn arm of “upper limb only” burn patients with 

uninjured subjects 

Wilcoxon rank sum test with continuity correction 

 

data:  upperlimbburnmap and uninjuredmapall  

W = 47, p-value = 0.1691 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differences in map area in “multiple burn” patients 

with uninjured subjects 

Wilcoxon rank sum test 

 

data:  multiburnmapdiffs and uninjuredmapdiff  

W = 52, p-value = 0.432 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differences in map area in “upper limb only” burn 

patients with uninjured subjects 

Wilcoxon rank sum test 

 

data:  upperlimbonlyburnmapdiffs and uninjuredmapdiff  

W = 53, p-value = 0.1246 

alternative hypothesis: true location shift is not equal to 0 
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4.7.4 Average MEP Amplitude 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 4.640007093 3.538616729 

Variance 8.026531654 5.660997474 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 0.787640002  

P(T<=t) one-tail 0.223093302  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.446186603  

t Critical two-tail 2.178812827   

Table 4.283 Comparing MEP amplitude in burn arm with less/uninjured side in 

“multiple burn” patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 6.0704543 6.207593242 

Variance 3.309381948 2.427042789 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat -0.140254166  

P(T<=t) one-tail 0.445621991  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.891243983  

t Critical two-tail 2.228138842   

Table 4.284 Comparing MEP amplitude in burn arm with less/uninjured side in 

“upper limb only” patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple 

burn;burn 

arm 

Upper limb 

only;burn 

arm 

Mean 3.538616729 6.207593242 

Variance 5.660997474 2.427042789 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat -2.42311922  
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P(T<=t) one-tail 0.017934895  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.03586979  

t Critical two-tail 2.228138842   

Table 4.285 Comparing MEP amplitude in burn arm in “multiple burn” patients 

with “upper limb only” burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Multiple burn 

Upper limb 

only 

Mean 1.101390364 

-

0.137138942 

Variance 3.667797557 3.383119561 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 1.187481634  

P(T<=t) one-tail 0.13002373  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.26004746  

t Critical two-tail 2.200985159   

Table 4.286 Comparing interhemispheric differences in MEP amplitude in 

“multiple burn” patients with “upper limb only” burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple 

burn;burn 

arm Uninjured 

Mean 3.538616729 5.617268883 

Variance 5.660997474 5.621772764 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

2.035397082  

P(T<=t) one-tail 0.034588875  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.06917775  

t Critical two-tail 2.228138842   

Table 4.287 Comparing MEP amplitude in burn arm in “multiple burn” patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Upper limb Uninjured 
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only;burn 

arm  

Mean 6.207593242 5.617268883 

Variance 2.427042789 5.621772764 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 0.738628468  

P(T<=t) one-tail 0.237166037  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.474332073  

t Critical two-tail 2.178812827   

Table 4.288 Comparing MEP amplitude in burn arm in “upper limb only” burn 

patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Multiple burn Uninjured 

Mean 1.101390364 -0.50891234 

Variance 3.667797557 9.856971359 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 1.388302717  

P(T<=t) one-tail 0.091485077  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.182970155  

t Critical two-tail 2.109815559   

Table 4.289 Comparing interhemispheric differences in MEP amplitude in 

“multiple burn” patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper limb 

only  Uninjured 

Mean 1.101390364 

-

0.137138942 

Variance 3.667797557 3.383119561 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 1.187481634  

P(T<=t) one-tail 0.13002373  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.26004746  

t Critical two-tail 2.200985159   
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Table 4.290 Comparing interhemispheric differences in MEP amplitude in “upper 

limb only” burn patients with uninjured subjects 

4.7.5 Threshold  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 54.42857143 62.57142857 

Variance 327.6190476 326.2857143 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 12  

t Stat -0.842497432  

P(T<=t) one-tail 0.207992907  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.415985814  

t Critical two-tail 2.178812827   

Table 4.291 Comparing threshold to stimulation in burn arm with less/uninjured 

side in “multiple burn” patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side 

Burn 

arm 

Mean 55.5 46.5 

Variance 27.5 108.7 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 1.888989661  

P(T<=t) one-tail 0.050412497  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.100824994  

t Critical two-tail 2.364624251   

Table 4.292 Comparing threshold to stimulation in burn arm with less/uninjured 

side in “upper limb only” burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple 

burn; burn 

arm 

Upper 

limb 

only;burn 

arm 

Mean 62.57142857 46.5 

Variance 326.2857143 108.7 
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Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 1.997585286  

P(T<=t) one-tail 0.036841947  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.073683894  

t Critical two-tail 2.228138842   

Table 4.293 Comparing threshold to stimulation in burn arm in “multiple burn” 

patients with “upper limb only” burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Multiple burn 

Upper 

limb 

only 

Mean 

-

8.142857143 9 

Variance 47.47619048 30.4 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

4.980153516  

P(T<=t) one-tail 0.000207669  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.000415339  

t Critical two-tail 2.200985159   

Table 4.294 Comparing interhemispheric differences in threshold to stimulation in 

“multiple burn” patients with “upper limb only” burn patients 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple 

burn;burn 

arm Uninjured 

Mean 62.57142857 49.70833333 

Variance 326.2857143 108.2155797 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 1.799056692  

P(T<=t) one-tail 0.057521583  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.115043167  
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t Critical two-tail 2.364624251   

Table 4.295 Comparing threshold to stimulation in burn arm in “multiple burn” 

patients with uninjured subjects 

  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper limb 

burn;burn 

arm Uninjured 

Mean 46.5 49.70833333 

Variance 108.7 108.2155797 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 

-

0.674495349  

P(T<=t) one-tail 0.259504289  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.519008577  

t Critical two-tail 2.306004133   

Table 4.296 Comparing threshold to stimulation in burn arm in “upper limb only” 

burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Multiple burn  Uninjured 

Mean 

-

8.142857143 

-

0.083333333 

Variance 47.47619048 24.62878788 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

2.711522337  

P(T<=t) one-tail 0.010938185  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.02187637  

t Critical two-tail 2.228138842   

Table 4.297 Comparing interhemispheric differences in threshold to stimulation in 

“multiple burn” patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper limb 

only  Uninjured 

Mean 9 -
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0.083333333 

Variance 30.4 24.62878788 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 3.404346468  

P(T<=t) one-tail 0.003909653  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.007819306  

t Critical two-tail 2.262157158   

Table 4.298 Comparing interhemispheric differences in threshold to stimulation in 

“upper limb only” burn patients with uninjured subjects 

4.7.6 Silent Period 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side  Burn arm 

Mean 126.925005 144.2285766 

Variance 1152.779994 2540.974406 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 11  

t Stat -0.753270164  

P(T<=t) one-tail 0.233552066  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.467104132  

t Critical two-tail 2.200985159   

Table 4.299 Comparing silent period duration in burn arm with less/uninjured side 

in “multiple burn” patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 139.2245858 120.3750013 

Variance 183.7522626 529.4191776 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 1.728942043  

P(T<=t) one-tail 0.061038904  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.122077807  

t Critical two-tail 2.306004133   
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Table 4.300 Comparing silent period duration in burn arm with less/uninjured side 

in “upper limb only” burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple 

burn; burn 

arm 

Upper limb 

only; burn 

arm 

Mean 144.2285766 120.3750013 

Variance 2540.974406 529.4191776 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 1.122931115  

P(T<=t) one-tail 0.145264051  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.290528102  

t Critical two-tail 2.262157158   

Table 4.301 Comparing silent period duration in burn arm of “multiple burn” 

patients with “upper limb only” patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Multiple burn 

Upper limb 

only 

Mean 

-

17.30357157 18.8495845 

Variance 1130.347075 433.8842085 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

2.364455898  

P(T<=t) one-tail 0.019825317  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.039650633  

t Critical two-tail 2.228138842   

Table 4.302 Comparing interhemispheric differences in silent period duration 

between “multiple burn” patients and “upper limb only” burn patients  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple 

burn;burn 

arm Uninjured 

Mean 144.2285766 148.875525 

Variance 2540.974406 1053.991171 

Observations 7 24 
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Hypothesized Mean 

Difference 0  

df 8  

t Stat 

-

0.230365408  

P(T<=t) one-tail 0.411794712  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.823589424  

t Critical two-tail 2.306004133   

Table 4.303 Comparing silent period duration in burn arm in “multiple burn” 

patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper limb 

only;burn 

arm Uninjured 

Mean 120.3750013 148.875525 

Variance 529.4191776 1053.991171 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

2.479217388  

P(T<=t) one-tail 0.01530812  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.030616241  

t Critical two-tail 2.200985159   

Table 4.304 Comparing silent period duration in burn arm in “upper limb only” 

burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Multiple burn Uninjured 

Mean 

-

17.30357157 

-

2.653119917 

Variance 1130.347075 1388.447819 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 

-

0.879971067  

P(T<=t) one-tail 0.196864879  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.393729758  

t Critical two-tail 2.144786681   
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Table 4.305 Comparing interhemispheric differences in silent period duration in 

“multiple burn” patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper limb 

only Uninjured 

Mean 18.8495845 

-

2.653119917 

Variance 433.8842085 1388.447819 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 1.568170746  

P(T<=t) one-tail 0.06820194  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.13640388  

t Critical two-tail 2.119905285   

Table 4.306 Comparing interhemispheric differences in silent period duration in 

“upper limb only” patients with uninjured subjects 

4.7.7 Latency 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side  Burn arm 

Mean 23.05714357 22.11071529 

Variance 1.982649206 1.601636246 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 1.322621069  

P(T<=t) one-tail 0.10530719  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.21061438  

t Critical two-tail 2.178812827   

Table 4.307 Comparing latency duration in burn arm with less/uninjured side in 

“multiple burn” patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Less/uninjured  Burn arm 

Mean 22.06958408 21.35416842 

Variance 4.499726724 4.739787534 

Observations 6 6 

Hypothesized Mean 0  
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Difference 

df 10  

t Stat 0.576513527  

P(T<=t) one-tail 0.288506788  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.577013575  

t Critical two-tail 2.228138842   

Table 4.308 Comparing latency duration in burn arm with less/uninjured side in 

“upper limb only” burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Multiple 

burn;burn 

arm  

Upper limb 

only; burn 

arm 

Mean 22.11071529 21.35416842 

Variance 1.601636246 4.739787534 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 0.749545177  

P(T<=t) one-tail 0.23749516  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.47499032  

t Critical two-tail 2.306004133   

Table 4.309 Comparing latency duration in burn arm in “multiple burn” patients 

with “upper limb only” burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Multiple Burn 

Upper limb 

only 

Mean 0.946428286 0.715415667 

Variance 2.720713517 1.76771154 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.279468299  

P(T<=t) one-tail 0.392535162  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.785070324  

t Critical two-tail 2.200985159   

Table 4.310 Comparing interhemispheric differences in latency duration in 

“multiple burn” patients with “upper limb only” burn patients  

t-Test: Two-Sample Assuming Unequal Variances 
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Multiple 

burn;burn 

arm  Uninjured 

Mean 22.11071529 22.16250133 

Variance 1.601636246 3.028967113 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 13  

t Stat 

-

0.086914285  

P(T<=t) one-tail 0.466032063  

t Critical one-tail 1.770933383  

P(T<=t) two-tail 0.932064126  

t Critical two-tail 2.160368652   

Table 4.311 Comparing latency duration in burn arm in “multiple burn” patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper limb 

only;burn 

arm Uninjured 

Mean 21.35416842 22.16250133 

Variance 4.739787534 3.028967113 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 

-

0.844504296  

P(T<=t) one-tail 0.213152436  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.426304871  

t Critical two-tail 2.364624251   

Table 4.312 Comparing latency duration in burn arm in “upper limb only” patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Multiple burn Uninjured 

Mean 0.946428286 

-

0.012500333 

Variance 2.720713517 0.663693109 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 1.439143265  

P(T<=t) one-tail 0.094031608  
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t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.188063216  

t Critical two-tail 2.306004133   

Table 4.313 Comparing interhemispheric differences in latency duration in 

“multiple burn” patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Upper limb 

only  Uninjured 

Mean 0.715415667 

-

0.012500333 

Variance 1.76771154 0.663693109 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 1.230532087  

P(T<=t) one-tail 0.129119975  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.258239949  

t Critical two-tail 2.364624251   

Table 4.314 Comparing interhemispheric differences in latency duration in “upper 

limb only” burn patients with uninjured subjects 

4.8 Full thickness vs partial thickness burns.  

 

4.8.1 Optimal site location 

4.8.1.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side 

Burn 

arm 

Mean 5.2875 4.89 

Variance 2.688091667 0.6246 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 0.436793957  

P(T<=t) one-tail 0.34240264  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.68480528  

t Critical two-tail 2.776445105   
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Table 4.315 Comparing x coordinate in burn arm with less/uninjured side in full 

thickness burn patients 

 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 5.628888889 5.363333333 

Variance 0.700211111 0.700925 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 0.673033192  

P(T<=t) one-tail 0.255265544  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.510531087  

t Critical two-tail 2.119905285   

Table 4.316 Comparing x coordinate in burn arm with less/uninjured side in partial 

thickness burn patients 

 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness;burn 

arm  

Partial 

thickness;burn 

arm 

Mean 4.89 5.363333333 

Variance 0.6246 0.700925 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 6  

t Stat -0.97843236  

P(T<=t) one-tail 0.182823496  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.365646992  

t Critical two-tail 2.446911846   

Table 4.317 Comparing x coordinate in burn arm in full thickness burn patients 

with partial thickness burn patients  

 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness  

Partial 

thickness 

Mean 0.3975 0.265555556 
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Variance 1.228158333 0.343852778 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 0.224557275  

P(T<=t) one-tail 0.416664118  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.833328236  

t Critical two-tail 2.776445105   

Table 4.318 Comparing interhemispheric differences in x coordinate in full 

thickness burn patients with partial thickness burn patients  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness 

burn arm Uninjured 

Mean 4.89 5.897083333 

Variance 0.6246 0.725604167 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

2.332714931  

P(T<=t) one-tail 0.040006905  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.08001381  

t Critical two-tail 2.776445105   

Table 4.319 Comparing x coordinate in burn arm in full thickness burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Partial 

thickness; 

burn arm Uninjured  

Mean 5.363333333 5.897083333 

Variance 0.700925 0.725604167 

Observations 9 24 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 

-

1.623292547  

P(T<=t) one-tail 0.062675385  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.12535077  
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t Critical two-tail 2.131449536   

Table 4.320 Comparing x coordinate in partial thickness burn patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness Uninjured 

Mean 0.3975 0.235833333 

Variance 1.228158333 1.544553788 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.244906657  

P(T<=t) one-tail 0.407344817  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.814689634  

t Critical two-tail 2.446911846   

Table 4.321 Comparing interhemispheric differences in x coordinate in full 

thickness burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Partial 

thickness Uninjured 

Mean 0.265555556 0.235833333 

Variance 0.343852778 1.544553788 

Observations 9 12 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 0.072749298  

P(T<=t) one-tail 0.471427356  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.942854712  

t Critical two-tail 2.109815559   

Table 4.322 Comparing interhemispheric differences in x coordinate in partial 

thickness burn patients with uninjured subjects 

4.8.1.2 Y Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm  

Mean 0.575 1.0175 

Variance 2.144966667 3.414025 
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Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat -0.375357639  

P(T<=t) one-tail 0.360153034  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.720306068  

t Critical two-tail 2.446911846   

Table 4.323 Comparing y coordinate in burn arm with less/uninjured side in full 

thickness burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 1.143333333 0.824444444 

Variance 0.766525 0.490752778 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 0.853188557  

P(T<=t) one-tail 0.203486492  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.406972985  

t Critical two-tail 2.131449536   

Table 4.324 Comparing y coordinate in burn arm with less/uninjured side in partial 

thickness burns patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness;burn 

arm 

Partial 

thickness;burn 

arm 

Mean 1.0175 0.824444444 

Variance 3.414025 0.490752778 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.202596141  

P(T<=t) one-tail 0.426206211  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.852412422  

t Critical two-tail 3.182446305   

Table 4.325 Comparing y coordinate in burn arm in full thickness burn patients 

with partial thickness burn patients 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness 

Partial 

thickness 

Mean -0.4425 0.318888889 

Variance 1.916958333 1.336986111 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

0.960944033  

P(T<=t) one-tail 0.190356776  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.380713551  

t Critical two-tail 2.570581835   

Table 4.326 Comparing interhemispheric differences in y coordinate in full 

thickness burn patients with partial thickness burn partients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness; 

burn arm Uninjured 

Mean 1.0175 0.995833333 

Variance 3.414025 1.201207971 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.022793679  

P(T<=t) one-tail 0.491623091  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.983246183  

t Critical two-tail 3.182446305   

Table 4.327 Comparing y coordinate in burn arm in full thickness burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Partial 

thickness;burn 

arm Uninjured 

Mean 0.824444444 0.995833333 

Variance 0.490752778 1.201207971 

Observations 9 24 

Hypothesized Mean 

Difference 0  

df 23  
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t Stat -0.529982621  

P(T<=t) one-tail 0.300601711  

t Critical one-tail 1.713871517  

P(T<=t) two-tail 0.601203422  

t Critical two-tail 2.068657599   

Table 4.328 Comparing y coordinate in burn arm in partial thickness burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness  Uninjured 

Mean -0.4425 0.4 

Variance 1.916958333 1.2466 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

1.103290439  

P(T<=t) one-tail 0.165905635  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.331811271  

t Critical two-tail 2.776445105   

Table 4.329 Comparing interhemispheric differences in y coordinate in full 

thickness burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Partial 

thickness  Uninjured 

Mean 0.318888889 0.4 

Variance 1.336986111 1.2466 

Observations 9 12 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 

-

0.161437175  

P(T<=t) one-tail 0.436826085  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.873652171  

t Critical two-tail 2.109815559   

Table 4.330 Comparing interhemispheric differences in y coordinate in partial 

thickness burn patients with uninjured subjects 
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4.8.2 Centre of Gravity 

4.8.2.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side  Burn arm 

Mean 5.6075 5.0075 

Variance 2.640891667 0.393425 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 0.68889145  

P(T<=t) one-tail 0.264384066  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.528768132  

t Critical two-tail 2.776445105   

Table 4.331 Comparing x coordinate in burn arm with less/uninjured side in full 

thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side  

Burn 

arm 

Mean 5.611111111 5.42 

Variance 0.334486111 0.4486 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 0.647891723  

P(T<=t) one-tail 0.263121858  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.526243715  

t Critical two-tail 2.119905285   

Table 4.332 Comparing x coordinate in burn arm with less/uninjured side in partial 

thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness;burn 

arm 

Partial 

thickness; 

burn arm 

Mean 5.0075 5.42 

Variance 0.393425 0.4486 

Observations 4 9 

Hypothesized Mean 0  
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Difference 

df 6  

t Stat -1.071516427  

P(T<=t) one-tail 0.162566826  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.325133653  

t Critical two-tail 2.446911846   

Table 4.333 Comparing x coordinate in burn arm in full thickness burn patients 

with partial thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness  

Partial 

thickness 

Mean 0.6 0.191111111 

Variance 1.665133333 0.149036111 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.621498607  

P(T<=t) one-tail 0.289149848  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.578299697  

t Critical two-tail 3.182446305   

Table 4.334 Comparing interhemispheric differences in x coordinate between full 

thickness burn patients and partial thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness;burn 

arm Uninjured 

Mean 5.0075 5.905833333 

Variance 0.393425 0.498051449 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 4  

t Stat -2.602953027  

P(T<=t) one-tail 0.029930924  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.059861849  

t Critical two-tail 2.776445105   

Table 4.335 Comparing x coordinate in burn arm in full thickness burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 
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Partial 

thickness;burn 

arm Uninjured 

Mean 5.42 5.905833333 

Variance 0.4486 0.498051449 

Observations 9 24 

Hypothesized Mean 

Difference 0  

df 15  

t Stat -1.828502053  

P(T<=t) one-tail 0.043713794  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.087427588  

t Critical two-tail 2.131449536   

Table 4.336 Comparing x coordinate in burn arm in partial thickness burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness Uninjured 

Mean 0.6 0.223333333 

Variance 1.665133333 1.063460606 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 0.53009332  

P(T<=t) one-tail 0.312053875  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.62410775  

t Critical two-tail 2.776445105   

Table 4.337 Comparing the interhemispheric differences in x coordinate between 

full thickness burn patients and uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Partial 

thickness Uninjured 

Mean 0.191111111 0.223333333 

Variance 0.149036111 1.063460606 

Observations 9 12 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 

-

0.099354205  

P(T<=t) one-tail 0.461086351  
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t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.922172702  

t Critical two-tail 2.131449536   

Table 4.338 Comparing the interhemispheric differences in x coordinate between 

partial thickness burn patients and uninjured subjects 

4.8.2.2 Y Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 0.3375 0.67 

Variance 2.266691667 3.477933333 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat -0.277453881  

P(T<=t) one-tail 0.395371742  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.790743484  

t Critical two-tail 2.446911846   

Table 4.339 Comparing y coordinate in burn arm with less/uninjured side in full 

thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side 

Partial 

thickness 

burn 

Mean 1.196666667 0.8 

Variance 0.456225 0.40565 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 1.281813436  

P(T<=t) one-tail 0.109085977  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.218171953  

t Critical two-tail 2.119905285   

Table 4.340 Comparing y coordinate in burn arm with less/uninjured side in partial 

thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Full Partial 
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thickness;burn 

arm  

thickness;burn 

arm 

Mean 0.67 0.8 

Variance 3.477933333 0.40565 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 3  

t Stat -0.135937196  

P(T<=t) one-tail 0.450239974  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.900479947  

t Critical two-tail 3.182446305   

Table 4.341 Comparing y coordinate in burn arm with full thickness burn patients 

with partial thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness  

Partial 

thickness 

Mean -0.3325 0.396666667 

Variance 1.882091667 0.93885 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

0.961730688  

P(T<=t) one-tail 0.19532343  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.390646861  

t Critical two-tail 2.776445105   

Table 4.342 Comparing interhemispheric differences in y coordinate in full 

thickness burn patients with partial thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness;burn 

arm Uninjured 

Mean 0.67 0.8725 

Variance 3.477933333 1.077784783 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 3  

t Stat -0.211767373  

P(T<=t) one-tail 0.422929746  

t Critical one-tail 2.353363435  
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P(T<=t) two-tail 0.845859491  

t Critical two-tail 3.182446305   

Table 4.343 Comparing y coordinate in burn arm in full thickness burn patients 

with uninjured subjects 

  
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Partial 

thickness;burn 

arm  Uninjured 

Mean 0.8 0.8725 

Variance 0.40565 1.077784783 

Observations 9 24 

Hypothesized Mean 

Difference 0  

df 24  

t Stat -0.241693628  

P(T<=t) one-tail 0.405535371  

t Critical one-tail 1.710882067  

P(T<=t) two-tail 0.811070741  

t Critical two-tail 2.063898547   

Table 4.344 Comparing y coordinate in burn arm in partial thickness burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness  Uninjured 

Mean -0.3325 0.628333333 

Variance 1.882091667 0.683433333 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 4  

t Stat -1.32296037  

P(T<=t) one-tail 0.12820466  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.256409321  

t Critical two-tail 2.776445105   

Table 4.345 Comparing interhemispheric differences in y coordinate between full 

thickness burn patients and uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Partial 

thickness Uninjured 

Mean 0.396666667 0.628333333 

Variance 0.93885 0.683433333 
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Observations 9 12 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 

-

0.576882686  

P(T<=t) one-tail 0.286023328  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.572046657  

t Critical two-tail 2.119905285   

Table 4.346 Comparing interhemispheric differences in y coordinate between 

partial thickness burn patients and uninjured subjects 

4.8.3 TMS Map Area 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Less/uninjured Burn arm 

Mean 22.065 20.305 

Variance 5.485966667 17.71163333 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.730838026  

P(T<=t) one-tail 0.248835922  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.497671843  

t Critical two-tail 2.570581835   

Table 4.347 Comparing map area in burn arm with less/uninjured side in full 

thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 26.17777778 22.27888889 

Variance 26.68001944 18.15978611 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 1.746747994  

P(T<=t) one-tail 0.050559441  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.101118883  

t Critical two-tail 2.131449536   



 146 

Table 4.348 Comparing map area in burn arm with less/uninjured side in partial 

thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness;burn 

arm 

Partial 

thickness;burn 

arm 

Mean 20.305 22.27888889 

Variance 17.71163333 18.15978611 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 6  

t Stat -0.777479464  

P(T<=t) one-tail 0.233207781  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.466415561  

t Critical two-tail 2.446911846   

Table 4.349 Comparing map area in burn arm in full thickness burn patients and 

partial thickness burn patients 

• Comparing interhemispheric differences in map area in full thickness burn 

patients and partial thickness burn patients 

Wilcoxon rank sum test 

 

data:  ftmapdiffs and ptmapdiffs  

W = 16, p-value = 0.8252 

alternative hypothesis: true location shift is not equal to 0  

 

 

• Comparing map area in burn arm in full thickness burn patients with uninjured 

subjects 

Wilcoxon rank sum test with continuity correction 

 

data:  ftburnmap and uninjuredmapall  

W = 27, p-value = 0.1547 

alternative hypothesis: true location shift is not equal to 0  

 

• Comparing map area in burn arm in partial thickness burn patients with uninjured 

subjects 

Wilcoxon rank sum test with continuity correction 

 

data:  ptburnmap and uninjuredmapall  

W = 89, p-value = 0.3692 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differences in map area; full thickness vs uninjured 

subjects 
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Wilcoxon rank sum test 

 

data:  ftmapdiffs and uninjuredmapdiff  

W = 31, p-value = 0.4462 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differences in map area; partial thickness vs 

uninjured subjects 

Wilcoxon rank sum test 

 

data:  ptmapdiffs and uninjuredmapdiff  

W = 74, p-value = 0.1694 

alternative hypothesis: true location shift is not equal to 0 

4.8.4 Average MEP Amplitude 

t-Test: Two-Sample Assuming Equal Variances 

   

  

Less/uninjured 

side  Burn arm 

Mean 5.548810925 4.366140363 

Variance 11.81241719 6.149726346 

Observations 4 4 

Pooled Variance 8.981071769  

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.558103443  

P(T<=t) one-tail 0.298483743  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.596967485  

t Critical two-tail 2.446911846   

Table 4.350 Comparing MEP amplitude in burn arm with less/uninjured side in full 

thickness burn patients 

t-Test: Two-Sample Assuming Equal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 5.18972575 4.950146122 

Variance 4.44031379 6.215214374 

Observations 9 9 

Pooled Variance 5.327764082  

Hypothesized Mean 

Difference 0  

df 16  

t Stat 0.220182932  

P(T<=t) one-tail 0.414256751  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.828513501  
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t Critical two-tail 2.119905285   

Table 4.351 Comparing MEP amplitude in burn arm with less/uninjured side in 

partial thickness burn patients 

t-Test: Two-Sample Assuming Equal Variances 

   

  

Full 

thickness;burn 

arm 

Partial 

thickness;burn 

arm 

Mean 4.366140363 4.950146122 

Variance 6.149726346 6.215214374 

Observations 4 9 

Pooled Variance 6.197354003  

Hypothesized Mean 

Difference 0  

df 11  

t Stat -0.390385387  

P(T<=t) one-tail 0.351852748  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.703705496  

t Critical two-tail 2.200985159   

Table 4.352 Comparing MEP amplitude in burn arm in full thickness burn patients 

with partial thickness burn patients 

t-Test: Two-Sample Assuming Equal Variances 

   

  

Full 

thickness  

Partial 

thickness 

Mean 1.182670563 0.239579628 

Variance 7.714148464 2.284097651 

Observations 4 9 

Pooled Variance 3.7650206  

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.808815501  

P(T<=t) one-tail 0.217883037  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.435766074  

t Critical two-tail 2.200985159   

Table 4.353 Comparing interhemispheric differences in MEP amplitude in full 

thickness burn patients with partial thickness burn patients 

t-Test: Two-Sample Assuming Equal Variances 

   

  

Full 

thickness;burn 

arm Uninjured 

Mean 4.366140363 5.617268883 
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Variance 6.149726346 5.621772764 

Observations 4 24 

Pooled Variance 5.682690485  

Hypothesized Mean 

Difference 0  

df 26  

t Stat -0.971810358  

P(T<=t) one-tail 0.170049859  

t Critical one-tail 1.705617901  

P(T<=t) two-tail 0.340099717  

t Critical two-tail 2.055529418   

Table 4.354 Comparing MEP amplitude in burn arm in full thickness burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Equal Variances 

   

  

Partial 

thickness;burn 

arm Uninjured 

Mean 4.950146122 5.617268883 

Variance 6.215214374 5.621772764 

Observations 9 24 

Pooled Variance 5.774918986  

Hypothesized Mean 

Difference 0  

df 31  

t Stat -0.710236055  

P(T<=t) one-tail 0.24143344  

t Critical one-tail 1.695518742  

P(T<=t) two-tail 0.48286688  

t Critical two-tail 2.039513438   

Table 4.355 Comparing MEP amplitude in burn arm in partial thickness burn 

patients with uninjured subjects 

t-Test: Two-Sample Assuming Equal Variances 

   

  

Full 

thickness Uninjured 

Mean 1.182670563 -0.50891234 

Variance 7.714148464 9.856971359 

Observations 4 12 

Pooled Variance 9.397795024  

Hypothesized Mean 

Difference 0  

df 14  

t Stat 0.955742569  

P(T<=t) one-tail 0.177707794  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.355415588  
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t Critical two-tail 2.144786681   

Table 4.356 Comparing interhemispheric differences in MEP amplitude in full 

thickness burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Equal Variances 

   

  

Partial 

thickness Uninjured 

Mean 0.239579628 -0.50891234 

Variance 2.284097651 9.856971359 

Observations 9 12 

Pooled Variance 6.668392956  

Hypothesized Mean 

Difference 0  

df 19  

t Stat 0.65732293  

P(T<=t) one-tail 0.259428792  

t Critical one-tail 1.729132792  

P(T<=t) two-tail 0.518857584  

t Critical two-tail 2.09302405   

Table 4.357 Comparing interhemispheric differences in MEP amplitude in partial 

thickness burn patients with uninjured subjects 

4.8.5 Threshold 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side 

Burn 

arm 

Mean 58.75 58.75 

Variance 472.9166667 506.25 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0  

P(T<=t) one-tail 0.5  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 1  

t Critical two-tail 2.446911846   

Table 4.358 Comparing threshold to stimulation in burn arm with less/uninjured 

side in full thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 53.22222222 53.55555556 

Variance 75.44444444 217.7777778 
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Observations 9 9 

Hypothesized Mean 

Difference 0  

df 13  

t Stat -0.058398482  

P(T<=t) one-tail 0.477159677  

t Critical one-tail 1.770933383  

P(T<=t) two-tail 0.954319355  

t Critical two-tail 2.160368652   

Table 4.359 Comparing threshold to stimulation in burn arm with less/uninjured 

side in partial thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness;burn 

arm  

Partial 

thickness;burn 

arm 

Mean 58.75 53.55555556 

Variance 506.25 217.7777778 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 0.423054186  

P(T<=t) one-tail 0.347004804  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.694009609  

t Critical two-tail 2.776445105   

Table 4.360 Comparing threshold to stimulation in burn arm in full thickness burn 

patients with partial thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness  

Partial 

thickness 

Mean 0 

-

0.333333333 

Variance 50 154.5 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.061199006  

P(T<=t) one-tail 0.476203293  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.952406585  

t Critical two-tail 2.228138842   
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Table 4.361 Comparing interhemispheric differences in threshold to stimulation in 

full thickness burn patients with partial thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness;burn 

arm  Uninjured 

Mean 58.75 49.70833333 

Variance 506.25 108.2155797 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.789758641  

P(T<=t) one-tail 0.243667907  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.487335814  

t Critical two-tail 3.182446305   

Table 4.362 Comparing threshold to stimulation in burn arm of full thickness burn 

patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Partial 

thickness;burn 

arm  Uninjured 

Mean 53.55555556 49.70833333 

Variance 217.7777778 108.2155797 

Observations 9 24 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.718053906  

P(T<=t) one-tail 0.243847366  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.487694731  

t Critical two-tail 2.200985159   

Table 4.363 Comparing threshold to stimulation in burn arm of partial thickness 

burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness  Uninjured  

Mean 0 

-

0.083333333 

Variance 50 24.62878788 

Observations 4 12 

Hypothesized Mean 0  
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Difference 

df 4  

t Stat 0.02184497  

P(T<=t) one-tail 0.49180895  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.983617901  

t Critical two-tail 2.776445105   

Table 4.364 Comparing interhemispheric differences in threshold to stimulation in 

full thickness burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Partial 

thickness Uninjured 

Mean 

-

0.333333333 

-

0.083333333 

Variance 154.5 24.62878788 

Observations 9 12 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

0.057026127  

P(T<=t) one-tail 0.477823877  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.955647754  

t Critical two-tail 2.228138842   

Table 4.365 Comparing interhemispheric differences in threshold to stimulation in 

partial thickness burn patients with uninjured subjects 

4.8.6 Silent Period 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 129.4625075 163.6500043 

Variance 2239.544839 2821.275089 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat -0.961140451  

P(T<=t) one-tail 0.186799114  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.373598228  

t Critical two-tail 2.446911846   

Table 4.366 Comparing silent period duration in burn arm to less/uninjured side in 

full thickness burn patients 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 133.9969467 119.6944464 

Variance 193.5772483 739.6243278 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 1.404576785  

P(T<=t) one-tail 0.092749604  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.185499209  

t Critical two-tail 2.178812827   

Table 4.367 Comparing silent period duration in burn arm to less/uninjured side in 

partial thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness;burn 

arm  

Partial 

thickness;burn 

arm 

Mean 163.6500043 119.6944464 

Variance 2821.275089 739.6243278 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 1.566349672  

P(T<=t) one-tail 0.096164285  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.192328571  

t Critical two-tail 2.776445105   

Table 4.368 Comparing silent period duration in burn arm in full thickness burn 

patients and partial thickness burn patients  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness 

Partial 

thickness 

Mean 

-

34.18749675 14.30250022 

Variance 1005.154823 455.9475768 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 4  

t Stat -  
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2.790518881 

P(T<=t) one-tail 0.024642967  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.049285934  

t Critical two-tail 2.776445105   

Table 4.369 Comparing interhemispheric differences in silent period duration in full 

thickness burn patients with partial thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness;burn 

arm  Uninjured 

Mean 163.6500043 148.875525 

Variance 2821.275089 1053.991171 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.539763026  

P(T<=t) one-tail 0.313425408  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.626850816  

t Critical two-tail 3.182446305   

Table 4.370 Comparing silent period duration in burn arm in full thickness burn 

patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Partial 

thickness;burn 

arm Uninjured 

Mean 119.6944464 148.875525 

Variance 739.6243278 1053.991171 

Observations 9 24 

Hypothesized Mean 

Difference 0  

df 17  

t Stat -2.598659288  

P(T<=t) one-tail 0.009365963  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.018731926  

t Critical two-tail 2.109815559   

Table 4.371 Comparing silent period duration in burn arm in partial thickness burn 

patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Full Uninjured 
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thickness 

Mean 

-

34.18749675 

-

2.653119917 

Variance 1005.154823 1388.447819 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 

-

1.646097464  

P(T<=t) one-tail 0.075422138  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.150844276  

t Critical two-tail 2.446911846   

Table 4.372 Comparing interhemispheric differences in silent period duration in full 

thickness burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Partial 

thickness Uninjured 

Mean 14.30250022 

-

2.653119917 

Variance 455.9475768 1388.447819 

Observations 9 12 

Hypothesized Mean 

Difference 0  

df 18  

t Stat 1.314567595  

P(T<=t) one-tail 0.102579906  

t Critical one-tail 1.734063592  

P(T<=t) two-tail 0.205159812  

t Critical two-tail 2.100922037   

Table 4.373 Comparing interhemispheric differences in silent period duration in 

partial thickness burn patients with uninjured subjects 

4.8.7 Latency 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 22.6375005 21.146876 

Variance 4.635624683 1.066286921 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 1.248498459  
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P(T<=t) one-tail 0.139966943  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.279933886  

t Critical two-tail 2.776445105   

Table 4.374 Comparing latency duration in burn arm with less/uninjured side in full 

thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side  Burn arm 

Mean 22.58527861 22.03472372 

Variance 2.953873395 3.72201953 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 0.63924479  

P(T<=t) one-tail 0.265854902  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.531709804  

t Critical two-tail 2.119905285   

Table 4.375 Comparing latency duration in burn arm with less/uninjured side in 

partial thickness burn patients  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness;burn 

arm 

Partial 

thickness;burn 

arm 

Mean 21.146876 22.03472372 

Variance 1.066286921 3.72201953 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 10  

t Stat -1.076571039  

P(T<=t) one-tail 0.153479076  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.306958152  

t Critical two-tail 2.228138842   

Table 4.376 Comparing latency duration in burn arm in full thickness burn patients 

and partial thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness 

Partial 

thickness 
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Mean 1.4906245 0.550554889 

Variance 2.172018333 2.046493123 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 1.071035663  

P(T<=t) one-tail 0.162666548  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.325333096  

t Critical two-tail 2.446911846   

Table 4.377 Comparing interhemispheric differences in latency duration in full 

thickness burn patients with partial thickness burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness;burn 

arm Uninjured 

Mean 21.146876 22.16250133 

Variance 1.066286921 3.028967113 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 6  

t Stat -1.620539289  

P(T<=t) one-tail 0.078121761  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.156243522  

t Critical two-tail 2.446911846   

Table 4.378 Comparing latency duration in burn arm in full thickness burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Partial 

thicknes;burn 

arm Uninjured 

Mean 22.03472372 22.16250133 

Variance 3.72201953 3.028967113 

Observations 9 24 

Hypothesized Mean 

Difference 0  

df 13  

t Stat 

-

0.173921203  

P(T<=t) one-tail 0.43230325  

t Critical one-tail 1.770933383  

P(T<=t) two-tail 0.8646065  
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t Critical two-tail 2.160368652   

Table 4.379 Comparing latency duration in burn arm in partial thickness burn 

patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Full 

thickness Uninjured 

Mean 1.4906245 

-

0.012500333 

Variance 2.172018333 0.663693109 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 1.943260706  

P(T<=t) one-tail 0.061956166  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.123912331  

t Critical two-tail 2.776445105   

Table 4.380 Comparing interhemispheric differences in latency duration in full 

thickness burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Partial 

thickness Uninjured 

Mean 0.550554889 

-

0.012500333 

Variance 2.046493123 0.663693109 

Observations 9 12 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 1.05898851  

P(T<=t) one-tail 0.1552282  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.310456401  

t Critical two-tail 2.178812827   

Table 4.381 Comparing interhemispheric differences in latency duration in partial 

thickness burn patients with uninjured subjects 

4.9 >10% TBSA vs <10%TBSA 

4.9.1 Optimal site location 

4.9.1.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 
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Less/uninjured 

side  Burn arm 

Mean 5.915 5.488333333 

Variance 1.96859 0.884456667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 0.618742435  

P(T<=t) one-tail 0.275711498  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.551422996  

t Critical two-tail 2.262157158   

Table 4.382 Comparing x coordinate in burn arm with less/uninjured side in 

>10%TBSA burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 5.915 5.488333333 

Variance 1.96859 0.884456667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 0.618742435  

P(T<=t) one-tail 0.275711498  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.551422996  

t Critical two-tail 2.262157158   

Table 4.383 Comparing x coordinate in burn arm with less/uninjured side in <10% 

TBSA burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>10% 

TBSA;burn 

arm  

<10%TBSA;burn 

arm 

Mean 5.488333333 4.985714286 

Variance 0.884456667 0.477195238 

Observations 6 7 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 1.082516476  

P(T<=t) one-tail 0.153586096  

t Critical one-tail 1.833112923  
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P(T<=t) two-tail 0.307172193  

t Critical two-tail 2.262157158   

Table 4.384 Comparing x coordinate in burn arm in >10% TBSA burn patients 

with <10%TBSA burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10%TBSA <10%TBSA 

Mean 0.426666667 0.202857143 

Variance 0.724866667 0.449557143 

Observations 6 7 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 0.520299383  

P(T<=t) one-tail 0.307705242  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.615410484  

t Critical two-tail 2.262157158   

Table 4.385 Comparing interhemispheric differences in x coordinate in >10%TBSA 

burn patients with <10%TSBA burn patients 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>10%TBSA;burn 

arm Uninjured 

Mean 5.488333333 5.897083333 

Variance 0.884456667 0.725604167 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 7  

t Stat -0.969803564  

P(T<=t) one-tail 0.182226042  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.364452084  

t Critical two-tail 2.364624251   

Table 4.386 Comparing x coordinate in burn arm in >10% TBSA burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

<10%TBSA;burn 

arm Uninjured 

Mean 4.985714286 5.897083333 

Variance 0.477195238 0.725604167 

Observations 7 24 

Hypothesized Mean 0  
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Difference 

df 12  

t Stat -2.905275591  

P(T<=t) one-tail 0.006598185  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.01319637  

t Critical two-tail 2.178812827   

Table 4.387 Comparing x coordinate in burn arm in <10% TBSA burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10% TBSA  Uninjured 

Mean 0.426666667 0.235833333 

Variance 0.724866667 1.544553788 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 0.382030589  

P(T<=t) one-tail 0.354087501  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.708175001  

t Critical two-tail 2.144786681   

Table 4.388 Comparing interhemispheric differences in x coordinate in >10% TBSA 

burn patients with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <10%TBSA Uninjured 

Mean 0.202857143 0.235833333 

Variance 0.449557143 1.544553788 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 

-

0.075074885  

P(T<=t) one-tail 0.470515757  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.941031515  

t Critical two-tail 2.109815559   

Table 4.389 Comparing interhemispheric differences in x coordinate in <10% TBSA 

burn patients with uninjured subjects 

4.9.1.2 Y Coordinate  

t-Test: Two-Sample Assuming Unequal Variances 
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Less/uninjured 

side Burn arm 

Mean 0.92 1.373333333 

Variance 0.93368 1.235106667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat -0.754023466  

P(T<=t) one-tail 0.234109165  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.46821833  

t Critical two-tail 2.228138842   

Table 4.390 Less/uninjured arm vs burn arm; >10% TBSA burn 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 1.01 0.464285714 

Variance 1.461166667 0.904328571 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.93875725  

P(T<=t) one-tail 0.184005684  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.368011369  

t Critical two-tail 2.200985159   

Table 4.391 Less/uninjured arm vs burn arm; <10% TBSA 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>10%TBSA; 

burn arm 

<10%TBSA; 

burn arm 

Mean 1.373333333 0.464285714 

Variance 1.235106667 0.904328571 

Observations 6 7 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 1.570499187  

P(T<=t) one-tail 0.073686184  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.147372369  

t Critical two-tail 2.228138842   
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Table 4.392 Comparing >10% burn arm with <10% burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10% TBSA <10%TBSA 

Mean 

-

0.453333333 0.545714286 

Variance 1.316066667 1.374528571 

Observations 6 7 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

1.549505834  

P(T<=t) one-tail 0.074767546  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.149535093  

t Critical two-tail 2.200985159   

Table 4.393 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>10%TBSA;burn 

arm Uninjured 

Mean 1.373333333 0.995833333 

Variance 1.235106667 1.201207971 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 0.746243546  

P(T<=t) one-tail 0.238437101  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.476874202  

t Critical two-tail 2.306004133   

Table 4.394 Comparing y coordinate in burn arm in >10%TBSA burn patients with 

uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

<10%TBSA;burn 

arm Uninjured 

Mean 0.464285714 0.995833333 

Variance 0.904328571 1.201207971 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 11  

t Stat -1.255522657  
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P(T<=t) one-tail 0.117652061  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.235304122  

t Critical two-tail 2.200985159   

Table 4.395 Comparing y coordinate in burn arm in <10% TBSA burn patients 

with uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10%TBSA Uninjured 

Mean 

-

0.453333333 0.4 

Variance 1.316066667 1.2466 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

1.500943597  

P(T<=t) one-tail 0.082133483  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.164266966  

t Critical two-tail 2.228138842   

Table 4.396 Comparing interhemispheric differences in y coordinate in >10%TBSA 

burn patients and uninjured subjects 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <10%TBSA Uninjured 

Mean 0.545714286 0.4 

Variance 1.374528571 1.2466 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 0.265928301  

P(T<=t) one-tail 0.397404147  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.794808294  

t Critical two-tail 2.178812827   

Table 4.397 Comparing interhemispheric differences in y coordinate in <10%TBSA 

burn patients and uninjured subjects 

4.9.2 Centre of Gravity Location 

4.9.2.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 
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Less/uninjured 

side Burn arm 

Mean 5.917142857 5.394285714 

Variance 1.503290476 0.626395238 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.947925719  

P(T<=t) one-tail 0.182755688  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.365511375  

t Critical two-tail 2.228138842   

Table 4.398 Less/uninjured arm vs burn arm; >10% TBSA 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side 

Burn 

arm 

Mean 5.251666667 5.175 

Variance 0.029616667 0.26531 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.345800156  

P(T<=t) one-tail 0.370647539  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.741295078  

t Critical two-tail 2.446911846   

Table 4.399 Less/uninjured arm vs burn arm; <10% TBSA 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>10% 

TBSA;burn 

arm 

<10%TBSA;burn 

arm 

Mean 5.394285714 5.175 

Variance 0.626395238 0.26531 

Observations 7 6 

Hypothesized 

Mean Difference 0  

df 10  

t Stat 0.599707068  

P(T<=t) one-tail 0.281021434  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.562042867  

t Critical two-tail 2.228138842   
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Table 4.400 Comparing >10% burn arm with 10% burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10%TBSA  <10% TBSA 

Mean 0.522857143 0.076666667 

Variance 0.836390476 0.197826667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 1.142743601  

P(T<=t) one-tail 0.141316217  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.282632434  

t Critical two-tail 2.262157158   

Table 4.401 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>10%TBSA;burn 

arm Uninjured 

Mean 5.53 5.905833333 

Variance 0.59696 0.498051449 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 7  

t Stat -1.083829384  

P(T<=t) one-tail 0.157176715  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.31435343  

t Critical two-tail 2.364624251   

 

Table 4.402 Comparing >10% burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

<10%TBSA;burn 

arm Uninjured 

Mean 5.09 5.905833333 

Variance 0.271666667 0.498051449 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 13  

t Stat -3.342858716  

P(T<=t) one-tail 0.002646446  

t Critical one-tail 1.770933383  
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P(T<=t) two-tail 0.005292893  

t Critical two-tail 2.160368652   

 

Table 4.403 Comparing <10% burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10%TBSA Uninjured 

Mean 0.536666667 0.223333333 

Variance 1.002066667 1.063460606 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.619723959  

P(T<=t) one-tail 0.274649427  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.549298855  

t Critical two-tail 2.228138842   

 

Table 4.404 Comparing interhemispheric diffs >10% with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <10%TBSA Uninjured 

Mean 0.128571429 0.223333333 

Variance 0.183714286 1.063460606 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 

-

0.279599809  

P(T<=t) one-tail 0.391683378  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.783366756  

t Critical two-tail 2.119905285   

 

Table 4.405 Comparing interhemispheric diffs <10% with uninjured (all) 

 

4.9.2.2 Y Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Less/uninjured  Burn arm 

Mean 1.007142857 1.148571429 

Variance 0.81272381 1.056180952 

Observations 7 7 
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Hypothesized Mean 

Difference 0  

df 12  

t Stat -0.273711213  

P(T<=t) one-tail 0.394480404  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.788960809  

t Critical two-tail 2.178812827   

Table 4.406 Less/uninjured arm vs burn arm; >10% TBSA 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Less/uninjured Burn arm 

Mean 0.845 0.306666667 

Variance 1.50655 1.019746667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.829630524  

P(T<=t) one-tail 0.213054348  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.426108695  

t Critical two-tail 2.228138842   

Table 4.407 Less/uninjured arm vs burn arm; <10% TBSA 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>10%TBSA;burn 

arm 

<10%TBSA;burn 

arm 

Mean 1.148571429 0.306666667 

Variance 1.056180952 1.019746667 

Observations 7 6 

Hypothesized 

Mean Difference 0  

df 11  

t Stat 1.486340085  

P(T<=t) one-tail 0.082639321  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.165278642  

t Critical two-tail 2.200985159   

Table 4.408 Comparing >10% burn arm with <10% burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10%TBSA <10%TBSA 

Mean 

-

0.141428571 0.538333333 
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Variance 1.170647619 1.222536667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

1.116027384  

P(T<=t) one-tail 0.144098331  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.288196663  

t Critical two-tail 2.200985159   

Table 4.409 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>10%TBSA;burn 

arm  Uninjured 

Mean 1.195 0.8725 

Variance 1.24931 1.077784783 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 0.641004846  

P(T<=t) one-tail 0.270964232  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.541928465  

t Critical two-tail 2.364624251   

 

Table 4.410 Comparing >10% burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

<10%TBSA;burn 

arm Uninjured 

Mean 0.387142857 0.8725 

Variance 0.89512381 1.077784783 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 11  

t Stat -1.16764685  

P(T<=t) one-tail 0.133817892  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.267635785  

t Critical two-tail 2.200985159   

 

Table 4.411 Comparing <10% burn arm with uninjured (all) 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  >10%TBSA  Uninjured 

Mean 

-

0.193333333 0.628333333 

Variance 1.382146667 0.683433333 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 

-

1.532921368  

P(T<=t) one-tail 0.081917708  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.163835416  

t Critical two-tail 2.306004133   

 

Table 4.412 Comparing interhemispheric diffs >10% with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <10%TBSA Uninjured 

Mean 0.485714286 0.628333333 

Variance 1.038161905 0.683433333 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

0.314791977  

P(T<=t) one-tail 0.379405096  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.758810191  

t Critical two-tail 2.200985159   

 

Table 4.413 Comparing interhemispheric diffs <10% with uninjured (all) 

 

4.9.3 TMS Map Area 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 22.94166667 21.27333333 

Variance 7.003536667 12.28690667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 9  
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t Stat 0.930437805  

P(T<=t) one-tail 0.188213535  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.37642707  

t Critical two-tail 2.262157158   

 

Table 4.414 Less/uninjured arm vs burn arm; >10% TBSA 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 26.60142857 22.01285714 

Variance 33.07488095 24.33355714 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 1.602280883  

P(T<=t) one-tail 0.067537093  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.135074185  

t Critical two-tail 2.178812827   

 

Table 4.415 Control arm vs burn arm; <10% TBSA 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>10%TBSA;burn 

arm  

<10%TBSA;burn 

arm 

Mean 21.27333333 22.01285714 

Variance 12.28690667 24.33355714 

Observations 6 7 

Hypothesized 

Mean Difference 0  

df 11  

t Stat -0.314647108  

P(T<=t) one-tail 0.379458634  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.758917269  

t Critical two-tail 2.200985159   

 

Table 4.416 Comparing >10% burn arm with <10% burn arm 

• Comparing interhemispheric differences >10% TBSA burn patients with 

<10%TBSA burn patients 

Wilcoxon rank sum test 

 

data:  greater10mapdiffs and less10mapdiffs  
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W = 19, p-value = 0.8357 

alternative hypothesis: true location shift is not equal to 0 

• Comparing >10%TBSA burn arm with uninjured subjects 

Wilcoxon rank sum test with continuity correction 

 

data:  greater10tbsamapburn and uninjuredmapall  

W = 53, p-value = 0.2823 

alternative hypothesis: true location shift is not equal to 0 

• Comparing <10%TBSA burn arm with uninjured subjects 

Wilcoxon rank sum test with continuity correction 

 

data:  less10tbsamapburn and uninjuredmapall  

W = 63, p-value = 0.2739 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differences; >10%TBSA burn patients with 

uninjured subjects 

Wilcoxon rank sum test 

 

data:  greater10mapdiffs and uninjuredmapdiff  

W = 46, p-value = 0.3845 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differences;<10%TBSA burn patients with uninjured 

subjects 

 

 Wilcoxon rank sum test 

 

data:  less10mapdiffs and uninjuredmapdiff  

W = 59, p-value = 0.1673 

alternative hypothesis: true location shift is not equal to 0 

4.9.4 Average MEP Amplitude 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 4.880511008 3.76887005 

Variance 9.145964064 6.347857595 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.69176867  

P(T<=t) one-tail 0.25241314  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.504826279  

t Critical two-tail 2.228138842   

Table 4.417 Less/uninjured arm vs burn arm; >10% TBSA 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 5.659958486 5.628950893 

Variance 3.937365985 4.366324432 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 0.028469609  

P(T<=t) one-tail 0.488877803  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.977755605  

t Critical two-tail 2.178812827   

Table 4.418 Less/uninjured arm vs burn arm; <10% TBSA 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>10%TBSA;burn 

arm 

<10%TBSA;burn 

arm 

Mean 3.76887005 5.628950893 

Variance 6.347857595 4.366324432 

Observations 6 7 

Hypothesized 

Mean Difference 0  

df 10  

t Stat -1.434342257  

P(T<=t) one-tail 0.090998861  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.181997721  

t Critical two-tail 2.228138842   

Table 4.419 Comparing >10% burn arm with <10% burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10%TBSA  <10%TBSA 

Mean 1.111640958 0.031007593 

Variance 4.400474441 3.0171791 

Observations 6 7 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 1.001429059  

P(T<=t) one-tail 0.170117601  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.340235201  

t Critical two-tail 2.228138842   
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Table 4.420 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>10%TBSA;burn 

arm  Uninjured 

Mean 3.76887005 5.617268883 

Variance 6.347857595 5.621772764 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 7  

t Stat -1.626027905  

P(T<=t) one-tail 0.073985198  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.147970396  

t Critical two-tail 2.364624251   

 

Table 4.421 Comparing >10% burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

<10%TBSA;burn 

arm Uninjured 

Mean 5.628950893 5.617268883 

Variance 4.366324432 5.621772764 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.0126117  

P(T<=t) one-tail 0.495081708  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.990163416  

t Critical two-tail 2.200985159   

 

Table 4.422 Comparing <10% burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10%TBSA  Uninjured 

Mean 1.111640958 -0.50891234 

Variance 4.400474441 9.856971359 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 1.299637775  

P(T<=t) one-tail 0.107359195  
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t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.214718389  

t Critical two-tail 2.144786681   

 

Table 4.423 Comparing interhemispheric diffs >10% with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <10%TBSA Uninjured 

Mean 0.031007593 -0.50891234 

Variance 3.0171791 9.856971359 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 0.482448455  

P(T<=t) one-tail 0.317820428  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.635640855  

t Critical two-tail 2.109815559   

 

Table 4.424 Comparing interhemispheric diffs <10% with uninjured (all) 

 

4.9.5 Threshold  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 56.83333333 65.5 

Variance 344.5666667 319.5 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat -0.823800171  

P(T<=t) one-tail 0.214631415  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.429262829  

t Critical two-tail 2.228138842   

Table 4.425 Less/uninjured arm vs burn arm; >10% 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 53.28571429 46.28571429 

Variance 57.23809524 90.9047619 
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Observations 7 7 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 1.52162173  

P(T<=t) one-tail 0.078158677  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.156317354  

t Critical two-tail 2.200985159   

Table 4.426 Less/uninjured arm vs burn arm; <10% 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>10%TBSA;burn 

arm 

<10%TBSA;burn 

arm 

Mean 65.5 46.28571429 

Variance 319.5 90.9047619 

Observations 6 7 

Hypothesized 

Mean Difference 0  

df 7  

t Stat 2.360890812  

P(T<=t) one-tail 0.025137679  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.050275358  

t Critical two-tail 2.364624251   

Table 4.427 >10% burn arm vs <10% burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10%TBSA <10%TBSA 

Mean 

-

8.666666667 7 

Variance 54.66666667 53.33333333 

Observations 6 7 

Hypothesized Mean 

Difference 0  

df 11  

t Stat -3.83024516  

P(T<=t) one-tail 0.001396609  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.002793218  

t Critical two-tail 2.200985159   

Table 4.428 Comparing interhemispheric differences 

 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10%TBSA;burn Uninjured 
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arm 

Mean 65.5 49.70833333 

Variance 319.5 108.2155797 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 2.077869179  

P(T<=t) one-tail 0.04148952  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.08297904  

t Critical two-tail 2.446911846   

 

Table 4.429 Comparing >10% burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

<10%TBSA;burn 

arm Uninjured 

Mean 46.28571429 49.70833333 

Variance 90.9047619 108.2155797 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 11  

t Stat -0.818270529  

P(T<=t) one-tail 0.215286069  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.430572138  

t Critical two-tail 2.200985159   

 

Table 4.430 Comparing <10% burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10%TBSA Uninjured 

Mean 

-

8.666666667 

-

0.083333333 

Variance 54.66666667 24.62878788 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 

-

2.568949658  

P(T<=t) one-tail 0.018532305  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.03706461  

t Critical two-tail 2.364624251   
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Table 4.431 Comparing interhemispheric diffs >10% with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <10%TBSA Uninjured 

Mean 7 

-

0.083333333 

Variance 53.33333333 24.62878788 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 2.277676077  

P(T<=t) one-tail 0.024373695  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.048747389  

t Critical two-tail 2.262157158   

 

Table 4.432 Comparing interhemispheric diffs <10% with uninjured (all) 

 

4.9.6 Silent Period 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 126.7041725 148.0916727 

Variance 1382.92635 2923.811791 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 9  

t Stat -0.79829134  

P(T<=t) one-tail 0.22262711  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.44525422  

t Critical two-tail 2.262157158   

Table 4.433 Less/uninjured arm vs burn arm; >10% 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 137.6567879 120.4714297 

Variance 170.332819 441.247737 

Observations 7 7 

Hypothesized Mean 0  
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Difference 

df 10  

t Stat 1.838572553  

P(T<=t) one-tail 0.047911144  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.095822287  

t Critical two-tail 2.228138842   

Table 4.434 Less/uninjured arm vs burn arm; <10% 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>10%TBSA;burn 

arm 

<10%TBSA;burn 

arm 

Mean 148.0916727 120.4714297 

Variance 2923.811791 441.247737 

Observations 6 7 

Hypothesized 

Mean Difference 0  

df 6  

t Stat 1.177370087  

P(T<=t) one-tail 0.141815397  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.283630793  

t Critical two-tail 2.446911846   

Table 4.435 >10% burn arm vs <10% burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10%TBSA <10%TBSA 

Mean 

-

21.38750017 17.18535814 

Variance 1216.317319 380.9577193 

Observations 6 7 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 

-

2.405443951  

P(T<=t) one-tail 0.021405741  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.042811482  

t Critical two-tail 2.306004133   

Table 4.436 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>10%TBSA;burn 

arm Uninjured 

Mean 148.0916727 148.875525 
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Variance 2923.811791 1053.991171 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 6  

t Stat -0.034009307  

P(T<=t) one-tail 0.48698645  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.973972901  

t Critical two-tail 2.446911846   

 

Table 4.437 Comparing >10% burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <10%TBSA Uninjured 

Mean 120.4714297 148.875525 

Variance 441.247737 1053.991171 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 

-

2.746547638  

P(T<=t) one-tail 0.007494973  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.014989946  

t Critical two-tail 2.131449536   

 

Table 4.438 Comparing <10% burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10%TBSA  Uninjured 

Mean 

-

21.38750017 

-

2.653119917 

Variance 1216.317319 1388.447819 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

1.049872957  

P(T<=t) one-tail 0.158147693  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.316295385  

t Critical two-tail 2.200985159   

 

Table 4.439 Comparing interhemispheric diffs >10% with uninjured (all) 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  <10%TBSA Uninjured 

Mean 17.18535814 

-

2.653119917 

Variance 380.9577193 1388.447819 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 1.52097595  

P(T<=t) one-tail 0.073323816  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.146647632  

t Critical two-tail 2.109815559   

 

Table 4.440 Comparing interhemispheric diffs <10% with uninjured (all) 

 

4.9.7 Latency 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Less/uninjured Burn arm 

Mean 23.2666675 21.86666783 

Variance 2.010416723 1.42166656 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 1.851077698  

P(T<=t) one-tail 0.046939547  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.093879095  

t Critical two-tail 2.228138842   

Table 4.441 Less/uninjured arm vs burn arm; >10% TBSA 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 22.03107207 21.67143007 

Variance 3.760154495 4.654407648 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 0.328022522  

P(T<=t) one-tail 0.374273606  
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t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.748547213  

t Critical two-tail 2.178812827   

Table 4.442 Less/uninjured arm vs burn arm; <10% TBSA 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>10%TBSA;burn 

arm 

<10%TBSA; 

burn arm 

Mean 21.86666783 21.67143007 

Variance 1.42166656 4.654407648 

Observations 6 7 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.205586364  

P(T<=t) one-tail 0.420619414  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.841238827  

t Critical two-tail 2.228138842   

Table 4.443 >10% burn arm vs <10% burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10%TBSA <10%TBSA 

Mean 1.399999667 0.359642 

Variance 1.53674944 2.359117263 

Observations 6 7 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 1.350838588  

P(T<=t) one-tail 0.101939721  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.203879441  

t Critical two-tail 2.200985159   

Table 4.444 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>10%TBSA;burn 

arm Uninjured 

Mean 21.86666783 22.3000013 

Variance 1.42166656 2.692272636 

Observations 6 23 

Hypothesized Mean 

Difference 0  

df 11  

t Stat -0.728317512  



 184 

P(T<=t) one-tail 0.240818251  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.481636502  

t Critical two-tail 2.200985159   

 

Table 4.445 Comparing >10% burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

<10%TBSA;burn 

arm Uninjured 

Mean 21.67143007 22.3000013 

Variance 4.654407648 2.692272636 

Observations 7 23 

Hypothesized Mean 

Difference 0  

df 8  

t Stat -0.710819377  

P(T<=t) one-tail 0.248696592  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.497393184  

t Critical two-tail 2.306004133   

 

Table 4.446 Comparing <10% burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >10%TBSA Uninjured 

Mean 1.399999667 

-

0.012500333 

Variance 1.53674944 0.663693109 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 2.53108293  

P(T<=t) one-tail 0.01958546  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.039170919  

t Critical two-tail 2.364624251   

 

Table 4.447 Comparing interhemispheric diffs >10% with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <10%TBSA Uninjured 

Mean 0.359642 

-

0.012500333 

Variance 2.359117263 0.663693109 
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Observations 7 12 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 0.594136667  

P(T<=t) one-tail 0.284418465  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.568836931  

t Critical two-tail 2.306004133   

 

Table 4.448 Comparing interhemispheric diffs <10% with uninjured (all) 

 

 

4.10 >2 years vs <2 years post injury.  

4.10.1 Optimal site location 

4.10.1.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 5.604285714 5.142857143 

Variance 1.588295238 0.83152381 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.784805534  

P(T<=t) one-tail 0.224569876  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.449139751  

t Critical two-tail 2.200985159   

Table 4.449 Less/uninjured arm vs burn arm; >2yrs 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Less/uninjured Uninjured 

Mean 5.43 5.305 

Variance 0.87216 0.60551 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.251881871  

P(T<=t) one-tail 0.403116701  

t Critical one-tail 1.812461102  
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P(T<=t) two-tail 0.806233403  

t Critical two-tail 2.228138842   

Table 4.450 Less/uninjured arm vs burn arm; <2 yrs 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>2yrs;burn 

arm 

<2yrs;burn 

arm 

Mean 5.142857143 5.305 

Variance 0.83152381 0.60551 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

0.345919808  

P(T<=t) one-tail 0.367964191  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.735928382  

t Critical two-tail 2.200985159   

Table 4.451 >2 yrs burn arm vs <2yrs burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs <2yrs 

Mean 0.461428571 0.125 

Variance 0.619714286 0.47991 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.819544991  

P(T<=t) one-tail 0.214937592  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.429875183  

t Critical two-tail 2.200985159   

Table 4.452 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>2yrs;burn 

arm Uninjured 

Mean 5.142857143 5.897083333 

Variance 0.83152381 0.725604167 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 9  

t Stat -  
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1.953779319 

P(T<=t) one-tail 0.041232301  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.082464602  

t Critical two-tail 2.262157158   

 

Table 4.453 Comparing >2yrs burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

<2yrs;burn 

arm Uninjured 

Mean 5.305 5.897083333 

Variance 0.60551 0.725604167 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 

-

1.634916744  

P(T<=t) one-tail 0.070353084  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.140706168  

t Critical two-tail 2.306004133   

 

Table 4.454 Comparing <2yrs burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs Uninjured 

Mean 0.461428571 0.235833333 

Variance 0.619714286 1.544553788 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 0.48401253  

P(T<=t) one-tail 0.317276601  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.634553201  

t Critical two-tail 2.109815559   

 

Table 4.455 Comparing interhemispheric diffs >2yrs with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <2yrs Uninjured 

Mean 0.125 0.235833333 
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Variance 0.47991 1.544553788 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 

-

0.242611534  

P(T<=t) one-tail 0.405694486  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.811388972  

t Critical two-tail 2.119905285   

 

Table 4.456 Comparing interhemispheric diffs <2yrs with uninjured (all) 

 

4.10.1.2 Y Coordinate  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 1.121428571 1.112857143 

Variance 1.023380952 1.275957143 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 0.014955496  

P(T<=t) one-tail 0.49415673  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.988313461  

t Critical two-tail 2.178812827   

Table 4.457 Less/uninjured arm vs burn arm; >2 yrs 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 0.79 0.616666667 

Variance 1.39328 1.164026667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.26550109  

P(T<=t) one-tail 0.398008268  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.796016535  

t Critical two-tail 2.228138842   
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Table 4.458 Less/uninjured arm vs burn arm; <2 yrs 

  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>2yrs;burn 

arm  

<2yrs;burn 

arm 

Mean 1.112857143 0.616666667 

Variance 1.275957143 1.164026667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.808891976  

P(T<=t) one-tail 0.21786195  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.435723899  

t Critical two-tail 2.200985159   

Table 4.459 >2 yrs burn arm vs < 2 yrs burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs <2yrs 

Mean 0.008571429 0.173333333 

Variance 2.096880952 1.076626667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

0.238063374  

P(T<=t) one-tail 0.408104156  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.816208312  

t Critical two-tail 2.200985159   

Table 4.460 Comparing interhermispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>2yrs;burn 

arm Uninjured 

Mean 1.112857143 0.995833333 

Variance 1.275957143 1.201207971 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.242784891  

P(T<=t) one-tail 0.406539637  
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t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.813079274  

t Critical two-tail 2.228138842   

 

Table 4.461 Comparing >2yrs burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

<2yrs;burn 

arm Uninjured 

Mean 0.616666667 0.995833333 

Variance 1.164026667 1.201207971 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 

-

0.767514333  

P(T<=t) one-tail 0.232411614  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.464823227  

t Critical two-tail 2.306004133   

 

Table 4.462 Comparing <2yrs burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs Uninjured 

Mean 0.008571429 0.3 

Variance 2.096880952 1.063072727 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

0.467773691  

P(T<=t) one-tail 0.324987157  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.649974314  

t Critical two-tail 2.228138842   

 

Table 4.463 Comparing interhemispheric diffs >2yrs with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <2yrs Uninjured 

Mean 0.173333333 0.4 

Variance 1.076626667 1.2466 

Observations 6 12 
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Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

0.425841703  

P(T<=t) one-tail 0.339217961  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.678435921  

t Critical two-tail 2.200985159   

 

Table 4.464 Comparing interhemispheric diffs <2yrs with uninjured (all) 

 

4.10.2 Centre of Gravity Location 

4.10.2.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 5.755714286 5.281428571 

Variance 1.402128571 0.482314286 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.914108142  

P(T<=t) one-tail 0.191085904  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.382171808  

t Critical two-tail 2.228138842   

Table 4.465 Less/uninjured arm vs burn arm; >2 yrs 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 5.44 5.306666667 

Variance 0.37276 0.468866667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.356003787  

P(T<=t) one-tail 0.364616824  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.729233649  

t Critical two-tail 2.228138842   
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Table 4.466 Less/uninjured arm vs burn arm; <2 yrs 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>2yrs;burn 

arm 

<2yrs;burn 

arm 

Mean 5.281428571 5.306666667 

Variance 0.482314286 0.468866667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

0.065815662  

P(T<=t) one-tail 0.474352765  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.948705529  

t Critical two-tail 2.200985159   

Table 4.467 Comparing >2 yrs burn arm with <2 yrs burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs <2yrs 

Mean 0.474285714 0.133333333 

Variance 0.867961905 0.213466667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 0.853522407  

P(T<=t) one-tail 0.207753884  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.415507768  

t Critical two-tail 2.262157158   

Table 4.468 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs Uninjured 

Mean 5.281428571 5.905833333 

Variance 0.482314286 0.498051449 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

2.085359449  

P(T<=t) one-tail 0.031811441  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.063622882  
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t Critical two-tail 2.228138842   

 

Table 4.469 Comparing >2yrs burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <2yrs Uninjured 

Mean 5.306666667 5.905833333 

Variance 0.468866667 0.498051449 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 

-

1.905272021  

P(T<=t) one-tail 0.046603912  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.093207824  

t Critical two-tail 2.306004133   

 

Table 4.470 Comparing <2yrs burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs Uninjured 

Mean 0.474285714 0.223333333 

Variance 0.867961905 1.063460606 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 0.544243271  

P(T<=t) one-tail 0.297418307  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.594836615  

t Critical two-tail 2.144786681   

 

Table 4.471 Comparing interhemispheric diffs >2yrs with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <2yrs Uninjured 

Mean 0.133333333 0.223333333 

Variance 0.213466667 1.063460606 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 16  

t Stat -  
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0.255377478 

P(T<=t) one-tail 0.400842694  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.801685389  

t Critical two-tail 2.119905285   

 

Table 4.472 Comparing interhemispheric diffs <2yrs with uninjured (all) 

 

4.10.2.2 Y Coordinate 

 

Table 4.473 Less/uninjured arm vs burn arm; >2 yrs 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 0.715 0.571666667 

Variance 1.25383 1.271496667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.220934757  

P(T<=t) one-tail 0.414794489  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.829588979  

t Critical two-tail 2.228138842   

Table 4.474 Less/uninjured arm vs burn arm; <2 yrs  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>2yrs;burn 

arm  

<2yrs; burn 

arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/Uninjured 

arm  Burn arm 

Mean 1.118571429 0.921428571 

Variance 0.949780952 1.162180952 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 0.358911213  

P(T<=t) one-tail 0.36294855  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.725897099  

t Critical two-tail 2.178812827   
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Mean 0.921428571 0.571666667 

Variance 1.162180952 1.271496667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.568931459  

P(T<=t) one-tail 0.290416478  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.580832956  

t Critical two-tail 2.200985159   

Table 4.475 >2 yrs burn arm vs <2 yrs burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs <2yrs 

Mean 0.197142857 0.143333333 

Variance 1.745090476 0.829906667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.086428717  

P(T<=t) one-tail 0.466339399  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.932678798  

t Critical two-tail 2.200985159   

Table 4.476 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>2yrs;burn 

arm Uninjured 

Mean 0.921428571 0.8725 

Variance 1.162180952 1.077784783 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.106534361  

P(T<=t) one-tail 0.458632651  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.917265302  

t Critical two-tail 2.228138842   

 

Table 4.477 Comparing >2yrs burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 
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<2yrs;burn 

arm Uninjured 

Mean 0.571666667 0.8725 

Variance 1.271496667 1.077784783 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 

-

0.593619711  

P(T<=t) one-tail 0.285720813  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.571441625  

t Critical two-tail 2.364624251   

 

Table 4.478 Comparing <2yrs burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs Uninjured 

Mean 0.197142857 0.628333333 

Variance 1.745090476 0.683433333 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 

-

0.779166203  

P(T<=t) one-tail 0.227940095  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.455880189  

t Critical two-tail 2.262157158   

 

Table 4.479 Comparing interhemispheric diffs >2yrs with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <2yrs Uninjured 

Mean 0.143333333 0.628333333 

Variance 0.829906667 0.683433333 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 

-

1.097547583  

P(T<=t) one-tail 0.150448515  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.300897029  
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t Critical two-tail 2.262157158   

 

Table 4.480 Comparing interhemispheric diffs <2yrs with uninjured (all) 

 

4.10.3 TMS Map Area 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 22.55285714 21.98857143 

Variance 13.86609048 16.07124762 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 0.272861011  

P(T<=t) one-tail 0.39479947  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.78959894  

t Critical two-tail 2.178812827   

 

Table 4.481 Less/uninjured arm vs burn arm; >2yrs  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 27.665 21.30166667 

Variance 21.82199 22.25017667 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 2.347891902  

P(T<=t) one-tail 0.020393505  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.04078701  

t Critical two-tail 2.228138842   

 

Table 4.482 Less/uninjured arm vs burn arm; <2yrs 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>2yrs;burn 

arm  

<2yrs;burn 

arm 

Mean 21.98857143 21.30166667 

Variance 16.07124762 22.25017667 
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Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.280328306  

P(T<=t) one-tail 0.392469653  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.784939305  

t Critical two-tail 2.228138842   

 

Table 4.483 Comparing >2yrs burn arm with <2yrs burn arm 

 

• Comparing interhemispheric differences 

Wilcoxon rank sum test 

 

data:  greater2yrsmapdiffs and less2yrsmapdiffs  

W = 12, p-value = 0.2343 

alternative hypothesis: true location shift is not equal to 0 

• Comparing map area in burn arm in >2yrs burn patients with uninjured subjects 

Wilcoxon rank sum test with continuity correction 

 

data:  greater2yrsburnmap and uninjuredmapall  

W = 66, p-value = 0.3384 

alternative hypothesis: true location shift is not equal to 0 

• Comparing map area in burn arm in <2yrs burn patients with uninjured subjects 

Wilcoxon rank sum test with continuity correction 

 

data:  less2yrsburnmap and uninjuredmapall  

W = 50, p-value = 0.2205 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differences in map area; >2yrs burn patients with 

uninjured subjects 

Wilcoxon rank sum test 

 

data:  greater2yrsmapdiffs and uninjuredmapdiff  

W = 50, p-value = 0.5358 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differences in map area; <2yrs burn patients with 

uninjured subjects 

Wilcoxon rank sum test 

 

data:  less2yrsmapdiffs and uninjuredmapdiff  

W = 55, p-value = 0.08306 

alternative hypothesis: true location shift is not equal to 0 
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4.10.4 Average MEP Amplitude 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 5.183268986 4.388509507 

Variance 6.768459326 6.136340734 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 0.585341203  

P(T<=t) one-tail 0.284581259  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.569162518  

t Critical two-tail 2.178812827   

Table 4.484 Less/uninjured vs burn arm; >2 yrs 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 5.436648758 5.216051667 

Variance 6.099731387 6.016963234 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.155232741  

P(T<=t) one-tail 0.439863237  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.879726474  

t Critical two-tail 2.228138842   

 

Table 4.485 Less/uninjured arm vs burn arm; <2 yrs 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>2yrs;burn 

arm 

<2yrs;burn 

arm 

Mean 4.388509507 5.216051667 

Variance 6.136340734 6.016963234 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

0.603635886  

P(T<=t) one-tail 0.279164057  
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t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.558328115  

t Critical two-tail 2.200985159   

Table 4.486 Comparing >2yrs burn arm with <2 yrs burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs <2yrs 

Mean 0.794759479 0.220597092 

Variance 4.549383722 3.103374325 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.531463047  

P(T<=t) one-tail 0.302831875  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.60566375  

t Critical two-tail 2.200985159   

Table 4.487 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>2yrs;burn 

arm  Uninjured 

Mean 4.388509507 5.617268883 

Variance 6.136340734 5.621772764 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 

-

1.165834909  

P(T<=t) one-tail 0.136823238  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.273646476  

t Critical two-tail 2.262157158   

 

Table 4.488 Comparing >2yrs burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

<2yrs;burn 

arm Uninjured 

Mean 5.216051667 5.617268883 

Variance 6.016963234 5.621772764 

Observations 6 24 

Hypothesized Mean 

Difference 0  
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df 8  

t Stat 

-

0.360730463  

P(T<=t) one-tail 0.363820262  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.727640523  

t Critical two-tail 2.306004133   

 

Table 4.489 Comparing <2yrs burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs  Uninjured 

Mean 0.794759479 -0.50891234 

Variance 4.549383722 9.856971359 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 1.074765674  

P(T<=t) one-tail 0.149210471  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.298420942  

t Critical two-tail 2.119905285   

 

Table 4.490 Comparing interhemispheric diffs >2yrs with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <2yrs Uninjured 

Mean 0.220597092 -0.50891234 

Variance 3.103374325 9.856971359 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 0.630519426  

P(T<=t) one-tail 0.268628646  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.537257292  

t Critical two-tail 2.119905285   

 

Table 4.491 Comparing interhemispheric diffs <2yrs with uninjured (all) 

 

4.10.5 Threshold  

t-Test: Two-Sample Assuming Unequal Variances 
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Less/uninjured 

arm Burn arm 

Mean 53.71428571 58.28571429 

Variance 313.5714286 230.5714286 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 12  

t Stat -0.518494904  

P(T<=t) one-tail 0.306769995  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.613539989  

t Critical two-tail 2.178812827   

 

Table 4.492 Less/uninjured arm vs burn arm; >2 yrs 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 56.33333333 51.5 

Variance 40.66666667 360.7 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.59095134  

P(T<=t) one-tail 0.288060843  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.576121687  

t Critical two-tail 2.446911846   

 

Table 4.493 Less/uninjured arm vs burn arm; <2yrs 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>2yrs;burn 

arm 

<2yrs;burn 

arm 

Mean 58.28571429 51.5 

Variance 230.5714286 360.7 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.703436147  

P(T<=t) one-tail 0.248917357  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.497834713  

t Critical two-tail 2.228138842   
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Table 4.494 Comparing >2 yrs burn arm with <2yrs burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs <2yrs 

Mean 

-

4.571428571 4.833333333 

Variance 37.95238095 174.5666667 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 

-

1.600796898  

P(T<=t) one-tail 0.076727712  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.153455423  

t Critical two-tail 2.364624251   

 

Table 4.495 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>2yrs;burn 

arm Uninjured 

Mean 58.28571429 49.70833333 

Variance 230.5714286 108.2155797 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 1.401657123  

P(T<=t) one-tail 0.0993009  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.198601801  

t Critical two-tail 2.306004133   

 

Table 4.496 Comparing >2yrs burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

<2yrs; burn 

arm Uninjured 

Mean 51.5 49.70833333 

Variance 360.7 108.2155797 

Observations 6 24 

Hypothesized Mean 

Difference 0  
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df 6  

t Stat 0.222871612  

P(T<=t) one-tail 0.415514485  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.83102897  

t Critical two-tail 2.446911846   

 

Table 4.497 Comparing <2yrs burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs Uninjured 

Mean 

-

4.571428571 

-

0.083333333 

Variance 37.95238095 24.62878788 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 11  

t Stat -1.64165028  

P(T<=t) one-tail 0.064457534  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.128915069  

t Critical two-tail 2.200985159   

 

Table 4.498 Comparing interhemispheric diffs >2yrs with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <2yrs Uninjured 

Mean 4.833333333 

-

0.083333333 

Variance 174.5666667 24.62878788 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.880975327  

P(T<=t) one-tail 0.206113185  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.41222637  

t Critical two-tail 2.446911846   

 

Table 4.499 Comparing interhemispheric diffs <2yrs with uninjured (all) 

 

4.10.6 Silent Period 

t-Test: Two-Sample Assuming Unequal Variances 
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Less/uninjured 

arm Burn arm 

Mean 130.8500043 152.9035751 

Variance 1085.695195 1699.861014 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 11  

t Stat -1.105533676  

P(T<=t) one-tail 0.146260869  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.292521739  

t Critical two-tail 2.200985159   

 

Table 4.500 Less/uninjured arm vs burn arm; >2 yrs 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 134.64542 110.2541697 

Variance 352.6960114 731.0766797 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 1.814849378  

P(T<=t) one-tail 0.051470309  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.102940618  

t Critical two-tail 2.262157158   

 

Table 4.501 Less/uninjured arm vs burn arm; <2yrs 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>2yrs;burn 

arm 

<2yrs;burn 

arm 

Mean 152.9035751 110.2541697 

Variance 1699.861014 731.0766797 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 2.233340715  

P(T<=t) one-tail 0.024780456  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.049560911  
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t Critical two-tail 2.228138842   

 

Table 4.502 Comparing >2 yrs burn arm with <2yrs burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs <2yrs 

Mean 

-

22.05357086 24.39125033 

Variance 750.9804956 339.8476377 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

3.627569632  

P(T<=t) one-tail 0.002315592  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.004631185  

t Critical two-tail 2.228138842   

 

Table 4.503 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>2yrs;burn 

arm Uninjured 

Mean 152.9035751 148.875525 

Variance 1699.861014 1053.991171 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 0.237870417  

P(T<=t) one-tail 0.408980356  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.817960711  

t Critical two-tail 2.306004133   

 

Table 4.504 Comparing >2yrs burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

<2yrs; burn 

arm Uninjured 

Mean 110.2541697 148.875525 

Variance 731.0766797 1053.991171 

Observations 6 24 

Hypothesized Mean 0  
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Difference 

df 9  

t Stat 

-

2.999745993  

P(T<=t) one-tail 0.007481263  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.014962525  

t Critical two-tail 2.262157158   

 

Table 4.505 Comparing <2yrs burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs Uninjured 

Mean 

-

22.05357086 

-

2.653119917 

Variance 750.9804956 1388.447819 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 

-

1.299188409  

P(T<=t) one-tail 0.106144748  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.212289496  

t Critical two-tail 2.119905285   

 

Table 4.506 Comparing interhemispheric diffs >2yrs with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <2yrs Uninjured 

Mean 24.39125033 

-

2.653119917 

Variance 339.8476377 1388.447819 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 2.060047356  

P(T<=t) one-tail 0.028022561  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.056045122  

t Critical two-tail 2.119905285   

 

Table 4.507 Comparing interhemispheric diffs <2yrs with uninjured (all) 
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4.10.7 Latency 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 22.42857214 21.582144 

Variance 3.18217113 1.227229824 

Observations 7 7 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 1.066471659  

P(T<=t) one-tail 0.155640544  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.311281088  

t Critical two-tail 2.228138842   

 

Table 4.508 Less/uninjured arm vs burn arm; >2 yrs 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm  

Mean 22.80291742 21.97083492 

Variance 3.599928924 5.461288573 

Observations 6 6 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.677093642  

P(T<=t) one-tail 0.256852246  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.513704493  

t Critical two-tail 2.228138842   

 

Table 4.509 Less/uninjured arm vs burn arm; <2yrs 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>2yrs;burn 

arm  

<2yrs;burn 

arm 

Mean 21.582144 21.97083492 

Variance 1.227229824 5.461288573 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 

-

0.373063547  
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P(T<=t) one-tail 0.360070814  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.720141628  

t Critical two-tail 2.364624251   

 

Table 4.510 Comparing >2 yrs burn arm with <2yrs burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs <2yrs 

Mean 0.846428143 0.8320825 

Variance 2.98238059 1.488061257 

Observations 7 6 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.017473072  

P(T<=t) one-tail 0.493186059  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.986372118  

t Critical two-tail 2.200985159   

 

Table 4.511 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

>2yrs;burn 

arm Uninjured 

Mean 21.582144 22.16250133 

Variance 1.227229824 3.028967113 

Observations 7 24 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 

-

1.056898902  

P(T<=t) one-tail 0.153127583  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.306255166  

t Critical two-tail 2.119905285   

 

 

Table 4.512 Comparing >2yrs burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

<2yrs;burn 

arm Uninjured 

Mean 21.97083492 22.16250133 
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Variance 5.461288573 3.028967113 

Observations 6 24 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 

-

0.188268546  

P(T<=t) one-tail 0.428436147  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.856872295  

t Critical two-tail 2.446911846   

 

Table 4.513 Comparing <2yrs burn arm with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  >2yrs Uninjured 

Mean 0.846428143 

-

0.012500333 

Variance 2.98238059 0.663693109 

Observations 7 12 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 1.238001131  

P(T<=t) one-tail 0.125406611  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.250813223  

t Critical two-tail 2.306004133   

 

Table 4.514 Comparing interhemispheric diffs >2yrs with uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  <2yrs Uninjured 

Mean 0.8320825 

-

0.012500333 

Variance 1.488061257 0.663693109 

Observations 6 12 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 1.533533192  

P(T<=t) one-tail 0.084506351  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.169012701  

t Critical two-tail 2.364624251   

 

Table 4.515 Comparing interhemispheric diffs <2yrs with uninjured (all) 
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4.11 Sensory deficit vs no sensory deficit 

 

4.11.1 Optimal site location 

4.11.1.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 5.572 5.064 

Variance 2.31337 1.16763 

Observations 5 5 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 0.608830923  

P(T<=t) one-tail 0.280932901  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.561865802  

t Critical two-tail 2.364624251   

 

Table 4.516 Less/uninjured arm vs burn arm; sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 5.31 4.715 

Variance 0.5618 0.96605 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.680756198  

P(T<=t) one-tail 0.283133943  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.566267886  

t Critical two-tail 4.30265273   

 

Table 4.517 Less/uninjured arm vs burn arm; no sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit;burn 

arm 

No sensory 

deficit;burn 

arm 

Mean 5.064 4.715 
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Variance 1.16763 0.96605 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.41228912  

P(T<=t) one-tail 0.360059384  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.720118768  

t Critical two-tail 4.30265273   

 

Table 4.518 Comparing sensory deficit burn arm with no sensory deficit burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit 

No 

Sensory 

deficit  

Mean 0.508 0.595 

Variance 0.93147 0.05445 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

0.188278613  

P(T<=t) one-tail 0.429030623  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.858061246  

t Critical two-tail 2.570581835   

 

Table 4.519 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit;burn 

arm Uninjured 

Mean 5.064 5.897083333 

Variance 1.16763 0.725604167 

Observations 5 24 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

1.622125251  

P(T<=t) one-tail 0.082851702  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.165703404  



 213 

t Critical two-tail 2.570581835   

 

Table 4.520 Comparing burn arm sensory deficit vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No sensory 

deficit;burn 

arm  Uninjured 

Mean 4.715 5.897083333 

Variance 0.96605 0.725604167 

Observations 2 24 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

1.649985076  

P(T<=t) one-tail 0.173436847  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.346873694  

t Critical two-tail 12.70620473   

 

Table 4.521 Comparing burn arm no sensory deficit vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit  Uninjured 

Mean 0.508 0.235833333 

Variance 0.93147 1.544553788 

Observations 5 12 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 0.484925429  

P(T<=t) one-tail 0.319088128  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.638176256  

t Critical two-tail 2.228138842   

 

Table 4.522 Comparing interhemispheric differences; sensory deficit vs uninjured 

(all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No sensory 

deficit Uninjured 

Mean 0.595 0.235833333 

Variance 0.05445 1.544553788 
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Observations 2 12 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.909536853  

P(T<=t) one-tail 0.191281731  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.382563463  

t Critical two-tail 2.200985159   

 

Table 4.523 Comparing interhemispheric differences; no sensory deficit vs 

uninjured (all) 

 

4.11.1.2 Y Coordinate  

t-Test: Two-Sample Assuming Unequal Variances 

   

  Less/uninjured 

Burn 

arm 

Mean 0.882 1.41 

Variance 1.21547 1.5008 

Observations 5 5 

Hypothesized Mean 

Difference 0  

df 8  

t Stat -0.716361861  

P(T<=t) one-tail 0.247072987  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.494145974  

t Critical two-tail 2.306004133   

 

Table 4.524 Less/uninjured arm vs burn arm; sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  

Burn 

arm 

Mean 1.64 0.59 

Variance 0.72 0.7938 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 1.206896552  

P(T<=t) one-tail 0.175424651  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.350849302  
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t Critical two-tail 4.30265273   

 

Table 4.525 Less/uninjured arm vs burn arm; no sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit;burn 

arm 

No sensory 

deficit;burn 

arm 

Mean 1.41 0.59 

Variance 1.5008 0.7938 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.982152149  

P(T<=t) one-tail 0.199224149  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.398448297  

t Critical two-tail 3.182446305   

 

Table 4.526 Comparing sensory deficit burn arm with no sensory deficit burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit 

No 

sensory 

deficit 

Mean -0.528 1.05 

Variance 1.78027 3.0258 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 

-

1.154270756  

P(T<=t) one-tail 0.18384287  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.367685741  

t Critical two-tail 4.30265273   

 

Table 4.527 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit;burn 

arm Uninjured 

Mean 1.41 0.995833333 
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Variance 1.5008 1.201207971 

Observations 5 24 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.699859183  

P(T<=t) one-tail 0.257614858  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.515229716  

t Critical two-tail 2.570581835   

 

Table 4.528 Comparing burn arm sensory deficit vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No sensory 

deficit;burn 

arm Uninjured 

Mean 0.59 0.995833333 

Variance 0.7938 1.201207971 

Observations 2 24 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

0.607041082  

P(T<=t) one-tail 0.326336273  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.652672547  

t Critical two-tail 12.70620473   

 

Table 4.529 Comparing burn arm no sensory deficit vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit Uninjured 

Mean -0.528 0.4 

Variance 1.78027 1.2466 

Observations 5 12 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 

-

1.368354563  

P(T<=t) one-tail 0.110112631  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.220225262  

t Critical two-tail 2.446911846   



 217 

 

Table 4.530 Comparing interhemispheric differences; sensory deficit vs uninjured 

(all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No sensory 

deficit Uninjured 

Mean 1.05 0.4 

Variance 3.0258 1.2466 

Observations 2 12 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 0.511195998  

P(T<=t) one-tail 0.349578131  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.699156263  

t Critical two-tail 12.70620473   

 

Table 4.531 Comparing interhemispheric differences; no sensory deficit vs 

uninjured (all) 

 

4.11.2 Centre of Gravity Location 

4.11.2.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 5.77 5.104 

Variance 2.0245 0.76513 

Observations 5 5 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 0.89163258  

P(T<=t) one-tail 0.201098665  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.402197329  

t Critical two-tail 2.364624251   

 

Table 4.532 Less/uninjured arm vs burn arm; sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 
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Less/uninjured 

arm  

Burn 

arm 

Mean 5.28 5.035 

Variance 0.1352 0.41405 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.467515538  

P(T<=t) one-tail 0.343061532  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.686123064  

t Critical two-tail 4.30265273   

 

Table 4.533 Less/uninjured arm vs burn arm; no sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit;burn 

arm 

No sensory 

deficit;burn 

arm 

Mean 5.104 5.035 

Variance 0.76513 0.41405 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.114991855  

P(T<=t) one-tail 0.457858151  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.915716301  

t Critical two-tail 3.182446305   

 

Table 4.534 Comparing sensory deficit burn arm with no sensory deficit burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit 

No 

sensory 

deficit 

Mean 0.666 0.245 

Variance 1.24963 0.07605 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.784553927  

P(T<=t) one-tail 0.234119175  

t Critical one-tail 2.015048372  
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P(T<=t) two-tail 0.468238349  

t Critical two-tail 2.570581835   

 

Table 4.535 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit;burn 

arm  Uninjured 

Mean 5.104 5.905833333 

Variance 0.76513 0.498051449 

Observations 5 24 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

1.923474927  

P(T<=t) one-tail 0.056213338  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.112426676  

t Critical two-tail 2.570581835   

 

Table 4.536 Comparing burn arm sensory deficit vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No sensory 

deficit;burn 

arm Uninjured 

Mean 5.035 5.905833333 

Variance 0.41405 0.498051449 

Observations 2 24 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

1.824651687  

P(T<=t) one-tail 0.159582976  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.319165953  

t Critical two-tail 12.70620473   

 

Table 4.537 Comparing burn arm no sensory deficit vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit Uninjured 
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Mean 0.666 0.223333333 

Variance 1.24963 1.063460606 

Observations 5 12 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 0.760793644  

P(T<=t) one-tail 0.235812681  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.471625362  

t Critical two-tail 2.364624251   

 

Table 4.538 Comparing interhemispheric differences; sensory deficit vs uninjured 

(all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No sensory 

deficit Uninjured 

Mean 0.245 0.223333333 

Variance 0.07605 1.063460606 

Observations 2 12 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 0.060882872  

P(T<=t) one-tail 0.476577151  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.953154301  

t Critical two-tail 2.364624251   

 

Table 4.539 Comparing interhemispheric differences; no sensory deficit vs 

uninjured (all) 

 

4.11.2.2 Y Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 0.812 1.178 

Variance 1.38397 1.50172 

Observations 5 5 

Hypothesized Mean 

Difference 0  

df 8  

t Stat -0.481771661  
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P(T<=t) one-tail 0.321435669  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.642871338  

t Critical two-tail 2.306004133   

 

Table 4.540 Less/uninjured arm vs burn arm; sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 1.51 0.455 

Variance 0.4418 0.34445 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 1.68262419  

P(T<=t) one-tail 0.117238244  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.234476488  

t Critical two-tail 4.30265273   

 

Table 4.541 Less/uninjured arm vs burn arm; no sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit;burn 

arm  

No sensory 

deficit;burn 

arm 

Mean 1.178 0.455 

Variance 1.50172 0.34445 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 1.051733441  

P(T<=t) one-tail 0.176130423  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.352260845  

t Critical two-tail 2.776445105   

 

Table 4.542 Comparing sensory deficit burn arm with no sensory deficit burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit  

No 

sensory 
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deficit 

Mean -0.366 1.055 

Variance 1.96058 1.56645 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 

-

1.310726666  

P(T<=t) one-tail 0.160118763  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.320237525  

t Critical two-tail 4.30265273   

 

Table 4.543 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit;burn 

arm Uninjured 

Mean 1.178 0.8725 

Variance 1.50172 1.077784783 

Observations 5 24 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.519928115  

P(T<=t) one-tail 0.312652146  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.625304293  

t Critical two-tail 2.570581835   

 

Table 4.544 Comparing burn arm sensory deficit vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No sensory 

deficit;burn 

arm Uninjured 

Mean 0.455 0.8725 

Variance 0.34445 1.077784783 

Observations 2 24 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 

-

0.895970817  

P(T<=t) one-tail 0.23240954  
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t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.46481908  

t Critical two-tail 4.30265273   

 

Table 4.545 Comparing burn arm no sensory deficit vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit  Uninjured 

Mean -0.366 0.628333333 

Variance 1.96058 0.683433333 

Observations 5 12 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

1.483800688  

P(T<=t) one-tail 0.098989324  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.197978648  

t Critical two-tail 2.570581835   

 

Table 4.546 Comparing interhemispheric differences; sensory deficit vs uninjured 

(all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No sensory 

deficit  Uninjured 

Mean 1.055 0.628333333 

Variance 1.56645 0.683433333 

Observations 2 12 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 0.465482244  

P(T<=t) one-tail 0.36132699  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.72265398  

t Critical two-tail 12.70620473   

 

Table 4.547 Comparing interhemispheric differences; no sensory deficit vs 

uninjured (all) 
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4.11.3 TMS Map Area 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 22.48 20.44 

Variance 4.9756 13.37485 

Observations 5 5 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 1.064858275  

P(T<=t) one-tail 0.161143239  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.322286477  

t Critical two-tail 2.364624251   

 

Table 4.548 Less/uninjured arm vs burn arm; sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 21.485 25.11 

Variance 45.03005 16.245 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat -0.654909321  

P(T<=t) one-tail 0.289890445  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.57978089  

t Critical two-tail 4.30265273   

 

Table 4.549 Less/uninjured arm vs burn arm; no sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit;burn 

arm  

No sensory 

deficit;burn 

arm 

Mean 20.44 25.11 

Variance 13.37485 16.245 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat -  



 225 

1.421202221 

P(T<=t) one-tail 0.145576257  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.291152513  

t Critical two-tail 4.30265273   

 

Table 4.550 Comparing sensory deficit burn arm with no sensory deficit burn arm 

• Comparing interhemispheric differences; sensory deficit vs no sensory deficit 

Wilcoxon rank sum test 

 

data:  sensdefmapdiffs and nosensdefmapdiffs  

W = 10, p-value = 0.09524 

alternative hypothesis: true location shift is not equal to 0 

• Comparing sensory deficit burn arm with uninjured (all) 

Wilcoxon rank sum test with continuity correction 

 

data:  sensdefburnmap and uninjuredmapall  

W = 35, p-value = 0.1329 

alternative hypothesis: true location shift is not equal to 0 

• Comparing no sensory deficit burn arm with uninjured (all) 

 

 Wilcoxon rank sum test with continuity correction 

 

data:  nosensdefburnmap and uninjuredmapall  

W = 26, p-value = 0.963 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differences; sensory deficit vs uninjured 

Wilcoxon rank sum test 

 

data:  sensdefmapdiffs and uninjuredmapdiff  

W = 40, p-value = 0.3284 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differences; no sensory deficit vs uninjured 

Wilcoxon rank sum test 

 

data:  nosensdefmapdiffs and uninjuredmapdiff  

W = 11, p-value = 0.923 

alternative hypothesis: true location shift is not equal to 0 

4.11.4 Average MEP Amplitude 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 5.7709274 4.3424149 

Variance 8.403001283 5.834277262 
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Observations 5 5 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 0.846555735  

P(T<=t) one-tail 0.21092119  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.421842379  

t Critical two-tail 2.306004133   

 

Table 4.551 Less/uninjured arm vs burn arm; sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 4.508781625 4.667491875 

Variance 3.441628117 12.60416687 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat -0.056032417  

P(T<=t) one-tail 0.48020508  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.96041016  

t Critical two-tail 4.30265273   

 

Table 4.552 Less/uninjured arm vs burn arm; no sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit;burn 

arm 

No sensory 

deficit;burn 

arm 

Mean 4.3424149 4.667491875 

Variance 5.834277262 12.60416687 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

0.118947894  

P(T<=t) one-tail 0.462314775  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.92462955  

t Critical two-tail 12.70620473   

 

Table 4.553 Comparing sensory deficit burn arm with no sensory deficit burn arm 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit 

No sensory 

deficit 

Mean 1.4285125 -0.15871025 

Variance 5.650810037 2.873269777 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.990699918  

P(T<=t) one-tail 0.197432841  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.394865681  

t Critical two-tail 3.182446305   

 

Table 4.554 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit;burn 

arm Uninjured 

Mean 4.3424149 5.617268883 

Variance 5.834277262 5.621772764 

Observations 5 24 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 

-

1.077026777  

P(T<=t) one-tail 0.161427441  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.322854883  

t Critical two-tail 2.446911846   

 

Table 4.555 Comparing burn arm sensory deficit vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No sensory 

deficit;burn 

arm Uninjured 

Mean 4.667491875 5.617268883 

Variance 12.60416687 5.621772764 

Observations 2 24 

Hypothesized Mean 

Difference 0  

df 1  
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t Stat -0.37149662  

P(T<=t) one-tail 0.386778548  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.773557096  

t Critical two-tail 12.70620473   

 

Table 4.556 Comparing burn arm no sensory deficit vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit  Uninjured 

Mean 1.4285125 -0.50891234 

Variance 5.650810037 9.856971359 

Observations 5 12 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 1.386858323  

P(T<=t) one-tail 0.097809632  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.195619264  

t Critical two-tail 2.228138842   

 

Table 4.557 Comparing interhemispheric differences; sensory deficit vs uninjured 

(all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No sensory 

deficit Uninjured 

Mean -0.15871025 -0.50891234 

Variance 2.873269777 9.856971359 

Observations 2 12 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.233051572  

P(T<=t) one-tail 0.41870034  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.83740068  

t Critical two-tail 4.30265273   

 

Table 4.558 Comparing interhemispheric differences; no sensory deficit vs 

uninjured (all) 
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4.11.5 Threshold  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 59.2 62.6 

Variance 368.7 281.3 

Observations 5 5 

Hypothesized Mean 

Difference 0  

df 8  

t Stat -0.298199727  

P(T<=t) one-tail 0.386574424  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.773148849  

t Critical two-tail 2.306004133   

 

Table 4.559 Less/uninjured arm vs burn arm; sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  

Burn 

arm 

Mean 50 50 

Variance 200 50 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 0  

P(T<=t) one-tail 0.5  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 1  

t Critical two-tail 12.70620473   

 

Table 4.560 Less/uninjured arm vs burn arm; no sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit;burn 

arm  

No sensory 

deficit;burn 

arm 

Mean 62.6 50 

Variance 281.3 50 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 5  
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t Stat 1.397758481  

P(T<=t) one-tail 0.110517837  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.221035675  

t Critical two-tail 2.570581835   

 

Table 4.561 Comparing sensory deficit burn arm with no sensory deficit burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit  

No 

sensory 

deficit 

Mean -3.4 0 

Variance 10.3 50 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

0.653604481  

P(T<=t) one-tail 0.31572883  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.63145766  

t Critical two-tail 12.70620473   

 

Table 4.562 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit;burn 

arm Uninjured 

Mean 62.6 49.70833333 

Variance 281.3 108.2155797 

Observations 5 24 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 1.653743253  

P(T<=t) one-tail 0.079543133  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.159086266  

t Critical two-tail 2.570581835   

 

Table 4.563 Comparing burn arm sensory deficit vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 
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No sensory 

deficit;burn 

arm Uninjured 

Mean 50 49.70833333 

Variance 50 108.2155797 

Observations 2 24 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 0.053692012  

P(T<=t) one-tail 0.482925697  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.965851393  

t Critical two-tail 12.70620473   

 

Table 4.564 Comparing burn arm no sensory deficit vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit Uninjured 

Mean -3.4 

-

0.083333333 

Variance 10.3 24.62878788 

Observations 5 12 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 

-

1.635513767  

P(T<=t) one-tail 0.063940999  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.127881999  

t Critical two-tail 2.178812827   

 

Table 4.565 Comparing interhemispheric differences; sensory deficit vs uninjured 

(all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No sensory 

deficit Uninjured 

Mean 0 

-

0.083333333 

Variance 50 24.62878788 

Observations 2 12 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 0.016021968  
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P(T<=t) one-tail 0.494900485  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.989800971  

t Critical two-tail 12.70620473   

 

Table 4.566 Comparing interhemispheric differences; no sensory deficit vs 

uninjured (all) 

 

4.11.6 Silent Period 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 127.040008 156.7750092 

Variance 1586.342086 2353.606514 

Observations 5 5 

Hypothesized Mean 

Difference 0  

df 8  

t Stat -1.059272468  

P(T<=t) one-tail 0.160203737  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.320407473  

t Critical two-tail 2.306004133   

 

Table 4.567 Less/uninjured arm vs burn arm; sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 131.775 129.2125 

Variance 24.85125 133.2528125 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 0.28820888  

P(T<=t) one-tail 0.410680827  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.821361653  

t Critical two-tail 12.70620473   

 

Table 4.568 Less/uninjured arm vs burn arm; no sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 
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Sensory 

deficit;burn 

arm 

No sensory 

deficit;burn 

arm 

Mean 156.7750092 129.2125 

Variance 2353.606514 133.2528125 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 1.189025178  

P(T<=t) one-tail 0.143907291  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.287814582  

t Critical two-tail 2.570581835   

 

Table 4.569 Comparing sensory deficit burn arm with no sensory deficit burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit 

No sensory 

deficit 

Mean -29.7350012 2.5625 

Variance 802.6704297 43.0128125 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

2.393783794  

P(T<=t) one-tail 0.031048156  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.062096313  

t Critical two-tail 2.570581835   

 

Table 4.570 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit;burn 

arm Uninjured 

Mean 156.7750092 148.875525 

Variance 2353.606514 1053.991171 

Observations 5 24 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.348215401  
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P(T<=t) one-tail 0.370930026  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.741860052  

t Critical two-tail 2.570581835   

 

Table 4.571 Comparing burn arm sensory deficit vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No sensory 

deficit;burn 

arm Uninjured 

Mean 129.2125 148.875525 

Variance 133.2528125 1053.991171 

Observations 2 24 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

1.870188096  

P(T<=t) one-tail 0.079112008  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.158224016  

t Critical two-tail 3.182446305   

 

Table 4.572 Comparing burn arm no sensory deficit vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit  Uninjured 

Mean -29.7350012 

-

2.653119917 

Variance 802.6704297 1388.447819 

Observations 5 12 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

1.629435087  

P(T<=t) one-tail 0.067138038  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.134276076  

t Critical two-tail 2.228138842   

 

Table 4.573 Comparing interhemispheric differences; sensory deficit vs uninjured 

(all) 

t-Test: Two-Sample Assuming Unequal Variances 
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No sensory 

deficit Uninjured 

Mean 2.5625 

-

2.653119917 

Variance 43.0128125 1388.447819 

Observations 2 12 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 0.44525872  

P(T<=t) one-tail 0.332383965  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.664767931  

t Critical two-tail 2.200985159   

 

Table 4.574 Comparing interhemispheric differences; no sensory deficit vs 

uninjured (all) 

 

4.11.7 Latency 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 23.0650006 21.2350012 

Variance 2.382374515 1.052372458 

Observations 5 5 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 2.207946647  

P(T<=t) one-tail 0.031493923  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.062987847  

t Critical two-tail 2.364624251   

 

Table 4.575 Less/uninjured arm vs burn arm; sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 20.762501 21.9375015 

Variance 2.15280835 5.362802675 

Observations 2 2 

Hypothesized Mean 0  
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Difference 

df 2  

t Stat -0.606137149  

P(T<=t) one-tail 0.303027826  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.606055652  

t Critical two-tail 4.30265273   

 

Table 4.576 Less/uninjured arm vs burn arm; no sensory deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit;burn 

arm 

No sensory 

deficit;burn 

arm 

Mean 21.2350012 21.9375015 

Variance 1.052372458 5.362802675 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

0.413101425  

P(T<=t) one-tail 0.37530228  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.750604561  

t Critical two-tail 12.70620473   

 

Table 4.577 Comparing sensory deficit burn arm with no sensory deficit burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit 

No 

sensory 

deficit 

Mean 1.8299994 

-

1.1750005 

Variance 1.452936158 0.7199988 

Observations 5 2 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 3.725562851  

P(T<=t) one-tail 0.01683883  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.03367766  

t Critical two-tail 3.182446305   

 

Table 4.578 Comparing interhemispheric differences 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit;burn 

arm Uninjured 

Mean 21.2350012 22.16250133 

Variance 1.052372458 3.028967113 

Observations 5 24 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

1.598469608  

P(T<=t) one-tail 0.070511052  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.141022103  

t Critical two-tail 2.228138842   

 

Table 4.579 Comparing burn arm sensory deficit vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No sensory 

deficit;burn 

arm Uninjured 

Mean 21.9375015 22.16250133 

Variance 5.362802675 3.028967113 

Observations 2 24 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

0.134280805  

P(T<=t) one-tail 0.457511252  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.915022504  

t Critical two-tail 12.70620473   

 

Table 4.580 Comparing burn arm no sensory deficit vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Sensory 

deficit Uninjured 

Mean 1.8299994 

-

0.012500333 

Variance 1.452936158 0.663693109 

Observations 5 12 

Hypothesized Mean 

Difference 0  
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df 6  

t Stat 3.132818953  

P(T<=t) one-tail 0.010125944  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.020251887  

t Critical two-tail 2.446911846   

 

Table 4.581 Comparing interhemispheric differences; sensory deficit vs uninjured 

(all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No sensory 

deficit Uninjured 

Mean -1.1750005 

-

0.012500333 

Variance 0.7199988 0.663693109 

Observations 2 12 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

1.803882789  

P(T<=t) one-tail 0.161123454  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.322246908  

t Critical two-tail 12.70620473   

 

Table 4.582 Comparing interhemispheric differences; no sensory deficit vs 

uninjured (all) 

4.12 Surgery vs no surgery.  

 

4.12.1 Optimal site location 

4.12.1.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 5.71 5.271 

Variance 1.337266667 0.73921 

Observations 10 10 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 0.963387468  
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P(T<=t) one-tail 0.174428958  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.348857915  

t Critical two-tail 2.109815559   

 

Table 4.583 Less/uninjured arm vs burn arm; surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 4.903333333 5.04 

Variance 0.225833333 0.6628 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat -0.251108798  

P(T<=t) one-tail 0.408973605  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.81794721  

t Critical two-tail 3.182446305   

 

Table 4.584 Less/uninjured arm vs burn arm; no surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Surgery;burn 

arm 

No 

surgery;burn 

arm 

Mean 5.271 5.04 

Variance 0.73921 0.6628 

Observations 10 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.425410517  

P(T<=t) one-tail 0.34960466  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.69920932  

t Critical two-tail 3.182446305   

 

Table 4.585 Comparing surgery burn arm with no surgery burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery No surgery 

Mean 0.439 -
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0.136666667 

Variance 0.434832222 0.902633333 

Observations 10 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.980988921  

P(T<=t) one-tail 0.199469096  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.398938193  

t Critical two-tail 3.182446305   

 

Table 4.586 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Surgery;burn 

arm Uninjured 

Mean 5.271 5.897083333 

Variance 0.73921 0.725604167 

Observations 10 24 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 

-

1.939961491  

P(T<=t) one-tail 0.034579707  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.069159414  

t Critical two-tail 2.109815559   

 

Table 4.587 Comparing burn arm surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No 

surgery;burn 

arm Uninjured 

Mean 5.04 5.897083333 

Variance 0.6628 0.725604167 

Observations 3 24 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

1.710180298  

P(T<=t) one-tail 0.092880288  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.185760575  
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t Critical two-tail 3.182446305   

 

Table 4.588 Comparing burn arm no surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery Uninjured 

Mean 0.439 0.235833333 

Variance 0.434832222 1.544553788 

Observations 10 12 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 0.489599401  

P(T<=t) one-tail 0.315337569  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.630675137  

t Critical two-tail 2.109815559   

 

Table 4.589 Comparing interhemispheric differences; surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  No surgery  Uninjured 

Mean 

-

0.136666667 0.235833333 

Variance 0.902633333 1.544553788 

Observations 3 12 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

0.568327794  

P(T<=t) one-tail 0.300099207  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.600198414  

t Critical two-tail 2.776445105   

 

Table 4.590 Comparing interhemispheric differences; no surgery vs uninjured (all) 

 

4.12.1.2 Y Coordinate  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 0.88 0.809 
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Variance 1.009111111 1.499498889 

Observations 10 10 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 0.141756106  

P(T<=t) one-tail 0.444469513  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.888939026  

t Critical two-tail 2.109815559   

 

Table 4.591 Less/uninjured arm vs burn arm; surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 1.263333333 1.133333333 

Variance 2.020233333 0.266533333 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.148899436  

P(T<=t) one-tail 0.445539486  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.891078972  

t Critical two-tail 3.182446305   

 

Table 4.592 Less/uninjured arm vs burn arm; no surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Surgery;burn 

arm 

No 

surgery;burn 

arm 

Mean 0.809 1.133333333 

Variance 1.499498889 0.266533333 

Observations 10 3 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 

-

0.663711859  

P(T<=t) one-tail 0.261755415  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.523510829  

t Critical two-tail 2.262157158   
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Table 4.593 Comparing surgery burn arm with no surgery burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery 

No 

surgery 

Mean 0.071 0.13 

Variance 1.578476667 1.9189 

Observations 10 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.066068103  

P(T<=t) one-tail 0.475740021  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.951480042  

t Critical two-tail 3.182446305   

 

Table 4.594 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Surgery;burn 

arm Uninjured 

Mean 0.809 0.995833333 

Variance 1.499498889 1.201207971 

Observations 10 24 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 

-

0.417771803  

P(T<=t) one-tail 0.341016399  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.682032799  

t Critical two-tail 2.131449536   

 

Table 4.595 Comparing burn arm surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No 

surgery;burn 

arm Uninjured 

Mean 1.133333333 0.995833333 

Variance 0.266533333 1.201207971 

Observations 3 24 

Hypothesized Mean 

Difference 0  
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df 5  

t Stat 0.368943396  

P(T<=t) one-tail 0.363638764  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.727277528  

t Critical two-tail 2.570581835   

 

Table 4.596 Comparing burn arm no surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery Uninjured 

Mean 0.071 0.4 

Variance 1.578476667 1.2466 

Observations 10 12 

Hypothesized Mean 

Difference 0  

df 18  

t Stat 

-

0.643084905  

P(T<=t) one-tail 0.264138551  

t Critical one-tail 1.734063592  

P(T<=t) two-tail 0.528277101  

t Critical two-tail 2.100922037   

 

Table 4.597 Comparing interhemispheric differences; surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  No surgery Uninjured 

Mean 0.13 0.4 

Variance 1.9189 1.2466 

Observations 3 12 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.313125481  

P(T<=t) one-tail 0.387346004  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.774692009  

t Critical two-tail 3.182446305   

 

Table 4.598 Comparing interhemispheric differences; no surgery vs uninjured (all) 
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4.12.2 Centre of Gravity Location 

4.12.2.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 5.724 5.34 

Variance 1.11396 0.44 

Observations 10 10 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 0.974117413  

P(T<=t) one-tail 0.17272332  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.34544664  

t Critical two-tail 2.131449536   

 

Table 4.599 Less/uninjured arm vs burn arm; surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 5.23 5.136666667 

Variance 0.0049 0.592433333 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.209165007  

P(T<=t) one-tail 0.426844809  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.853689618  

t Critical two-tail 4.30265273   

 

Table 4.600 Less/uninjured arm vs burn arm; no surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Surgery;burn 

arm 

No 

surgery;burn 

arm 

Mean 5.34 5.136666667 

Variance 0.44 0.592433333 

Observations 10 3 

Hypothesized Mean 0  
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Difference 

df 3  

t Stat 0.413780476  

P(T<=t) one-tail 0.353418511  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.706837022  

t Critical two-tail 3.182446305   

 

Table 4.601 Comparing surgery burn arm with no surgery burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery No surgery 

Mean 0.384 0.093333333 

Variance 0.607737778 0.493033333 

Observations 10 3 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 0.612618214  

P(T<=t) one-tail 0.286622465  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.57324493  

t Critical two-tail 2.776445105   

 

Table 4.602 Comparing interhemispheric differences 

 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Surgery;burn 

arm Uninjured 

Mean 5.34 5.905833333 

Variance 0.44 0.498051449 

Observations 10 24 

Hypothesized Mean 

Difference 0  

df 18  

t Stat 

-

2.223624512  

P(T<=t) one-tail 0.019607302  

t Critical one-tail 1.734063592  

P(T<=t) two-tail 0.039214603  

t Critical two-tail 2.100922037   

 

Table 4.603 Comparing burn arm surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 
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No 

surgery;burn 

arm  Uninjured 

Mean 5.136666667 5.905833333 

Variance 0.592433333 0.498051449 

Observations 3 24 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 

-

1.646505959  

P(T<=t) one-tail 0.120704583  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.241409166  

t Critical two-tail 4.30265273   

 

Table 4.604 Comparing burn arm no surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery Uninjured 

Mean 0.384 0.223333333 

Variance 0.607737778 1.063460606 

Observations 10 12 

Hypothesized Mean 

Difference 0  

df 20  

t Stat 0.415677993  

P(T<=t) one-tail 0.341035862  

t Critical one-tail 1.724718218  

P(T<=t) two-tail 0.682071723  

t Critical two-tail 2.085963441   

 

Table 4.605 Comparing interhemispheric differences; surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  No surgery Uninjured 

Mean 0.093333333 0.223333333 

Variance 0.493033333 1.063460606 

Observations 3 12 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

0.258471187  

P(T<=t) one-tail 0.40317291  

t Critical one-tail 2.015048372  
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P(T<=t) two-tail 0.80634582  

t Critical two-tail 2.570581835   

 

Table 4.606 Comparing interhemispheric differences; no surgery vs uninjured (all) 

4.12.2.2 Y Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 0.903 0.658 

Variance 1.10069 1.421306667 

Observations 10 10 

Hypothesized Mean 

Difference 0  

df 18  

t Stat 0.487858448  

P(T<=t) one-tail 0.315769712  

t Critical one-tail 1.734063592  

P(T<=t) two-tail 0.631539424  

t Critical two-tail 2.100922037   

 

Table 4.607 Less/uninjured arm vs burn arm; surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 1.03 1.1 

Variance 1.2753 0.2416 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat -0.098441946  

P(T<=t) one-tail 0.463895101  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.927790202  

t Critical two-tail 3.182446305   

 

Table 4.608 Less/uninjured arm vs burn arm; no surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Surgery;burn 

arm 

No 

surgery;burn 

arm 
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Mean 0.658 1.1 

Variance 1.421306667 0.2416 

Observations 10 3 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 

-

0.936692981  

P(T<=t) one-tail 0.18668457  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.373369141  

t Critical two-tail 2.262157158   

 

Table 4.609 Comparing surgery burn arm with no surgery burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery  

No 

surgery 

Mean 0.245 -0.07 

Variance 1.347227778 1.1377 

Observations 10 3 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 0.439387337  

P(T<=t) one-tail 0.341537644  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.683075288  

t Critical two-tail 2.776445105   

 

Table 4.610 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Surgery;burn 

arm Uninjured 

Mean 0.658 0.8725 

Variance 1.421306667 1.077784783 

Observations 10 24 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 

-

0.495977467  

P(T<=t) one-tail 0.313549277  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.627098554  

t Critical two-tail 2.131449536   
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Table 4.611 Comparing burn arm surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No 

surgery;burn 

arm Uninjured 

Mean 1.1 0.8725 

Variance 0.2416 1.077784783 

Observations 3 24 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.642335006  

P(T<=t) one-tail 0.274472377  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.548944754  

t Critical two-tail 2.570581835   

 

Table 4.612 Comparing burn arm no surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery Uninjured 

Mean 0.245 0.628333333 

Variance 1.347227778 0.683433333 

Observations 10 12 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 

-

0.875574733  

P(T<=t) one-tail 0.197108055  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.394216111  

t Critical two-tail 2.119905285   

 

Table 4.613 Comparing interhemispheric differences; surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  No surgery  Uninjured 

Mean -0.07 0.628333333 

Variance 1.1377 0.683433333 

Observations 3 12 

Hypothesized Mean 

Difference 0  

df 3  



 251 

t Stat 

-

1.057369688  

P(T<=t) one-tail 0.183976869  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.367953737  

t Critical two-tail 3.182446305   

 

Table 4.614 Comparing interhemispheric differences; no surgery vs uninjured (all) 

 

4.12.3 TMS Map Area 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 23.486 21.96 

Variance 14.39536 15.97462222 

Observations 10 10 

Hypothesized Mean 

Difference 0  

df 18  

t Stat 0.875653453  

P(T<=t) one-tail 0.196376981  

t Critical one-tail 1.734063592  

P(T<=t) two-tail 0.392753962  

t Critical two-tail 2.100922037   

 

Table 4.615 Less/uninjured arm vs burn arm; surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  

Burn 

arm 

Mean 29.66666667 20.71 

Variance 29.51293333 30.9127 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 1.995705405  

P(T<=t) one-tail 0.058343721  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.116687443  

t Critical two-tail 2.776445105   

 

Table 4.616 Less/uninjured arm vs burn arm; no surgery 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Surgery;burn 

arm 

No 

surgery;burn 

arm 

Mean 21.96 20.71 

Variance 15.97462222 30.9127 

Observations 10 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.362331085  

P(T<=t) one-tail 0.370562656  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.741125313  

t Critical two-tail 3.182446305   

 

Table 4.617 Comparing surgery burn arm with no surgery burn arm 

• Comparing interhemispheric differences 

Wilcoxon rank sum test 

 

data:  surgmapdiffs and nosurgmapdiffs  

W = 4, p-value = 0.07692 

alternative hypothesis: true location shift is not equal to 0 

• Comparing burn arm surgery with uninjured (all) 

Wilcoxon rank sum test with continuity correction 

 

data:  surgeryburnmap and uninjuredmapall  

W = 94, p-value = 0.2654 

alternative hypothesis: true location shift is not equal to 0  

 

• Comparing burn arm no surgery with uninjured (all) 

Wilcoxon rank sum test with continuity correction 

 

data:  nosurgeryburnmap and uninjuredmapall  

W = 22, p-value = 0.2651 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differences; surgery vs uninjured 

Wilcoxon rank sum test 

 

data:  surgmapdiffs and uninjuredmapdiff  

W = 76, p-value = 0.3136 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differences; no surgery vs uninjured 

Wilcoxon rank sum test 
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data:  nosurgmapdiffs and uninjuredmapdiff  

W = 29, p-value = 0.1363 

alternative hypothesis: true location shift is not equal to 0 

4.12.4 Average MEP Amplitude 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 5.115375195 4.654685945 

Variance 7.026095695 7.115120737 

Observations 10 10 

Hypothesized Mean 

Difference 0  

df 18  

t Stat 0.387404529  

P(T<=t) one-tail 0.351499691  

t Critical one-tail 1.734063592  

P(T<=t) two-tail 0.702999381  

t Critical two-tail 2.100922037   

 

Table 4.618 Less/uninjured arm vs burn arm; surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 5.916341167 5.156339033 

Variance 3.300739677 2.249272298 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 0.558764078  

P(T<=t) one-tail 0.303062025  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.60612405  

t Critical two-tail 2.776445105   

 

Table 4.619 Less/uninjured arm vs burn arm; no surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Surgery;burn 

arm 

No 

surgery;burn 

arm 

Mean 4.654685945 5.156339033 

Variance 7.115120737 2.249272298 

Observations 10 3 
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Hypothesized Mean 

Difference 0  

df 6  

t Stat 

-

0.414990667  

P(T<=t) one-tail 0.346289561  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.692579122  

t Critical two-tail 2.446911846   

 

Table 4.620 Comparing surgery burn arm with no surgery burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery  No surgery 

Mean 0.46068925 0.760002133 

Variance 4.013865773 3.773351644 

Observations 10 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.232369919  

P(T<=t) one-tail 0.41560033  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.831200659  

t Critical two-tail 3.182446305   

 

Table 4.621 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Surgery;burn 

arm  Uninjured 

Mean 4.654685945 5.617268883 

Variance 7.115120737 5.621772764 

Observations 10 24 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 

-

0.989804414  

P(T<=t) one-tail 0.168984281  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.337968562  

t Critical two-tail 2.131449536   

 

Table 4.622 Comparing burn arm surgery vs uninjured (all) 



 255 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No 

surgery;burn 

arm  Uninjured 

Mean 5.156339033 5.617268883 

Variance 2.249272298 5.621772764 

Observations 3 24 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.464662616  

P(T<=t) one-tail 0.336909727  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.673819454  

t Critical two-tail 3.182446305   

 

Table 4.623 Comparing burn arm no surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery  Uninjured 

Mean 0.46068925 -0.50891234 

Variance 4.013865773 9.856971359 

Observations 10 12 

Hypothesized Mean 

Difference 0  

df 19  

t Stat 0.876830104  

P(T<=t) one-tail 0.195765443  

t Critical one-tail 1.729132792  

P(T<=t) two-tail 0.391530885  

t Critical two-tail 2.09302405   

 

Table 4.624 Comparing interhemispheric differences; surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  No surgery Uninjured 

Mean 0.46068925 0.760002133 

Variance 4.013865773 3.773351644 

Observations 10 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.232369919  

P(T<=t) one-tail 0.41560033  
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t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.831200659  

t Critical two-tail 3.182446305   

 

Table 4.625 Comparing interhemispheric differences; no surgery vs uninjured (all) 

 

4.12.5 Threshold  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 54.1 56.8 

Variance 226.1 327.9555556 

Observations 10 10 

Hypothesized Mean 

Difference 0  

df 17  

t Stat -0.362733033  

P(T<=t) one-tail 0.360637426  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.721274852  

t Critical two-tail 2.109815559   

 

Table 4.626 Less/uninjured arm vs burn arm; surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 57.66666667 49.66666667 

Variance 21.33333333 133.3333333 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 1.114172029  

P(T<=t) one-tail 0.173216099  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.346432199  

t Critical two-tail 3.182446305   

 

Table 4.627 Less/uninjured arm vs burn arm; no surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery;burn No 
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arm surgery;burn 

arm 

Mean 56.8 49.66666667 

Variance 327.9555556 133.3333333 

Observations 10 3 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.811654846  

P(T<=t) one-tail 0.226939757  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.453879514  

t Critical two-tail 2.570581835   

 

Table 4.628 Comparing surgery burn arm with no surgery burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery  

No 

surgery 

Mean -2.7 8 

Variance 114.0111111 48 

Observations 10 3 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

2.044088481  

P(T<=t) one-tail 0.048182788  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.096365576  

t Critical two-tail 2.570581835   

 

Table 4.629 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Surgery;burn 

arm Uninjured 

Mean 56.8 49.70833333 

Variance 327.9555556 108.2155797 

Observations 10 24 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 1.161094267  

P(T<=t) one-tail 0.134090011  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.268180022  
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t Critical two-tail 2.178812827   

 

Table 4.630 Comparing burn arm surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No 

surgery;burn 

arm  Uninjured 

Mean 49.66666667 49.70833333 

Variance 133.3333333 108.2155797 

Observations 3 24 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 

-

0.005955212  

P(T<=t) one-tail 0.497894533  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.995789067  

t Critical two-tail 4.30265273   

 

Table 4.631 Comparing burn arm no surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery Uninjured 

Mean -2.7 

-

0.083333333 

Variance 114.0111111 24.62878788 

Observations 10 12 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 

-

0.713395881  

P(T<=t) one-tail 0.244621609  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.489243219  

t Critical two-tail 2.178812827   

 

Table 4.632 Comparing interhemispheric differences; surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  No surgery Uninjured 

Mean 8 

-

0.083333333 

Variance 48 24.62878788 
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Observations 3 12 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 1.90249282  

P(T<=t) one-tail 0.076627308  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.153254615  

t Critical two-tail 3.182446305   

 

Table 4.633 Comparing interhemispheric differences; no surgery vs uninjured (all) 

 

4.12.6 Silent Period 

 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 131.547254 138.5387529 

Variance 874.7888617 2017.216976 

Observations 10 10 

Hypothesized Mean 

Difference 0  

df 16  

t Stat -0.411121994  

P(T<=t) one-tail 0.343218485  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.686436969  

t Critical two-tail 2.119905285   

 

Table 4.634 Less/uninjured arm vs burn arm; surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 136.11667 115.487505 

Variance 201.4538399 175.0296633 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 1.841489731  

P(T<=t) one-tail 0.069678737  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.139357474  
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t Critical two-tail 2.776445105   

 

Table 4.635 Less/uninjured arm vs burn arm; no surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Surgery;burn 

arm  

No 

surgery;burn 

arm 

Mean 138.5387529 115.487505 

Variance 2017.216976 175.0296633 

Observations 10 3 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 1.429399267  

P(T<=t) one-tail 0.090334679  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.180669358  

t Critical two-tail 2.200985159   

 

Table 4.636 Comparing surgery burn arm with no surgery burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery No Surgery 

Mean -6.9914989 20.629165 

Variance 1156.413948 503.0080939 

Observations 10 3 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

1.640977322  

P(T<=t) one-tail 0.080862896  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.161725793  

t Critical two-tail 2.570581835   

 

Table 4.637 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Surgery;burn 

arm Uninjured 

Mean 138.5387529 148.875525 

Variance 2017.216976 1053.991171 

Observations 10 24 

Hypothesized Mean 0  
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Difference 

df 13  

t Stat 

-

0.659533971  

P(T<=t) one-tail 0.260533051  

t Critical one-tail 1.770933383  

P(T<=t) two-tail 0.521066103  

t Critical two-tail 2.160368652   

 

Table 4.638 Comparing burn arm surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No 

surgery;burn 

arm Uninjured 

Mean 115.487505 148.875525 

Variance 175.0296633 1053.991171 

Observations 3 24 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 

-

3.301708979  

P(T<=t) one-tail 0.008186482  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.016372963  

t Critical two-tail 2.446911846   

 

Table 4.639 Comparing burn arm no surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery Uninjured 

Mean -6.9914989 

-

2.653119917 

Variance 1156.413948 1388.447819 

Observations 10 12 

Hypothesized Mean 

Difference 0  

df 20  

t Stat 

-

0.285231228  

P(T<=t) one-tail 0.38919994  

t Critical one-tail 1.724718218  

P(T<=t) two-tail 0.778399881  

t Critical two-tail 2.085963441   

 

Table 4.640 Comparing interhemispheric differences; surgery vs uninjured (all) 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  No surgery  Uninjured  

Mean 20.629165 

-

2.653119917 

Variance 503.0080939 1388.447819 

Observations 3 12 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 1.383076167  

P(T<=t) one-tail 0.11260824  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.225216481  

t Critical two-tail 2.570581835   

 

Table 4.641 Comparing interhemispheric differences; no surgery vs uninjured (all) 

 

4.12.7 Latency 

 

 

Table 4.642 Less/uninjured arm vs burn arm; surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 23.7041675 22.35416833 

Variance 2.740054392 8.494730738 

Observations 3 3 

Hypothesized Mean 

Difference 0  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 22.2705007 21.58375125 

Variance 3.03578584 1.866528173 

Observations 10 10 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 0.980839071  

P(T<=t) one-tail 0.170212858  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.340425716  

t Critical two-tail 2.109815559   
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df 3  

t Stat 0.697608466  

P(T<=t) one-tail 0.267813635  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.53562727  

t Critical two-tail 3.182446305   

 

Table 4.643 Less/uninjured arm vs burn arm; no surgery 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Surgery;burn 

arm 

No 

surgery;burn 

arm 

Mean 21.58375125 22.35416833 

Variance 1.866528173 8.494730738 

Observations 10 3 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 

-

0.443455206  

P(T<=t) one-tail 0.350397421  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.700794842  

t Critical two-tail 4.30265273   

 

Table 4.644 Comparing surgery burn arm with no surgery burn arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery No surgery 

Mean 0.68674945 1.349999167 

Variance 2.074630347 2.824213656 

Observations 10 3 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.618788288  

P(T<=t) one-tail 0.289932509  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.579865018  

t Critical two-tail 3.182446305   

 

Table 4.645 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 
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Surgery;burn 

arm Uninjured 

Mean 21.58375125 22.16250133 

Variance 1.866528173 3.028967113 

Observations 10 24 

Hypothesized Mean 

Difference 0  

df 21  

t Stat 

-

1.034704168  

P(T<=t) one-tail 0.156288108  

t Critical one-tail 1.720742871  

P(T<=t) two-tail 0.312576216  

t Critical two-tail 2.079613837   

 

Table 4.646 Comparing burn arm surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No 

surgery;burn 

arm Uninjured 

Mean 22.35416833 22.16250133 

Variance 8.494730738 3.028967113 

Observations 3 24 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.111445908  

P(T<=t) one-tail 0.4607197  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.9214394  

t Critical two-tail 4.30265273   

 

Table 4.647 Comparing burn arm no surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Surgery  Uninjured 

Mean 0.68674945 

-

0.012500333 

Variance 2.074630347 0.663693109 

Observations 10 12 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 1.364092415  

P(T<=t) one-tail 0.097033836  

t Critical one-tail 1.761310115  
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P(T<=t) two-tail 0.194067672  

t Critical two-tail 2.144786681   

 

Table 4.648 Comparing interhemispheric differences; surgery vs uninjured (all) 

t-Test: Two-Sample Assuming Unequal Variances 

   

  No surgery  Uninjured 

Mean 1.349999167 

-

0.012500333 

Variance 2.824213656 0.663693109 

Observations 3 12 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 1.364744775  

P(T<=t) one-tail 0.15279529  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.305590581  

t Critical two-tail 4.30265273   

 

Table 4.649 Comparing interhemispheric differences; no surgery vs uninjured (all) 

4.13 Functional deficit vs no functional deficit 

4.13.1 Optimal site location 

4.13.1.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 5.586666667 5.218888889 

Variance 1.3935 0.755386111 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 0.752662086  

P(T<=t) one-tail 0.231651109  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.463302218  

t Critical two-tail 2.131449536   

 

Table 4.650 Less/uninjured arm vs burn arm; functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 
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Less/uninjured 

arm Burn arm 

Mean 5.3825 5.215 

Variance 0.908425 0.686166667 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.2652895  

P(T<=t) one-tail 0.399832822  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.799665643  

t Critical two-tail 2.446911846   

 

Table 4.651 Less/uninjured arm vs burn arm; no functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit;burn 

arm 

Functional 

deficit;burn 

arm 

Mean 5.215 5.218888889 

Variance 0.686166667 0.755386111 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 

-

0.007694008  

P(T<=t) one-tail 0.497055285  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.99411057  

t Critical two-tail 2.446911846   

 

Table 4.652 Comparing functional deficit burn arm with no functional deficit burn 

arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit 

Functional 

deficit 

Mean 0.1675 0.367777778 

Variance 0.710091667 0.530269444 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

0.411879984  
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P(T<=t) one-tail 0.348744891  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.697489782  

t Critical two-tail 2.570581835   

 

Table 4.653 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Functional 

deficit;burn 

arm  Uninjured 

Mean 5.218888889 5.897083333 

Variance 0.755386111 0.725604167 

Observations 9 24 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 

-

2.007183935  

P(T<=t) one-tail 0.032219022  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.064438044  

t Critical two-tail 2.144786681   

 

Table 4.654 Burn arm vs uninjured; Functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit;burn 

arm Uninjured 

Mean 5.215 5.897083333 

Variance 0.686166667 0.725604167 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

1.518460758  

P(T<=t) one-tail 0.101756512  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.203513024  

t Critical two-tail 2.776445105   

 

Table 4.655 Burn arm vs uninjured; No functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 
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Functional 

deficit Uninjured 

Mean 0.367777778 0.235833333 

Variance 0.530269444 1.544553788 

Observations 9 12 

Hypothesized Mean 

Difference 0  

df 18  

t Stat 0.30460573  

P(T<=t) one-tail 0.382080088  

t Critical one-tail 1.734063592  

P(T<=t) two-tail 0.764160176  

t Critical two-tail 2.100922037   

 

Table 4.656 Comparing interhemispheric diffs with uninjured; Functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit Uninjured 

Mean 0.1675 0.235833333 

Variance 0.710091667 1.544553788 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 8  

t Stat -0.12348229  

P(T<=t) one-tail 0.452385609  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.904771218  

t Critical two-tail 2.306004133   

 

Table 4.657 Comparing interhemispheric differences with uninjured; No functional 

deficit 

 

4.13.1.2 Y Coordinate  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 0.673333333 0.672222222 

Variance 0.88045 1.083869444 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 16  
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t Stat 0.002378333  

P(T<=t) one-tail 0.499065884  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.998131768  

t Critical two-tail 2.119905285   

 

Table 4.658 Less/uninjured arm vs burn arm; functional deficit  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 1.6325 1.36 

Variance 1.290091667 1.430133333 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.330441122  

P(T<=t) one-tail 0.376150101  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.752300201  

t Critical two-tail 2.446911846   

 

Table 4.659 Less/uninjured arm vs burn arm; no functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit;burn 

arm 

Functional 

deficit;burn 

arm 

Mean 1.36 0.672222222 

Variance 1.430133333 1.083869444 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.99483459  

P(T<=t) one-tail 0.182746402  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.365492805  

t Critical two-tail 2.570581835   

 

Table 4.660 Comparing functional deficit burn arm with no functional deficit burn 

arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  No functional Functional 
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deficit deficit 

Mean 0.2725 0.001111111 

Variance 4.494625 0.545536111 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.249382772  

P(T<=t) one-tail 0.409582332  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.819164664  

t Critical two-tail 3.182446305   

 

Table 4.661 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Functional 

deficit;burn 

arm  Uninjured 

Mean 0.672222222 0.995833333 

Variance 1.083869444 1.201207971 

Observations 9 24 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 

-

0.783765896  

P(T<=t) one-tail 0.222688961  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.445377921  

t Critical two-tail 2.131449536   

 

Table 4.662 Burn arm vs uninjured; Functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit;burn 

arm  Uninjured 

Mean 1.36 0.995833333 

Variance 1.430133333 1.201207971 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 0.57041614  

P(T<=t) one-tail 0.299454707  

t Critical one-tail 2.131846782  
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P(T<=t) two-tail 0.598909413  

t Critical two-tail 2.776445105   

 

Table 4.663 Burn arm vs uninjured; No functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Functional 

deficit Uninjured 

Mean 0.001111111 0.4 

Variance 0.545536111 1.2466 

Observations 9 12 

Hypothesized Mean 

Difference 0  

df 19  

t Stat 

-

0.983492438  

P(T<=t) one-tail 0.168862038  

t Critical one-tail 1.729132792  

P(T<=t) two-tail 0.337724077  

t Critical two-tail 2.09302405   

 

Table 4.664 Comparing interhemispheric diffs with uninjured; Functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit  Uninjured 

Mean 0.2725 0.4 

Variance 4.494625 1.2466 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

0.115078034  

P(T<=t) one-tail 0.456964385  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.913928771  

t Critical two-tail 2.776445105   

 

Table 4.665 Comparing interhemispheric differences with uninjured; No functional 

deficit 
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4.13.2 Centre of Gravity Location 

4.13.2.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 5.626666667 5.284444444 

Variance 1.163325 0.551277778 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 0.784057115  

P(T<=t) one-tail 0.223035125  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.446070249  

t Critical two-tail 2.144786681   

 

Table 4.666 Less/uninjured arm vs burn arm; functional deficit  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 5.5725 5.3125 

Variance 0.427958333 0.275958333 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.619787367  

P(T<=t) one-tail 0.279092617  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.558185235  

t Critical two-tail 2.446911846   

 

Table 4.667 Less/uninjured arm vs burn arm; no functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit;burn 

arm 

Functional 

deficit;burn 

arm 

Mean 5.3125 5.284444444 

Variance 0.275958333 0.551277778 

Observations 4 9 

Hypothesized Mean 0  
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Difference 

df 8  

t Stat 0.077739587  

P(T<=t) one-tail 0.4699722  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.9399444  

t Critical two-tail 2.306004133   

 

Table 4.668 Comparing functional deficit burn arm with no functional deficit burn 

arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit 

Functional 

deficit 

Mean 0.26 0.342222222 

Variance 0.135 0.778369444 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

0.237122554  

P(T<=t) one-tail 0.408459968  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.816919937  

t Critical two-tail 2.200985159   

 

Table 4.669 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Functional 

deficit;burn 

arm Uninjured 

Mean 5.284444444 5.905833333 

Variance 0.551277778 0.498051449 

Observations 9 24 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 

-

2.169914927  

P(T<=t) one-tail 0.023855817  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.047711634  

t Critical two-tail 2.144786681   

 

Table 4.670 Burn arm vs uninjured; Functional deficit 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit;burn 

arm Uninjured 

Mean 5.3125 5.905833333 

Variance 0.275958333 0.498051449 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

1.980621714  

P(T<=t) one-tail 0.052247508  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.104495016  

t Critical two-tail 2.570581835   

 

Table 4.671 Burn arm vs uninjured; No functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Functional 

deficit Uninjured 

Mean 0.342222222 0.223333333 

Variance 0.778369444 1.063460606 

Observations 9 12 

Hypothesized Mean 

Difference 0  

df 19  

t Stat 0.284111788  

P(T<=t) one-tail 0.38969891  

t Critical one-tail 1.729132792  

P(T<=t) two-tail 0.779397819  

t Critical two-tail 2.09302405   

 

Table 4.672 Comparing interhemispheric diffs with uninjured; Functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit  Uninjured 

Mean 0.26 0.223333333 

Variance 0.135 1.063460606 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 0.104816802  



 275 

P(T<=t) one-tail 0.459004037  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.918008073  

t Critical two-tail 2.144786681   

 

Table 4.673 Comparing interhemispheric differences with uninjured; No functional 

deficit 

 

4.13.2.2 Y Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 0.71 0.524444444 

Variance 1.118075 1.010627778 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 0.381537916  

P(T<=t) one-tail 0.353911719  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.707823437  

t Critical two-tail 2.119905285   

 

Table 4.674 Less/uninjured arm vs burn arm; functional deficit  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 1.4325 1.29 

Variance 0.701291667 1.339266667 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.199512611  

P(T<=t) one-tail 0.424860913  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.849721826  

t Critical two-tail 2.570581835   

 

Table 4.675 Less/uninjured arm vs burn arm; no functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 
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No functional 

deficit;burn 

arm 

Functional 

deficit;burn 

arm 

Mean 1.29 0.524444444 

Variance 1.339266667 1.010627778 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 1.14490692  

P(T<=t) one-tail 0.152038289  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.304076577  

t Critical two-tail 2.570581835   

 

Table 4.676 Comparing functional deficit burn arm with no functional deficit burn 

arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit 

Functional 

deficit 

Mean 0.1425 0.185555556 

Variance 3.275625 0.599677778 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.045753657  

P(T<=t) one-tail 0.483190943  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.966381886  

t Critical two-tail 3.182446305   

 

Table 4.677 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Functional 

deficit;burn 

arm Uninjured 

Mean 0.524444444 0.8725 

Variance 1.010627778 1.077784783 

Observations 9 24 

Hypothesized Mean 

Difference 0  

df 15  
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t Stat 

-

0.877854923  

P(T<=t) one-tail 0.196933213  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.393866425  

t Critical two-tail 2.131449536   

 

Table 4.678 Burn arm vs uninjured; Functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit;burn 

arm Uninjured 

Mean 1.29 0.8725 

Variance 1.339266667 1.077784783 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 0.677520198  

P(T<=t) one-tail 0.267620038  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.535240076  

t Critical two-tail 2.776445105   

 

Table 4.679 Burn arm vs uninjured; No functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Functional 

deficit Uninjured 

Mean 0.185555556 0.628333333 

Variance 0.599677778 0.683433333 

Observations 9 12 

Hypothesized Mean 

Difference 0  

df 18  

t Stat 

-

1.259520735  

P(T<=t) one-tail 0.111964992  

t Critical one-tail 1.734063592  

P(T<=t) two-tail 0.223929983  

t Critical two-tail 2.100922037   

 

Table 4.680 Comparing interhemispheric diffs with uninjured; Functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 
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No functional 

deficit Uninjured 

Mean 0.1425 0.628333333 

Variance 3.275625 0.683433333 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.519122919  

P(T<=t) one-tail 0.319770525  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.63954105  

t Critical two-tail 3.182446305   

 

Table 4.681 Comparing interhemispheric differences with uninjured; No functional 

deficit 

 

4.13.3 TMS Map Area 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 24.98111111 21.68888889 

Variance 11.44651111 15.61506111 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 1.898601783  

P(T<=t) one-tail 0.037902104  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.075804208  

t Critical two-tail 2.119905285   

 

Table 4.682 Less/uninjured arm vs burn arm; functional deficit  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 24.7575 21.6325 

Variance 61.67629167 28.09115833 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 5  
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t Stat 0.659660642  

P(T<=t) one-tail 0.269319851  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.538639701  

t Critical two-tail 2.570581835   

 

Table 4.683 Less/uninjured arm vs burn arm; no functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit;burn 

arm 

Functional 

deficit;burn 

arm 

Mean 21.6325 21.68888889 

Variance 28.09115833 15.61506111 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

0.019054437  

P(T<=t) one-tail 0.492767334  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.985534667  

t Critical two-tail 2.570581835   

 

Table 4.684 Comparing functional deficit burn arm with no functional deficit burn 

arm 

• Comparing interhemispheric differences 

Wilcoxon rank sum test 

 

data:  fxndefmapdiffs and nofxndefmapdiffs  

W = 25, p-value = 0.3301 

alternative hypothesis: true location shift is not equal to 0 

• Comparing burn arm functional deficit with uninjured (all) 

Wilcoxon rank sum test with continuity correction 

 

data:  fxndefmap and uninjuredmap  

W = 80, p-value = 0.2663 

alternative hypothesis: true location shift is not equal to 0  

 

• Comparing burn arm no functional deficit with uninjured (all) 

 

 Wilcoxon rank sum test with continuity correction 

 

data:  nofxndefmap and uninjuredmap  

W = 35, p-value = 0.4118 
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alternative hypothesis: true location shift is not equal to 0  

 

 

• Comparing interhemispheric differences; functional deficit vs uninjured 

 

 Wilcoxon rank sum test 

 

data:  fxndefmapdiffs and uninjuredmapdiff  

W = 75, p-value = 0.1479 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differences; no functional deficit vs uninjured 

Wilcoxon rank sum test 

 

data:  nofxndefmapdiffs and uninjuredmapdiff  

W = 30, p-value = 0.5209 

alternative hypothesis: true location shift is not equal to 0 

4.13.4 Average MEP Amplitude 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 4.734551783 4.573881344 

Variance 5.023800934 6.691401357 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 0.140825836  

P(T<=t) one-tail 0.444882634  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.889765268  

t Critical two-tail 2.119905285   

 

Table 4.685 Less/uninjured arm vs burn arm; functional deficit  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 6.57295235 5.212736113 

Variance 7.255736569 4.817981141 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.782920098  

P(T<=t) one-tail 0.231722989  
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t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.463445978  

t Critical two-tail 2.446911846   

 

Table 4.686 Less/uninjured arm vs burn arm; no functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit;burn 

arm 

Functional 

deficit;burn 

arm 

Mean 5.212736113 4.573881344 

Variance 4.817981141 6.691401357 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 0.457730036  

P(T<=t) one-tail 0.330507745  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.661015491  

t Critical two-tail 2.364624251   

 

Table 4.687 Comparing functional deficit burn arm with no functional deficit burn 

arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit 

Functional 

deficit 

Mean 1.360216238 0.160670439 

Variance 5.295209882 3.000991677 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.931801372  

P(T<=t) one-tail 0.197104972  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.394209944  

t Critical two-tail 2.570581835   

 

Table 4.688 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Functional 

deficit;burn 

arm Uninjured 
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Mean 4.573881344 5.617268883 

Variance 6.691401357 5.621772764 

Observations 9 24 

Hypothesized Mean 

Difference 0  

df 13  

t Stat 

-

1.055203614  

P(T<=t) one-tail 0.155274486  

t Critical one-tail 1.770933383  

P(T<=t) two-tail 0.310548973  

t Critical two-tail 2.160368652   

 

Table 4.689 Burn arm vs uninjured; Functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit;burn 

arm Uninjured 

Mean 5.212736113 5.617268883 

Variance 4.817981141 5.621772764 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

0.337258715  

P(T<=t) one-tail 0.376438096  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.752876193  

t Critical two-tail 2.776445105   

 

Table 4.690 Burn arm vs uninjured; No functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Functional 

deficit Uninjured 

Mean 0.160670439 -0.50891234 

Variance 3.000991677 9.856971359 

Observations 9 12 

Hypothesized Mean 

Difference 0  

df 18  

t Stat 0.62307456  

P(T<=t) one-tail 0.270525216  

t Critical one-tail 1.734063592  

P(T<=t) two-tail 0.541050432  
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t Critical two-tail 2.100922037   

 

Table 4.691 Comparing interhemispheric diffs with uninjured; Functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit Uninjured 

Mean 1.360216238 -0.50891234 

Variance 5.295209882 9.856971359 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 7  

t Stat 1.276155475  

P(T<=t) one-tail 0.121304411  

t Critical one-tail 1.894578604  

P(T<=t) two-tail 0.242608822  

t Critical two-tail 2.364624251   

 

Table 4.692 Comparing interhemispheric differences with uninjured; No functional 

deficit 

 

4.13.5 Threshold  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 56 57.11111111 

Variance 231 378.3611111 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 15  

t Stat -0.135033454  

P(T<=t) one-tail 0.447190378  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.894380756  

t Critical two-tail 2.131449536   

 

Table 4.693 Less/uninjured arm vs burn arm; functional deficit  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 
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Mean 52.5 50.75 

Variance 75 65.58333333 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.29518965  

P(T<=t) one-tail 0.38889865  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.777797299  

t Critical two-tail 2.446911846   

 

Table 4.694 Less/uninjured arm vs burn arm; no functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit;burn 

arm 

Functional 

deficit;burn 

arm 

Mean 50.75 57.11111111 

Variance 65.58333333 378.3611111 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 11  

t Stat -0.8321333  

P(T<=t) one-tail 0.211515665  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.42303133  

t Critical two-tail 2.200985159   

 

Table 4.695 Comparing functional deficit burn arm with no functional deficit burn 

arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit 

Functional 

deficit 

Mean 1.75 

-

1.111111111 

Variance 68.91666667 144.6111111 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 0.495828776  

P(T<=t) one-tail 0.316674058  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.633348116  
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t Critical two-tail 2.306004133   

 

Table 4.696 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Functional 

deficit;burn 

arm Uninjured 

Mean 57.11111111 49.70833333 

Variance 378.3611111 108.2155797 

Observations 9 24 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 1.08502324  

P(T<=t) one-tail 0.151687852  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.303375704  

t Critical two-tail 2.228138842   

 

Table 4.697 Burn arm vs uninjured; Functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit;burn 

arm Uninjured 

Mean 50.75 49.70833333 

Variance 65.58333333 108.2155797 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.227827211  

P(T<=t) one-tail 0.414402021  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.828804042  

t Critical two-tail 2.570581835   

 

Table 4.698 Burn arm vs uninjured; No functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Functional 

deficit Uninjured 

Mean 

-

1.111111111 

-

0.083333333 

Variance 144.6111111 24.62878788 
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Observations 9 12 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 

-

0.241444062  

P(T<=t) one-tail 0.40704486  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.814089719  

t Critical two-tail 2.228138842   

 

Table 4.699 Comparing interhemispheric diffs with uninjured; Functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit  Uninjured 

Mean 1.75 

-

0.083333333 

Variance 68.91666667 24.62878788 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 0.417513273  

P(T<=t) one-tail 0.348869873  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.697739747  

t Critical two-tail 2.776445105   

 

Table 4.700 Comparing interhemispheric differences with uninjured; No functional 

deficit 

 

4.13.6 Silent Period 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 129.9136156 127.2486149 

Variance 943.1421066 1226.172517 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 0.171655335  

P(T<=t) one-tail 0.432930387  

t Critical one-tail 1.745883669  
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P(T<=t) two-tail 0.865860775  

t Critical two-tail 2.119905285   

 

Table 4.701 Less/uninjured arm vs burn arm; functional deficit  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 138.6500025 146.6531275 

Variance 189.2313845 2959.711606 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 3  

t Stat -0.285237878  

P(T<=t) one-tail 0.397010496  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.794020992  

t Critical two-tail 3.182446305   

 

Table 4.702 Less/uninjured arm vs burn arm; no functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit;burn 

arm 

Functional 

deficit;burn 

arm 

Mean 146.6531275 127.2486149 

Variance 2959.711606 1226.172517 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 0.655554382  

P(T<=t) one-tail 0.273950335  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.54790067  

t Critical two-tail 2.776445105   

 

Table 4.703 Comparing functional deficit burn arm with no functional deficit burn 

arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit 

Functional 

deficit 

Mean -8.003125 2.665000667 

Variance 1702.782956 968.8463336 
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Observations 4 9 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

0.461938196  

P(T<=t) one-tail 0.331764142  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.663528284  

t Critical two-tail 2.570581835   

 

Table 4.704 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Functional 

deficit;burn 

arm  Uninjured 

Mean 127.2486149 148.875525 

Variance 1226.172517 1053.991171 

Observations 9 24 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 

-

1.611269084  

P(T<=t) one-tail 0.064714737  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.129429474  

t Critical two-tail 2.144786681   

 

Table 4.705 Burn arm vs uninjured; Functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit Uninjured 

Mean 146.6531275 148.875525 

Variance 2959.711606 1053.991171 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.079379228  

P(T<=t) one-tail 0.470864735  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.941729469  

t Critical two-tail 3.182446305   
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Table 4.706 Burn arm vs uninjured; No functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Functional 

deficit Uninjured 

Mean 2.665000667 

-

2.653119917 

Variance 968.8463336 1388.447819 

Observations 9 12 

Hypothesized Mean 

Difference 0  

df 19  

t Stat 0.355845701  

P(T<=t) one-tail 0.362938264  

t Critical one-tail 1.729132792  

P(T<=t) two-tail 0.725876528  

t Critical two-tail 2.09302405   

 

Table 4.707 Comparing interhemispheric diffs with uninjured; Functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit Uninjured 

Mean -8.003125 

-

2.653119917 

Variance 1702.782956 1388.447819 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

0.229929757  

P(T<=t) one-tail 0.413628451  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.827256902  

t Critical two-tail 2.570581835   

 

Table 4.708 Comparing interhemispheric differences with uninjured; No functional 

deficit 

 

4.13.7 Latency 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Less/uninjured Burn arm 



 290 

arm 

Mean 22.43250072 21.29861272 

Variance 1.818414358 1.827672851 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 1.781467435  

P(T<=t) one-tail 0.046912401  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.093824801  

t Critical two-tail 2.119905285   

 

Table 4.709 Less/uninjured arm vs burn arm; functional deficit  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 22.98125075 22.80312575 

Variance 7.388069788 4.756075723 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.10222836  

P(T<=t) one-tail 0.460953177  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.921906354  

t Critical two-tail 2.446911846   

 

Table 4.710 Less/uninjured arm vs burn arm; no functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit;burn 

arm 

Functional 

deficit;burn 

arm 

Mean 22.80312575 21.29861272 

Variance 4.756075723 1.827672851 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 1.275151306  

P(T<=t) one-tail 0.135642012  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.271284025  

t Critical two-tail 2.776445105   
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Table 4.711 Comparing functional deficit burn arm with no functional deficit burn 

arm 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit 

Functional 

deficit 

Mean 0.178125 1.133888 

Variance 5.673997388 0.722952195 

Observations 4 9 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.780682432  

P(T<=t) one-tail 0.245963381  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.491926763  

t Critical two-tail 3.182446305   

 

Table 4.712 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Functional 

deficit;burn 

arm Uninjured 

Mean 21.29861272 22.16250133 

Variance 1.827672851 3.028967113 

Observations 9 24 

Hypothesized Mean 

Difference 0  

df 19  

t Stat 

-

1.505476342  

P(T<=t) one-tail 0.074322881  

t Critical one-tail 1.729132792  

P(T<=t) two-tail 0.148645761  

t Critical two-tail 2.09302405   

 

Table 4.713 Burn arm vs uninjured; Functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit;burn 

arm Uninjured 

Mean 22.80312575 22.16250133 
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Variance 4.756075723 3.028967113 

Observations 4 24 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 0.558603062  

P(T<=t) one-tail 0.303112066  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.606224131  

t Critical two-tail 2.776445105   

 

Table 4.714 Burn arm vs uninjured; No functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Functional 

deficit Uninjured 

Mean 1.133888 

-

0.012500333 

Variance 0.722952195 0.663693109 

Observations 9 12 

Hypothesized Mean 

Difference 0  

df 17  

t Stat 3.112752723  

P(T<=t) one-tail 0.003164576  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.006329151  

t Critical two-tail 2.109815559   

 

Table 4.715 Comparing interhemispheric diffs with uninjured; Functional deficit 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

No functional 

deficit Uninjured 

Mean 0.178125 

-

0.012500333 

Variance 5.673997388 0.663693109 

Observations 4 12 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.157021923  

P(T<=t) one-tail 0.442600082  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.885200165  

t Critical two-tail 3.182446305   
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Table 4.716 Comparing interhemispheric differences with uninjured; No functional 

deficit 

4.14 Male vs female burns.  

 

4.14.1 Optimal site location 

4.14.1.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 5.560909091 5.241818182 

Variance 1.334969091 0.784876364 

Observations 11 11 

Hypothesized Mean 

Difference 0  

df 19  

t Stat 0.726873229  

P(T<=t) one-tail 0.238082348  

t Critical one-tail 1.729132792  

P(T<=t) two-tail 0.476164697  

t Critical two-tail 2.09302405   

 

Table 4.717 Less/uninjured arm vs burn arm; male burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 5.32 5.085 

Variance 0.5408 0.21125 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.383230003  

P(T<=t) one-tail 0.369224281  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.738448563  

t Critical two-tail 4.30265273   

 

Table 4.718 Less/uninjured arm vs burn arm; female burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male 

burn;burn 

arm 

Female 

burn;burn 

arm 
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Table 4.719 Comparing male burn patients burn arm with female burn patient burn 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male burn 

Female 

burn 

Mean 0.319090909 0.235 

Variance 0.639549091 0.07605 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.271168141  

P(T<=t) one-tail 0.398550343  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.797100687  

t Critical two-tail 2.570581835   

 

Table 4.720 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male 

burn;burn 

arm 

Male 

uninjured 

Mean 5.241818182 5.639375 

Variance 0.784876364 0.595179583 

Observations 11 16 

Hypothesized Mean 

Difference 0  

df 20  

t Stat 

-

1.206652037  

P(T<=t) one-tail 0.120822766  

t Critical one-tail 1.724718218  

P(T<=t) two-tail 0.241645532  

t Critical two-tail 2.085963441   

Mean 5.241818182 5.085 

Variance 0.784876364 0.21125 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.372767047  

P(T<=t) one-tail 0.367050353  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.734100707  

t Critical two-tail 3.182446305   
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Table 4.721 Comparing male burn vs uninjured males 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Female 

burn;burn 

arm 

Female 

uninjured 

Mean 5.085 6.36375 

Variance 0.21125 0.750626786 

Observations 2 8 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

2.863287657  

P(T<=t) one-tail 0.032201614  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.064403229  

t Critical two-tail 3.182446305   

 

Table 4.722 Comparing female burn vs uninjured females 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male burn 

Uninjured 

male 

Mean 0.319090909 -0.15125 

Variance 0.639549091 1.142269643 

Observations 11 8 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 1.049291783  

P(T<=t) one-tail 0.157358781  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.314717563  

t Critical two-tail 2.178812827   

 

Table 4.723 Comparing interhemispheric differences male burn vs uninjured male 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Female burn 

Female 

uninjured 

Mean 0.235 1.1075 

Variance 0.07605 1.512425 

Observations 2 4 

Hypothesized Mean 0  
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Difference 

df 4  

t Stat 

-

1.352540474  

P(T<=t) one-tail 0.123803371  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.247606742  

t Critical two-tail 2.776445105   

 

Table 4.724 Comparing interhemispheric differences female burn vs uninjured 

female subjects 

 

 

 

4.14.1.2 Y Coordinate  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 1.004545455 1.135454545 

Variance 0.904667273 0.932167273 

Observations 11 11 

Hypothesized Mean 

Difference 0  

df 20  

t Stat -0.320354722  

P(T<=t) one-tail 0.376011181  

t Critical one-tail 1.724718218  

P(T<=t) two-tail 0.752022362  

t Critical two-tail 2.085963441   

 

Table 4.725 Less/uninjured arm vs burn arm; male burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 0.77 -0.5 

Variance 4.3218 0.4232 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 0.824518891  

P(T<=t) one-tail 0.28052097  

t Critical one-tail 6.313751514  
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P(T<=t) two-tail 0.56104194  

t Critical two-tail 12.70620473   

 

Table 4.726 Less/uninjured arm vs burn arm; female burns 

Comparing burn y values  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male 

burn;burn 

arm 

Female 

burn;burn 

arm 

Mean 1.135454545 -0.5 

Variance 0.932167273 0.4232 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 3.004287724  

P(T<=t) one-tail 0.047615662  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.095231324  

t Critical two-tail 4.30265273   

 

Table 4.727 Comparing male burn patients burn arm with female burn patient  

burn 

 

 

Table 4.728 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male 

burn;burn 

Uninjured 

males 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male burn 

Female 

burn 

Mean 

-

0.130909091 1.27 

Variance 1.269069091 2.0402 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat -1.3146863  

P(T<=t) one-tail 0.206988822  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.413977645  

t Critical two-tail 12.70620473   
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arm 

Mean 1.135454545 0.820625 

Variance 0.932167273 0.674952917 

Observations 11 16 

Hypothesized Mean 

Difference 0  

df 19  

t Stat 0.88368689  

P(T<=t) one-tail 0.193955263  

t Critical one-tail 1.729132792  

P(T<=t) two-tail 0.387910526  

t Critical two-tail 2.09302405   

 

Table 4.729 Comparing male burn vs uninjured males 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Female 

burn;burn 

arm 

Uninjured 

females 

Mean -0.5 1.36 

Variance 0.4232 2.305142857 

Observations 2 8 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

2.631113885  

P(T<=t) one-tail 0.02905918  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.05811836  

t Critical two-tail 2.776445105   

 

Table 4.730 Comparing female burn vs uninjured females 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male burn 

Uninjured 

males 

Mean 

-

0.130909091 0.18375 

Variance 1.269069091 0.438883929 

Observations 11 8 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 

-

0.762643746  

P(T<=t) one-tail 0.228386519  
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t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.456773038  

t Critical two-tail 2.119905285   

 

Table 4.731 Comparing interhemispheric differences male burn vs uninjured male 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Female burn 

Uninjured 

females 

Mean 1.27 0.86 

Variance 2.0402 3.1814 

Observations 2 4 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.304292824  

P(T<=t) one-tail 0.390395626  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.780791253  

t Critical two-tail 3.182446305   

 

Table 4.732 Comparing interhemispheric differences female burn vs uninjured 

female 

 

4.14.2 Centre of Gravity Location 

4.14.2.1 X Coordinate 

 
t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 5.67 5.303636364 

Variance 1.0206 0.510225455 

Observations 11 11 

Hypothesized Mean 

Difference 0  

df 18  

t Stat 0.982077737  

P(T<=t) one-tail 0.169539238  

t Critical one-tail 1.734063592  

P(T<=t) two-tail 0.339078475  

t Critical two-tail 2.100922037   
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Table 4.733 Less/uninjured arm vs burn arm; male burns 

 

 

Table 4.734 Less/uninjured arm vs burn arm; female burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male 

burn;burn 

arm  

Female 

burn;burn 

arm 

Mean 5.303636364 5.235 

Variance 0.510225455 0.13005 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 0.205633502  

P(T<=t) one-tail 0.425120195  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.850240391  

t Critical two-tail 3.182446305   

 

Table 4.735 Comparing male burn patients burn arm with female burn patient burn 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male burn 

Female 

burn 

Mean 0.366363636 0.045 

Variance 0.647585455 5E-05 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 10  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 5.28 5.235 

Variance 0.1352 0.13005 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.123566235  

P(T<=t) one-tail 0.456478551  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.912957101  

t Critical two-tail 4.30265273   
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t Stat 1.324196208  

P(T<=t) one-tail 0.107452853  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.214905706  

t Critical two-tail 2.228138842   

 

Table 4.736 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male 

burn;burn 

arm Uninjured 

Mean 5.303636364 5.716875 

Variance 0.510225455 0.469342917 

Observations 11 16 

Hypothesized Mean 

Difference 0  

df 21  

t Stat 

-

1.501762196  

P(T<=t) one-tail 0.074023319  

t Critical one-tail 1.720742871  

P(T<=t) two-tail 0.148046638  

t Critical two-tail 2.079613837   

 

Table 4.737 Comparing male burn vs uninjured males 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Female 

burn;burn 

arm 

Uninjured 

female 

Mean 5.235 5.8775 

Variance 0.13005 0.162625 

Observations 2 4 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 

-

1.976396887  

P(T<=t) one-tail 0.093376826  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.186753653  

t Critical two-tail 4.30265273   

 

Table 4.738 Comparing female burn vs uninjured females 

t-Test: Two-Sample Assuming Unequal Variances 
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  Male burn 

Uninjured 

males 

Mean 0.366363636 -0.07125 

Variance 0.647585455 1.2162125 

Observations 11 8 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 0.952916066  

P(T<=t) one-tail 0.179716789  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.359433579  

t Critical two-tail 2.178812827   

 

Table 4.739 Comparing interhemispheric differences male burn vs uninjured male 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Female burn 

Uninjured 

females 

Mean 0.045 0.8125 

Variance 5E-05 0.367291667 

Observations 2 4 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

2.532466617  

P(T<=t) one-tail 0.042619856  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.085239712  

t Critical two-tail 3.182446305   

 

Table 4.740 Comparing interhemispheric differences female burn vs uninjured 

female 

 

4.14.2.2 Y Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 1.016363636 1.004545455 

Variance 0.742865455 0.866867273 

Observations 11 11 

Hypothesized Mean 0  
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Difference 

df 20  

t Stat 0.030893714  

P(T<=t) one-tail 0.487830262  

t Critical one-tail 1.724718218  

P(T<=t) two-tail 0.975660524  

t Critical two-tail 2.085963441   

 

Table 4.741 Less/uninjured arm vs burn arm; male burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 0.47 -0.585 

Variance 4.5602 0.78125 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 0.645561874  

P(T<=t) one-tail 0.317529194  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.635058389  

t Critical two-tail 12.70620473   

 

Table 4.742 Less/uninjured arm vs burn arm; female burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male 

burn;burn 

arm  

Female 

burn;burn 

arm 

Mean 1.004545455 -0.585 

Variance 0.866867273 0.78125 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 2.319994819  

P(T<=t) one-tail 0.129543083  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.259086165  

t Critical two-tail 12.70620473   

 

Table 4.743 Comparing male burn patients burn arm with female burn patient burn 

t-Test: Two-Sample Assuming Unequal Variances 
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  Male burn 

Female 

burn 

Mean 0.011818182 1.055 

Variance 1.122136364 1.56645 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

1.108741065  

P(T<=t) one-tail 0.233600298  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.467200597  

t Critical two-tail 12.70620473   

 

Table 4.744 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male 

burn;burn 

arm 

Uninjured 

males 

Mean 1.004545455 0.72 

Variance 0.866867273 0.624706667 

Observations 11 16 

Hypothesized Mean 

Difference 0  

df 19  

t Stat 0.828869843  

P(T<=t) one-tail 0.208734837  

t Critical one-tail 1.729132792  

P(T<=t) two-tail 0.417469674  

t Critical two-tail 2.09302405   

 

Table 4.745 Comparing male burn vs uninjured males 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Female 

burn;burn 

arm 

Uninjured 

females 

Mean -0.585 0.53 

Variance 0.78125 1.8074 

Observations 2 4 

Hypothesized Mean 

Difference 0  

df 3  

t Stat -  
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1.214776428 

P(T<=t) one-tail 0.155671277  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.311342553  

t Critical two-tail 3.182446305   

 

Table 4.746 Comparing female burn vs uninjured females 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male burn 

Uninjured 

males 

Mean 0.011818182 0.295 

Variance 1.122136364 0.435685714 

Observations 11 8 

Hypothesized Mean 

Difference 0  

df 17  

t Stat -0.7158887  

P(T<=t) one-tail 0.241889191  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.483778382  

t Critical two-tail 2.109815559   

 

Table 4.747 Comparing interhemispheric differences male burn vs uninjured male 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Female burn 

Uninjured 

females 

Mean 1.055 1.295 

Variance 1.56645 0.600433333 

Observations 2 4 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 

-

0.248423601  

P(T<=t) one-tail 0.422493311  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.844986622  

t Critical two-tail 12.70620473   

 

Table 4.748 Comparing interhemispheric differences female burn vs uninjured 

female 
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4.14.3 TMS Map Area 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 25.68909091 21.27909091 

Variance 20.31768909 19.32608909 

Observations 11 11 

Hypothesized Mean 

Difference 0  

df 20  

t Stat 2.322990391  

P(T<=t) one-tail 0.015419724  

t Critical one-tail 1.724718218  

P(T<=t) two-tail 0.030839448  

t Critical two-tail 2.085963441   

 

Table 4.749 Less/uninjured arm vs burn arm; male  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 20.64 23.83 

Variance 30.42 4.9298 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat -0.75877358  

P(T<=t) one-tail 0.293387411  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.586774821  

t Critical two-tail 12.70620473   

 

Table 4.750 Less/uninjured arm vs burn arm; female 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male 

burn;burn 

arm 

Female 

burn;burn 

arm 

Mean 21.27909091 23.83 

Variance 19.32608909 4.9298 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 3  

t Stat -  
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1.241495843 

P(T<=t) one-tail 0.151322458  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.302644915  

t Critical two-tail 3.182446305   

 

Table 4.751 Comparing male burn arm with female burn arm 

 

• Comparing interhemispheric differences;male vs female burn patients 

 

 Wilcoxon rank sum test 

 

data:  maleburnmapdiffs and femaleburnmapdiffs  

W = 20, p-value = 0.1026 

alternative hypothesis: true location shift is not equal to 0  

• Comparing male burn arm with uninjured males (all) 

Wilcoxon rank sum test 

 

data:  maleburnmapburn and maleuninjuredmapall  

W = 82, p-value = 0.7897 

alternative hypothesis: true location shift is not equal to 0 

• Comparing female burn arm with uninjured females (all) 

Wilcoxon rank sum test 

 

data:  femaleburnmapburn and femaleuninjuredmapall  

W = 2, p-value = 0.1778 

alternative hypothesis: true location shift is not equal to 0 

• Comparing interhemispheric differences; male burn patients vs male uninjured 

subjects 

Wilcoxon rank sum test 

 

data:  maleburnmapdiffs and maleuninjuredmapdiff  

W = 63, p-value = 0.1288 

alternative hypothesis: true location shift is not equal to 0  

 

• Comparing interhemispheric differences; female burn patients vs female 

uninjured subjects 

Wilcoxon rank sum test 

 

data:  femaleburnmapdiffs and femaleuninjuredmapdiff  

W = 4, p-value = 1 

alternative hypothesis: true location shift is not equal to 0 

4.14.4 Average MEP Amplitude 

t-Test: Two-Sample Assuming Unequal Variances 
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Less/uninjured 

arm Burn arm 

Mean 5.349249105 4.385851082 

Variance 6.989651548 5.836856623 

Observations 11 11 

Hypothesized Mean 

Difference 0  

df 20  

t Stat 0.892170527  

P(T<=t) one-tail 0.191455224  

t Critical one-tail 1.724718218  

P(T<=t) two-tail 0.382910448  

t Critical two-tail 2.085963441   

 

Table 4.752 Less/uninjured arm vs burn arm; male burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 5.03051765 6.885757325 

Variance 1.248395928 0.170679436 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 1  

t Stat -2.20248161  

P(T<=t) one-tail 0.135664615  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.271329229  

t Critical two-tail 12.70620473   

 

Table 4.753 Less/uninjured arm vs burn arm; female burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male 

burn;burn 

arm 

Female 

burn;burn 

arm 

Mean 4.385851082 6.885757325 

Variance 5.836856623 0.170679436 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 11  

t Stat -3.18527103  

P(T<=t) one-tail 0.004339655  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.008679311  
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t Critical two-tail 2.200985159   

 

Table 4.754 Comparing male burn patients burn arm with female burn patient  

burn 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male burn Female burn 

Mean 0.963398023 

-

1.855239675 

Variance 2.993745576 0.4958733 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 3.908388937  

P(T<=t) one-tail 0.008708758  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.017417517  

t Critical two-tail 2.776445105   

 

Table 4.755 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male 

burn;burn 

arm 

Uninjured 

males 

Mean 4.385851082 5.75688365 

Variance 5.836856623 4.847969637 

Observations 11 16 

Hypothesized Mean 

Difference 0  

df 20  

t Stat 

-

1.501631381  

P(T<=t) one-tail 0.074408287  

t Critical one-tail 1.724718218  

P(T<=t) two-tail 0.148816575  

t Critical two-tail 2.085963441   

 

Table 4.756 Comparing male burn vs uninjured males 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Female 

burn;burn 

arm Uninjured 

Mean 6.885757325 5.338039348 
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Variance 0.170679436 7.949371343 

Observations 2 8 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 1.489974596  

P(T<=t) one-tail 0.087280996  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.174561992  

t Critical two-tail 2.306004133   

 

Table 4.757 Comparing female burn vs uninjured females 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male burn 

Uninjured 

males 

Mean 0.963398023 

-

0.463848038 

Variance 2.993745576 6.219826439 

Observations 11 8 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 1.393090365  

P(T<=t) one-tail 0.094430896  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.188861791  

t Critical two-tail 2.178812827   

 

Table 4.758 Comparing interhemispheric differences male burn vs uninjured male 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Female burn 

Uninjured 

females 

Mean 

-

1.855239675 

-

0.599040945 

Variance 0.4958733 21.61305363 

Observations 2 4 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.528430661  

P(T<=t) one-tail 0.316898705  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.633797409  

t Critical two-tail 3.182446305   
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Table 4.759 Comparing interhemispheric differences female burn vs uninjured 

female 

 

4.14.5 Threshold  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 54.90909091 56.54545455 

Variance 205.6909091 308.4727273 

Observations 11 11 

Hypothesized Mean 

Difference 0  

df 19  

t Stat -0.239345619  

P(T<=t) one-tail 0.406700261  

t Critical one-tail 1.729132792  

P(T<=t) two-tail 0.813400523  

t Critical two-tail 2.09302405   

 

Table 4.760 Less/uninjured arm vs burn arm; male burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 55 47.5 

Variance 50 112.5 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.832050294  

P(T<=t) one-tail 0.246453724  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.492907447  

t Critical two-tail 4.30265273   

 

Table 4.761 Less/uninjured arm vs burn arm; female burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male 

burn;burn 

arm 

Female 

burn;burn 

arm 
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Mean 56.54545455 47.5 

Variance 308.4727273 112.5 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.985223368  

P(T<=t) one-tail 0.214189709  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.428379418  

t Critical two-tail 4.30265273   

 

Table 4.762 Comparing male burn patients burn arm with female burn patient burn 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male burn 

Female 

burn 

Mean 

-

1.636363636 7.5 

Variance 123.2545455 12.5 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 

-

2.186824667  

P(T<=t) one-tail 0.035693269  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.071386538  

t Critical two-tail 2.446911846   

 

Table 4.763 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male 

burn;burn 

arm  

Uninjured 

males 

Mean 56.54545455 48.25 

Variance 308.4727273 51.66666667 

Observations 11 16 

Hypothesized Mean 

Difference 0  

df 12  

t Stat 1.483410587  

P(T<=t) one-tail 0.081874168  

t Critical one-tail 1.782287548  

P(T<=t) two-tail 0.163748335  
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t Critical two-tail 2.178812827   

 

Table 4.764 Comparing male burn vs uninjured males 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Female 

burn;burn 

arm 

Uninjured 

females 

Mean 47.5 52.625 

Variance 112.5 230.2678571 

Observations 2 8 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 

-

0.555774847  

P(T<=t) one-tail 0.317119384  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.634238767  

t Critical two-tail 4.30265273   

 

Table 4.765 Comparing female burn vs uninjured females 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male burn 

Uninjured 

males 

Mean 

-

1.636363636 1.25 

Variance 123.2545455 30.5 

Observations 11 8 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 

-

0.744822558  

P(T<=t) one-tail 0.233944524  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.467889048  

t Critical two-tail 2.131449536   

 

Table 4.766 Comparing interhemispheric differences male burn vs uninjured male 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Female burn 

Uninjured 

females 

Mean 7.5 -2.75 
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Variance 12.5 4.916666667 

Observations 2 4 

Hypothesized Mean 

Difference 0  

df 1  

t Stat 3.747979957  

P(T<=t) one-tail 0.082995028  

t Critical one-tail 6.313751514  

P(T<=t) two-tail 0.165990056  

t Critical two-tail 12.70620473   

 

Table 4.767 Comparing interhemispheric differences female burn vs uninjured 

female 

 

4.14.6 Silent Period 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 129.8929582 131.2886413 

Variance 750.1881709 1938.120588 

Observations 11 11 

Hypothesized Mean 

Difference 0  

df 17  

t Stat -0.089277822  

P(T<=t) one-tail 0.464952245  

t Critical one-tail 1.739606716  

P(T<=t) two-tail 0.92990449  

t Critical two-tail 2.109815559   

 

Table 4.768 Less/uninjured arm vs burn arm; male burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 147.500005 143.837495 

Variance 297.680244 83.52768325 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.265285098  

P(T<=t) one-tail 0.407815431  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.815630863  
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Table 4.769 Less/uninjured arm vs burn arm; female burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male 

burn;burn 

arm  

Female 

burn;burn 

arm 

Mean 131.2886413 143.837495 

Variance 1938.120588 83.52768325 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 10  

t Stat -0.85000019  

P(T<=t) one-tail 0.207606035  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.41521207  

t Critical two-tail 2.228138842   

 

Table 4.770 Comparing male burn patients burn arm with female burn patient burn 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male burn  

Female 

burn 

Mean 

-

1.395683091 3.66251 

Variance 1306.514639 65.838042 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 9  

t Stat -0.41068848  

P(T<=t) one-tail 0.34545326  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.690906519  

t Critical two-tail 2.262157158   

 

Table 4.771 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male 

burn;burn 

arm  

Uninjured 

males 

Mean 131.2886413 140.7953154 

Variance 1938.120588 757.6530298 

t Critical two-tail 4.30265273   
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Observations 11 16 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 

-

0.635835925  

P(T<=t) one-tail 0.267232482  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.534464964  

t Critical two-tail 2.131449536   

 

Table 4.772 Comparing male burn vs uninjured males 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Female 

burn;burn 

arm  

Uninjured 

females 

Mean 147.500005 143.837495 

Variance 297.680244 83.52768325 

Observations 2 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.265285098  

P(T<=t) one-tail 0.407815431  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.815630863  

t Critical two-tail 4.30265273   

 

Table 4.773 Comparing female burn vs uninjured females 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male burn 

Uninjured 

males 

Mean 

-

1.395683091 -8.96874675 

Variance 1306.514639 1680.864966 

Observations 11 8 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 0.417591295  

P(T<=t) one-tail 0.341289775  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.68257955  

t Critical two-tail 2.144786681   
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Table 4.774 Comparing interhemispheric differences male burn vs uninjured male 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Female burn Uninjured 

Mean 143.837495 165.0359444 

Variance 83.52768325 1391.870236 

Observations 2 8 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 

-

1.443215174  

P(T<=t) one-tail 0.093474312  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.186948624  

t Critical two-tail 2.306004133   

 

Table 4.775 Comparing interhemispheric differences female burn vs uninjured 

female 

 

4.14.7 Latency 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 23.05840977 22.07386477 

Variance 2.234578862 2.805199762 

Observations 11 11 

Hypothesized Mean 

Difference 0  

df 20  

t Stat 1.454541723  

P(T<=t) one-tail 0.08065572  

t Critical one-tail 1.724718218  

P(T<=t) two-tail 0.16131144  

t Critical two-tail 2.085963441   

 

Table 4.776 Less/uninjured arm vs burn arm; male burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 20.087501 20.0437525 

Variance 0.26281105 0.131328638 

Observations 2 2 
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Hypothesized Mean 

Difference 0  

df 2  

t Stat 0.098549195  

P(T<=t) one-tail 0.465241888  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.930483776  

t Critical two-tail 4.30265273   

 

Table 4.777 Less/uninjured arm vs burn arm; female burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Male 

burn;burn 

arm  

Female 

burn;burn 

arm 

Mean 22.07386477 20.0437525 

Variance 2.805199762 0.131328638 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 3.584944533  

P(T<=t) one-tail 0.00248534  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.00497068  

t Critical two-tail 2.228138842   

 

Table 4.778 Comparing male burn patients burn arm with female burn patient burn 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male burn Female burn 

Mean 0.984545 0.0437485 

Variance 2.307169458 0.765701888 

Observations 11 2 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 1.222129442  

P(T<=t) one-tail 0.173073144  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.346146287  

t Critical two-tail 4.30265273   

 

Table 4.779 Comparing interhemispheric differences 

t-Test: Two-Sample Assuming Unequal Variances 
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Male 

burn;burn 

arm 

Uninjured 

males 

Mean 22.07386477 23.10937619 

Variance 2.805199762 1.621740173 

Observations 11 16 

Hypothesized Mean 

Difference 0  

df 18  

t Stat 

-

1.734603047  

P(T<=t) one-tail 0.049951102  

t Critical one-tail 1.734063592  

P(T<=t) two-tail 0.099902205  

t Critical two-tail 2.100922037   

 

Table 4.780 Comparing male burn vs uninjured males 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Female 

burn;burn 

arm 

Uninjured 

females 

Mean 20.0437525 20.26875163 

Variance 0.131328638 0.329240788 

Observations 2 8 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

0.688423564  

P(T<=t) one-tail 0.270322112  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.540644223  

t Critical two-tail 3.182446305   

 

Table 4.781 Comparing female burn vs uninjured females 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Male burn 

Uninjured 

males 

Mean 0.984545 

-

0.187500125 

Variance 2.307169458 0.716964218 

Observations 11 8 

Hypothesized Mean 

Difference 0  

df 16  
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t Stat 2.142126544  

P(T<=t) one-tail 0.023956203  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.047912405  

t Critical two-tail 2.119905285   

 

Table 4.782 Comparing interhemispheric differences male burn vs uninjured male 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Female burn 

Uninjured 

females 

Mean 0.0437485 0.33749925 

Variance 0.765701888 0.515625475 

Observations 2 4 

Hypothesized Mean 

Difference 0  

df 2  

t Stat 

-

0.410626483  

P(T<=t) one-tail 0.360579762  

t Critical one-tail 2.91998558  

P(T<=t) two-tail 0.721159524  

t Critical two-tail 4.30265273   

 

Table 4.783 Comparing interhemispheric differences female burn vs uninjured 

female 

4.15 Dominant hand vs non dominant hand burns.  

 

4.15.1 Optimal site location 

4.15.1.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 5.328888889 5.221111111 

Variance 1.260311111 0.666011111 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 0.232962497  

P(T<=t) one-tail 0.409469773  

t Critical one-tail 1.753050325  
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P(T<=t) two-tail 0.818939545  

t Critical two-tail 2.131449536   

 

Table 4.784 Less/uninjured arm vs burn arm; dominant hand burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 5.9625 5.21 

Variance 0.931491667 0.9244 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 1.10474028  

P(T<=t) one-tail 0.155796691  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.311593382  

t Critical two-tail 2.446911846   

 

Table 4.785 Less/uninjured arm vs burn arm; non dominant hand burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Dominant 

hand 

burn;burn 

arm  

Non 

dominant 

hand 

burn;burn 

arm 

Mean 5.221111111 5.21 

Variance 0.666011111 0.9244 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.020115717  

P(T<=t) one-tail 0.492364557  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.984729115  

t Critical two-tail 2.570581835   

 

Table 4.786 Comparing dominant burn patients burn arm with non dominant burn 

patient  burn 

t-Test: Two-Sample Assuming Unequal Variances 

   

  Dominant Non 
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hand burn dominant 

hand burn 

Mean 0.107777778 0.7525 

Variance 0.414969444 0.670891667 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 

-

1.394240452  

P(T<=t) one-tail 0.111015358  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.222030717  

t Critical two-tail 2.570581835   

 

Table 4.787 Comparing interhemispheric differences 

4.15.1.2 Y Coordinate  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 0.895555556 0.618888889 

Variance 1.233852778 1.335961111 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 16  

t Stat 0.517758523  

P(T<=t) one-tail 0.305855743  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.611711485  

t Critical two-tail 2.119905285   

 

Table 4.788 Less/uninjured arm vs burn arm; dominant hand burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 1.1325 1.48 

Variance 1.145091667 0.510066667 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat -0.540213001  

P(T<=t) one-tail 0.30611679  
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t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.612233579  

t Critical two-tail 2.570581835   

 

Table 4.789 Less/uninjured arm vs burn arm; non dominant hand burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Dominant 

hand 

burn;burn 

arm 

Non 

dominant 

hand 

burn;burn 

arm 

Mean 0.618888889 1.48 

Variance 1.335961111 0.510066667 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 9  

t Stat 

-

1.639225309  

P(T<=t) one-tail 0.067794263  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.135588527  

t Critical two-tail 2.262157158   

 

Table 4.790 Comparing dominant burn patients burn arm with non dominant burn 

patient  burn 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Dominant 

hand burn 

Non 

dominant 

hand 

burn 

Mean 0.276666667 -0.3475 

Variance 1.899425 0.592625 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 1.041430538  

P(T<=t) one-tail 0.161099702  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.322199403  

t Critical two-tail 2.228138842   

 

Table 4.791 Comparing interhemispheric differences 
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4.15.2 Centre of Gravity Location 

4.15.2.1 X Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 5.39 5.282222222 

Variance 0.7398 0.360844444 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 14  

t Stat 0.308195971  

P(T<=t) one-tail 0.381235545  

t Critical one-tail 1.761310115  

P(T<=t) two-tail 0.762471091  

t Critical two-tail 2.144786681   

 

Table 4.792 Less/uninjured arm vs burn arm; dominant hand burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 6.105 5.3175 

Variance 1.088166667 0.783358333 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 1.151284723  

P(T<=t) one-tail 0.146709287  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.293418574  

t Critical two-tail 2.446911846   

 

Table 4.793 Less/uninjured arm vs burn arm; non dominant hand burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Dominant 

hand 

burn;burn 

arm 

Non 

dominant 

hand;burn 

arm 

Mean 5.282222222 5.3175 
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Variance 0.360844444 0.783358333 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 

-

0.072628403  

P(T<=t) one-tail 0.472794238  

t Critical one-tail 2.131846782  

P(T<=t) two-tail 0.945588475  

t Critical two-tail 2.776445105   

 

Table 4.794 Comparing dominant burn patients burn arm with non dominant burn 

patient  burn 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Dominant 

hand burn 

Non 

dominant 

hand 

burn 

Mean 0.107777778 0.7875 

Variance 0.147744444 1.396425 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

1.124280117  

P(T<=t) one-tail 0.171367216  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.342734431  

t Critical two-tail 3.182446305   

 

Table 4.795 Comparing interhemispheric differences 

 

4.15.2.2 Y Coordinate 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm 

Burn 

arm 

Mean 0.854444444 0.53 

Variance 1.174652778 1.4223 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 16  
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t Stat 0.603989753  

P(T<=t) one-tail 0.27715923  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.55431846  

t Critical two-tail 2.119905285   

 

Table 4.796 Less/uninjured arm vs burn arm; dominant hand burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 1.1075 1.2775 

Variance 0.973158333 0.266691667 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat -0.305347483  

P(T<=t) one-tail 0.386202195  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.772404391  

t Critical two-tail 2.570581835   

 

Table 4.797 Less/uninjured arm vs burn arm; non dominant hand burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

 Dominant 

hand 

burn;burn 

arm 

Non 

dominant 

hand 

burn;burn 

arm 

Mean 0.53 1.2775 

Variance 1.4223 0.266691667 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 11  

t Stat 

-

1.576898068  

P(T<=t) one-tail 0.071561558  

t Critical one-tail 1.795884814  

P(T<=t) two-tail 0.143123116  

t Critical two-tail 2.200985159   

 

Table 4.798 Comparing dominant burn patients burn arm with non dominant burn 

patient  burn 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Dominant 

hand burn 

Non 

dominant 

hand burn 

Mean 0.324444444 -0.17 

Variance 1.456927778 0.765666667 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 8  

t Stat 0.831854175  

P(T<=t) one-tail 0.214810267  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.429620533  

t Critical two-tail 2.306004133   

 

Table 4.799 Comparing interhemispheric differences 

 

4.15.3 TMS Map Area 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

side Burn arm 

Mean 24.86111111 21.70888889 

Variance 30.56931111 17.88646111 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 1.358517764  

P(T<=t) one-tail 0.097190168  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.194380335  

t Critical two-tail 2.131449536   

 

Table 4.800 Less/uninjured arm vs burn arm; dominant 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 25.0275 21.5875 

Variance 10.70275833 22.023425 

Observations 4 4 

Hypothesized Mean 0  
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Difference 

df 5  

t Stat 1.202654162  

P(T<=t) one-tail 0.141474693  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.282949386  

t Critical two-tail 2.570581835   

 

Table 4.801 Less/uninjured arm vs burn arm; non dominant 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Dominant 

hand 

burn;burn 

arm  

Non 

dominant 

hand;burn 

arm 

Mean 21.70888889 21.5875 

Variance 17.88646111 22.023425 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.044344942  

P(T<=t) one-tail 0.483172981  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.966345962  

t Critical two-tail 2.570581835   

 

Table 4.802 Comparing dominant burn arm with non dominant burn arm 

• Comparing interhemispheric differences 

 

 Wilcoxon rank sum test 

 

data:  domburnmapdiffs and nondomburnmapdiffs  

W = 13, p-value = 0.5035 

alternative hypothesis: true location shift is not equal to 0 

4.15.4 Average MEP Amplitude 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 6.164126517 5.647786456 

Variance 4.754897909 3.94243203 

Observations 9 9 

Hypothesized Mean 

Difference 0  
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df 16  

t Stat 0.525247633  

P(T<=t) one-tail 0.30330693  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.606613861  

t Critical two-tail 2.119905285   

 

Table 4.803 Less/uninjured arm vs burn arm; dominant hand burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 3.3564092 2.796449613 

Variance 3.815679101 5.020578588 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 0.376749335  

P(T<=t) one-tail 0.359662093  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.719324186  

t Critical two-tail 2.446911846   

 

Table 4.804 Less/uninjured arm vs burn arm; non dominant hand burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Dominant 

hand 

burn;burn 

arm  

Non 

dominant 

hand 

burn;burn 

arm 

Mean 5.647786456 2.796449613 

Variance 3.94243203 5.020578588 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 2.191267202  

P(T<=t) one-tail 0.039984429  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.079968858  

t Critical two-tail 2.570581835   

 

Table 4.805 Comparing dominant burn patients burn arm with non dominant burn 

patient  burn 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Dominant 

hand burn 

Non 

dominant 

hand burn 

Mean 0.516340061 0.559959588 

Variance 4.628901418 2.280585664 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 8  

t Stat -0.04188634  

P(T<=t) one-tail 0.48380792  

t Critical one-tail 1.859548033  

P(T<=t) two-tail 0.967615839  

t Critical two-tail 2.306004133   

 

Table 4.806 Comparing interhemispheric differences 

 

4.15.5 Threshold  

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 49 48.44444444 

Variance 49.25 77.02777778 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 15  

t Stat 0.148315071  

P(T<=t) one-tail 0.442034782  

t Critical one-tail 1.753050325  

P(T<=t) two-tail 0.884069565  

t Critical two-tail 2.131449536   

 

Table 4.807 Less/uninjured arm vs burn arm; dominant hand burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 68.25 70.25 

Variance 228.9166667 467.5833333 

Observations 4 4 

Hypothesized Mean 0  
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Difference 

df 5  

t Stat -0.151565177  

P(T<=t) one-tail 0.442727735  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.88545547  

t Critical two-tail 2.570581835   

 

Table 4.808 Less/uninjured arm vs burn arm; non dominant hand burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Dominant 

hand 

burn;burn 

arm 

Non 

dominant 

hand 

burn;burn 

arm 

Mean 48.44444444 70.25 

Variance 77.02777778 467.5833333 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 3  

t Stat 

-

1.946812279  

P(T<=t) one-tail 0.073365185  

t Critical one-tail 2.353363435  

P(T<=t) two-tail 0.14673037  

t Critical two-tail 3.182446305   

 

Table 4.809 Comparing dominant burn patients burn arm with non dominant burn 

patient  burn 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Dominant 

hand burn 

Non 

dominant 

hand 

burn 

Mean 0.555555556 -2 

Variance 105.0277778 176 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.342511911  

P(T<=t) one-tail 0.37294727  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.745894539  
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t Critical two-tail 2.570581835   

 

Table 4.810 Comparing interhemispheric differences 

 

4.15.6 Silent Period 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

burn Burn arm 

Mean 142.2219483 145.8472237 

Variance 143.545014 1693.818208 

Observations 9 9 

Hypothesized Mean 

Difference 0  

df 9  

t Stat -0.253725865  

P(T<=t) one-tail 0.402704311  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.805408623  

t Critical two-tail 2.262157158   

 

Table 4.811 Less/uninjured arm vs burn arm; dominant hand burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm  Burn arm 

Mean 110.9562538 104.8062578 

Variance 1489.595651 505.4326396 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.275378671  

P(T<=t) one-tail 0.397021529  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.794043058  

t Critical two-tail 2.570581835   

 

Table 4.812 Less/uninjured arm vs burn arm; non dominant hand burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Dominant 

hand 

burn;burn 

Non 

dominant 

hand;burn 
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arm arm 

Mean 145.8472237 104.8062578 

Variance 1693.818208 505.4326396 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 10  

t Stat 2.314012492  

P(T<=t) one-tail 0.021605582  

t Critical one-tail 1.812461102  

P(T<=t) two-tail 0.043211163  

t Critical two-tail 2.228138842   

 

Table 4.813 Comparing dominant burn patients burn arm with non dominant burn 

patient  burn 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Dominant 

hand burn 

Non 

dominant 

hand burn 

Mean 

-

3.625275333 6.149996 

Variance 1144.60422 1250.94416 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 

-

0.466063173  

P(T<=t) one-tail 0.328804828  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.657609657  

t Critical two-tail 2.446911846   

 

Table 4.814 Comparing interhemispheric differences 

 

4.15.7 Latency 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 22.36444511 21.81388983 

Variance 3.7715961 3.060600435 

Observations 9 9 

Hypothesized Mean 

Difference 0  
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df 16  

t Stat 0.631890767  

P(T<=t) one-tail 0.26819165  

t Critical one-tail 1.745883669  

P(T<=t) two-tail 0.536383301  

t Critical two-tail 2.119905285   

 

Table 4.815 Less/uninjured arm vs burn arm; dominant hand burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Less/uninjured 

arm Burn arm 

Mean 23.13437588 21.64375225 

Variance 1.910354261 3.530988204 

Observations 4 4 

Hypothesized Mean 

Difference 0  

df 6  

t Stat 1.278041528  

P(T<=t) one-tail 0.124224671  

t Critical one-tail 1.943180274  

P(T<=t) two-tail 0.248449342  

t Critical two-tail 2.446911846   

 

Table 4.816 Less/uninjured arm vs burn arm; non dominant hand burns 

t-Test: Two-Sample Assuming Unequal Variances 

   

  

Dominant 

hand 

burn;burn 

arm 

Non 

dominant 

hand;burn 

arm 

Mean 21.81388983 21.64375225 

Variance 3.060600435 3.530988204 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 5  

t Stat 0.153858006  

P(T<=t) one-tail 0.441869428  

t Critical one-tail 2.015048372  

P(T<=t) two-tail 0.883738856  

t Critical two-tail 2.570581835   

 

Table 4.817 Comparing dominant burn patients burn arm with non dominant burn 

patient  burn 
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t-Test: Two-Sample Assuming Unequal Variances 

   

  

Dominant 

hand burn 

Non 

dominant 

hand burn 

Mean 0.550555278 1.490623625 

Variance 2.443682006 1.112850174 

Observations 9 4 

Hypothesized Mean 

Difference 0  

df 9  

t Stat -1.26789596  

P(T<=t) one-tail 0.118326118  

t Critical one-tail 1.833112923  

P(T<=t) two-tail 0.236652236  

t Critical two-tail 2.262157158   

 

Table 4.818 Comparing interhemispheric differences 

 

 



 

5.   Appendix 5   Tests for normality  
 

The raw output from R for the shapiro-wilk normality tests for the patients burn arm, 

their less injured/uninjured arm and the uninjured subjects. 

 

5.1. Burns patients optimal site x coordinate- burn arm 

 

> Ptoptburnx<-c(5.93,5.35,4.02,4.86,5.41,4.01,6.42,4.1,6.36,4.76,5.52,5.59,5.5) 

> shapiro.test(Ptoptburnx) 

 

 Shapiro-Wilk normality test 

 

data:  Ptoptburnx  

W = 0.922, p-value = 0.2669 

 

5.2. Burns patients optimal site x coordinate- less/uninjured arm 

 

> Ptoptotherx<-c(6.49,5.67,4.78,6.68,5.84,3.18,6.59,4.92,6.88,4.8,5.37,6.19,4.42) 

> shapiro.test(Ptoptotherx) 

 

 Shapiro-Wilk normality test 

 

data:  Ptoptotherx  

W = 0.939, p-value = 0.4439 

 

5.3. Burns patients interhemispheric differences in optimal site x coordinate 

(calculated by subtracting burn arm from less/uninjured arm, absolute 

value of coordinate) 

 

> ptoptdiffx<-c(0.56,0.32,0.76,1.82,0.43,-0.83,0.17,0.82,0.52,0.04,-0.15,0.6,-1.08) 

> shapiro.test(ptoptdiffx) 

 

 Shapiro-Wilk normality test 

 

data:  ptoptdiffx  

W = 0.942, p-value = 0.4833 

 

5.4. Burns patients optimal site y coordinate- burn arm 

 

> ptoptburny<-c(2.88,1.04,1.22,2.27,-0.04,-0.12,0.54,1.48,1.63,-0.96,0.54,-0.37,1.38) 

> shapiro.test(ptoptburny) 

 

 Shapiro-Wilk normality test 

 



data:  ptoptburny  

W = 0.9834, p-value = 0.9919 

 

5.5. Burns patients optimal site y coordinate- less/uninjured arm 

 

 

> ptoptothery<-c(0.37,0.37,1.04,2.67,2.24,-0.04,1.2,0.21,0.95,-0.7,0.7,0.7,2.88) 

> shapiro.test(ptoptothery) 

 

 Shapiro-Wilk normality test 

 

data:  ptoptothery  

W = 0.9297, p-value = 0.3379 

 

5.6. Burns patients interhemispheric differences in optimal site y coordinate 

(calculated by subtracting burn arm from less/uninjured arm, absolute 

value of coordinate) 

 

 

> ptoptdiffy<-c(-2.51,-0.67,-0.18,0.4,2.28,0.08,0.66,-1.27,-0.68,0.26,0.16,1.07,1.5) 

> shapiro.test(ptoptdiffy) 

 

 Shapiro-Wilk normality test 

 

data:  ptoptdiffy  

W = 0.982, p-value = 0.9877 

 

5.7. Uninjured subjects optimal site x coordinate- right am 

 

> uninjuredoptrightx<-c(5.85,4.89,6.32,7.09,6.61,4.28,5.16,5.32,5.71,5.75,6.38,5.99) 

> shapiro.test(uninjuredoptrightx) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredoptrightx  

W = 0.9894, p-value = 0.9996 

 

5.8. Uninjured subjects optimal site x coordinate- left arm 

 

> uninjuredoptleftx<-c(6.04,7.57,6.24,4.56,6.8,4.52,5.59,6.35,5.47,7.24,5.74,6.06) 

> shapiro.test(uninjuredoptleftx) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredoptleftx  

W = 0.9624, p-value = 0.8174 



 

5.9. Uninjured subjects interhemispheric differences in optimal site x 

coordinate- calculated by subtracting the right arm from the left arm, 

absolute value of coordinate) 

 

> uninjuredoptdiffx<-c(0.19,2.68,-0.08,-2.53,0.19,0.24,0.43,1.03,-0.24,1.49,-0.64,0.07) 

> shapiro.test(uninjuredoptdiffx) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredoptdiffx  

W = 0.9207, p-value = 0.2918 

 

5.10. Uninjured subjects optimal site y coordinate- right am 

 

> uninjuredoptrighty<-c(1.12,1.73,-0.12,0.62,-1.29,0.96,-0.12,0.87,0.79,1.04,1.71,2.24) 

> shapiro.test(uninjuredoptrighty) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredoptrighty  

W = 0.9452, p-value = 0.5687 

 

5.11. Uninjured subjects optimal site y coordinate- left arm 

 

> uninjuredoptlefty<-c(2.15,0.45,0.04,1.13,1.46,0.96,-1.04,1.78,0.79,1.2,1.38,4.05) 

> shapiro.test(uninjuredoptlefty) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredoptlefty  

W = 0.9377, p-value = 0.4692 

 

5.12. Uninjured subjects interhemispheric differences in optimal site y 

coordinate- calculated by subtracting the right arm from the left arm, 

absolute value of coordinate) 

 

> uninjuredoptdiffy<-c(1.03,-1.28,0.16,0.51,2.75,0,-0.92,0.91,0,0.16,-0.33,1.81) 

> shapiro.test(uninjuredoptdiffy) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredoptdiffy  

W = 0.9582, p-value = 0.7573 

 

5.13. Burns patients centre of gravity x coordinate- burn arm 



 

 

> ptcogburnx<-c(5.82,5.66,4.58,4.94,5.49,4.29,6.19,4.28,6.28,4.98,5.77,5.17,5.36) 

> shapiro.test(ptcogburnx) 

 

 Shapiro-Wilk normality test 

 

data:  ptcogburnx  

W = 0.9544, p-value = 0.6655 

 

5.14. Burns patients centre of gravity x coordinate- less/uninjured arm 

 

> ptcogotherx<-c(6.5,6.04,5.02,7.29,5.54,3.62,6.28,5.16,6.67,5.02,5.3,5.26,5.23) 

> shapiro.test(ptcogotherx) 

 

 Shapiro-Wilk normality test 

 

data:  ptcogotherx  

W = 0.9466, p-value = 0.5479 

 

5.15. Burns patients interhemispheric differences in centre of gravity x 

coordinate (calculated by subtracting burn arm from less/uninjured arm, 

absolute value of coordinate) 

 

> ptcogdiffx<-c(0.68,0.38,0.44,2.35,0.05,-0.67,0.09,0.88,0.39,0.04,-0.47,0.09,-0.13) 

> shapiro.test(ptcogdiffx) 

 

 Shapiro-Wilk normality test 

 

data:  ptcogdiffx  

W = 0.8544, p-value = 0.03252 

 

5.16. Burns patients interhemispheric differences in centre of gravity x 

coordinate (calculated by subtracting burn arm from less/uninjured arm, 

absolute value of coordinate)- minus outlier 

 

 

> ptcogdiffx<-c(0.68,0.38,0.44,0.05,-0.67,0.09,0.88,0.39,0.04,-0.47,0.09,-0.13) 

> shapiro.test(ptcogdiffx) 

 

 Shapiro-Wilk normality test 

 

data:  ptcogdiffx  

W = 0.9687, p-value = 0.8963 

 

5.17. Burns patients centre of gravity y coordinate- burn arm 



 

> ptcogburny<-c(2.79,0.95,0.87,1.64,0.04,-0.54,0.7,1.3,1.63,-1.21,0.54,-0.29,1.46) 

> shapiro.test(ptcogburny) 

 

 Shapiro-Wilk normality test 

 

data:  ptcogburny  

W = 0.9817, p-value = 0.9865 

 

5.18. Burns patients centre of gravity y coordinate- less/uninjured arm 

 

> ptcogothery<-c(0.45,0.79,1.04,2.4,1.98,-0.46,1.63,0.04,1.2,-1.04,0.79,1.04,2.26) 

> shapiro.test(ptcogothery) 

 

 Shapiro-Wilk normality test 

 

data:  ptcogothery  

W = 0.9668, p-value = 0.8535 

 

5.19. Burns patients interhemispheric differences in centre of gravity y 

coordinate (calculated by subtracting burn arm from less/uninjured arm, 

absolute value of coordinate) 

 

 

> ptcogdiffy<-c(-2.34,-0.16,0.17,0.76,1.94,0.08,0.93,-1.26,-0.43,0.17,0.25,1.33,0.8) 

> shapiro.test(ptcogdiffy) 

 

 Shapiro-Wilk normality test 

 

data:  ptcogdiffy  

W = 0.9488, p-value = 0.5801 

 

 

5.20. Uninjured subjects centre of gravity x coordinate- right arm 

 

> uninjuredcogrightx<-c(5.3,5.33,6.07,6.92,6.3,4.54,5.25,5.6,6.08,5.97,6.26,5.91) 

> shapiro.test(uninjuredcogrightx) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredcogrightx  

W = 0.9674, p-value = 0.8816 

 

5.21. Uninjured subjects centre of gravity x coordinate- left arm 

 

> uninjuredcogleftx<-c(6.06,6.66,6.24,4.58,6.92,5.02,5.75,6.7,5.38,7.23,5.72,5.95) 



> shapiro.test(uninjuredcogleftx) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredcogleftx  

W = 0.9798, p-value = 0.983 

 

5.22. Uninjured subjects interhemispheric differences in centre of gravity x 

coordinate- calculated by subtracting the right arm from the left arm, 

absolute value of coordinate) 

 

> uninjuredcogdiffx<-c(0.76,1.33,0.17,-2.34,0.62,0.48,0.5,1.1,-0.7,1.26,-0.54,0.04) 

> shapiro.test(uninjuredcogdiffx) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredcogdiffx  

W = 0.8765, p-value = 0.07915 

 

5.23. Uninjured subjects centre of gravity y coordinate – right arm 

 

> uninjuredcogrighty<-c(1.21,-0.12,-0.04,0.54,-0.87,0.62,-0.12,0.54,0.29,0.87,1.54,2.24) 

> shapiro.test(uninjuredcogrighty) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredcogrighty  

W = 0.9751, p-value = 0.9562 

 

5.24. Uninjured subjects centre of gravity y coordinate- left arm 

> uninjuredcoglefty<-c(1.98,1.12,-0.04,1.21,1.2,1.04,-1.04,1.71,0.79,1.12,1.29,3.86) 

> shapiro.test(uninjuredcoglefty) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredcoglefty  

W = 0.891, p-value = 0.1213 

 

5.25. Uninjured subjects interhemispheric differences in centre of gravity y 

coordinate- calculated by subtracting the right arm from the left arm, 

absolute value of coordinate) 

 

> uninjuredcogdiffy<-c(0.77,1.24,0,0.67,2.07,0.42,-0.92,1.17,0.5,0.25,-0.25,1.62) 

> shapiro.test(uninjuredcogdiffy) 

 

 Shapiro-Wilk normality test 



 

data:  uninjuredcogdiffy  

W = 0.9937, p-value = 1 

 

5.26. Burns patients average motor evoked potential (MEP) amplitude- 

burn arm 

 

> ptmepburn<-

c(5.18325805,3.1400299,2.1570968,0.8208465,7.17788695,4.8668292,7.37361915,3.46

75216,1.2286375,6.5936277,5.66879285,8.0050277,6.33270265) 

> shapiro.test(ptmepburn) 

 

 Shapiro-Wilk normality test 

 

data:  ptmepburn  

W = 0.938, p-value = 0.4315 

 

5.27. Burns patients MEP amplitude – less/uninjured arm 

 

> ptmepopther<-

c(9.437866,4.09900665,3.1969836,1.49524705,5.82057965,7.021675,5.21152495,5.688

324,2.0177464,4.24045565,4.22431935,8.612667,7.83638015) 

> shapiro.test(ptmepopther) 

 

 Shapiro-Wilk normality test 

 

data:  ptmepopther  

W = 0.9707, p-value = 0.9027 

 

5.28. Burns patients interhemispheric differences in MEP amplitude 

(subtract burn arm from less/uninjured arm value) 

 

> ptmepdiff<-c(4.25460795,0.95897675,1.0398868,0.67440055,-1.3573073,2.1548458,-

2.1620942,2.2208024,0.7891089,-2.35317205,-1.4444735,0.6076393,1.5036775) 

> shapiro.test(ptmepdiff) 

 

 Shapiro-Wilk normality test 

 

data:  ptmepdiff  

W = 0.9385, p-value = 0.4382 

 

5.29. Uninjured subjects MEP amplitude – right arm 

 

> uninjuredmepright<-

c(5.427742,0.66646548,3.0307388,9.87072,4.5740888,3.91273495,4.7726822,5.263557

4,9.330406,8.636589,6.30188,8.673096) 



> shapiro.test(uninjuredmepright) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredmepright  

W = 0.9496, p-value = 0.6317 

 

5.30. Uninjured subjects MEP amplitude- left arm 

 

> uninjuredmepleft<-

c(3.4236525,5.899887,5.13305685,5.61897255,4.5468903,7.1342088,4.13665775,5.586

85305,9.6496585,7.0700072,3.51661705,2.637291) 

> shapiro.test(uninjuredmepleft) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredmepleft  

W = 0.9526, p-value = 0.6759 

 

5.31. Uninjured subjects interhemispheric differences in MEP (subtract 

right arm value from left arm value) 

 

> uninjuredmepdiff<-c(-2.0040895,5.23342152,2.10231805,-4.25174745,-

0.0271985,3.22147385,-0.63602445,0.32329565,0.3192525,-1.5665818,-2.78526295,-

6.035805) 

> shapiro.test(uninjuredmepdiff) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredmepdiff  

W = 0.9905, p-value = 0.9998 

 

 

5.32. Burns patients silent period duration- burn arm 

 

> ptspburn<-

c(225.45001,157.17499,121.05,98.850006,137.375,180.00002,150.425,129.15001,76.65

001,150.29999,114.575005,88.112503,102.7375) 

> shapiro.test(ptspburn) 

 

 Shapiro-Wilk normality test 

 

data:  ptspburn  

W = 0.9555, p-value = 0.6834 

 

5.33. Burns patients silent period duration- less/uninjured arm 



 

> ptspother<-

c(158.82501,141.475,128.25,59.875,135.3,139.45001,152.77501,124.27501,107.825005,

159.70001,151.85,131.997495,132.225) 

> shapiro.test(ptspother) 

 

 Shapiro-Wilk normality test 

 

data:  ptspother  

W = 0.8233, p-value = 0.01306 

 

5.34. Burns patients silent period duration- less/uninjured arm minus 

outlier 

 

> ptspother<-

c(158.82501,141.475,128.25,135.3,139.45001,152.77501,124.27501,107.825005,159.70

001,151.85,131.997495,132.225) 

> shapiro.test(ptspother) 

 

 Shapiro-Wilk normality test 

 

data:  ptspother  

W = 0.955, p-value = 0.7113 

 

 

5.35. Burns patients interhemispheric differences in silent period duration 

(subtract burn arm from less/uninjured arm value) 

 

> ptspdiff<-c(-66.625,-15.69999,7.2,-38.975006,-2.075,-40.55001,2.35001,-

4.875,31.174995,9.40002,37.274995,43.884992,29.4875) 

> shapiro.test(ptspdiff) 

 

 Shapiro-Wilk normality test 

 

data:  ptspdiff  

W = 0.9486, p-value = 0.5774 

 

5.36. Uninjured subjects silent period duration- right arm 

 

> uninjuredspright<-

c(136.0375,184,145.725,172.625,131.95001,144.27501,149.125,121.775,140.57501,198.

1,152.09999,126.1375) 

> shapiro.test(uninjuredspright) 

 

 Shapiro-Wilk normality test 

 



data:  uninjuredspright  

W = 0.9095, p-value = 0.2105 

 

5.37. Uninjured subjects silent period duration- left arm 

 

> uninjuredspleft<-

c(119.4875,228.37502,147.67502,145.6,150.9,77.675,92.975006,160.75,188.07501,173.

25002,158.25,127.575005) 

> shapiro.test(uninjuredspleft) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredspleft  

W = 0.9766, p-value = 0.9666 

 

5.38. Uninjured subjects interhemispheric differences in silent period 

duration (subtract right arm from left arm value) 

 

> uninjuredspdiff<-c(-16.55,44.37502,1.95002,-27.025,18.94999,-66.60001,-

56.149994,38.975,47.5,-24.84998,6.15001,1.437505) 

> shapiro.test(uninjuredspdiff) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredspdiff  

W = 0.9499, p-value = 0.635 

 

5.39. Burns patients latency duration- burn arm 

 

> ptlatencyburn<-

c(21.95,20.600002,23.575,20.900002,20.300003,21.95,21.800001,19.575003,24.000002,

19.787502,22.100002,20.9750005,25.3875) 

> shapiro.test(ptlatencyburn) 

 

 Shapiro-Wilk normality test 

 

data:  ptlatencyburn  

W = 0.9336, p-value = 0.3791 

 

5.40. Burns patients latency duration- less/uninjured arm 

 

> ptlatencyother<-

c(25.6,21.95,21.8,22.1,19.725002,22.400002,23.425001,21.8,24.125002,20.45,24.51250

15,21.13,24.800001) 

> shapiro.test(ptlatencyother) 

 



 Shapiro-Wilk normality test 

 

data:  ptlatencyother  

W = 0.9621, p-value = 0.7854 

 

5.41. Burns patients interhemispheric differences in latency duration 

(subtract burn arm value from less/uninjured arm value) 

 

> ptlatencydiff<-c(3.65,1.349998,-1.775,1.199998,-

0.575001,0.450002,1.625,2.224997,0.125,0.662498,2.4124995,0.1549995,-0.587499) 

> shapiro.test(ptlatencydiff) 

 

 Shapiro-Wilk normality test 

 

data:  ptlatencydiff  

W = 0.9897, p-value = 0.9996 

 

5.42. Uninjured subjects latency duration- right arm 

 

> uninjuredlatencyright<-

c(24.525002,20.750002,24.025002,25.300001,20.650002,21.35,21.8,24.45,22.550003,20

.000002,21.625002,19.000002) 

> shapiro.test(uninjuredlatencyright) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredlatencyright  

W = 0.9479, p-value = 0.6068 

 

5.43. Uninjured subjects latency duration- left arm 

 

> uninjuredlatencyleft<-

c(24.000002,20.75,23.150003,23.875002,20.350002,21.65,22.7,24.45,21.8,20.300001,22

.500002,20.350002) 

> shapiro.test(uninjuredlatencyleft) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredlatencyleft  

W = 0.9135, p-value = 0.2368 

 

5.44. Uninjured subjects interhemispheric differences in latency duration 

(subtract right arm value from left arm value) 

 

> uninjuredlatencydiff<-c(-0.525,-2E-06,-0.874999,-1.424999,-0.3,0.3,0.9, 

+ 0,-0.750003,0.299999,0.875,1.35) 



> shapiro.test(uninjuredlatencydiff) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredlatencydiff  

W = 0.9817, p-value = 0.9894 

 

5.45. Burns patients lnThreshold value- burn arm 

 

> ptlnthresburn<-

c(4.094344562,4.060443011,3.80666249,4.49980967,4.007333185,3.80666249,4.00733

3185,4.143134726,4.442651256,3.688879454,3.761200116,3.555348061,3.761200116) 

> shapiro.test(ptlnthresburn) 

 

 Shapiro-Wilk normality test 

 

data:  ptlnthresburn  

W = 0.9371, p-value = 0.4203 

 

5.46. Burns patients lnThreshold value- less/uninjured arm 

 

> ptlnthresother<-

c(4.007333185,3.761200116,3.688879454,4.49980967,4.094344562,3.688879454,3.871

201011,4.143134726,4.17438727,3.912023005,4.007333185,3.912023005,4.007333185) 

> shapiro.test(ptlnthresother) 

 

 Shapiro-Wilk normality test 

 

data:  ptlnthresother  

W = 0.9353, p-value = 0.3985 

 

5.47. Burns patients interhemispheric differences in threshold value 

 

> ptthresdiff<-c(-5,-15,-5,0,5,-5,-7,0,-20,10,12,15,12) 

> shapiro.test(ptthresdiff) 

 

 Shapiro-Wilk normality test 

 

data:  ptthresdiff  

W = 0.9477, p-value = 0.5632 

 

5.48. Uninjured subjects lnThreshold value – right arm 

 

> uninjuredlnthresright<-

c(4.007333185,4.356708827,4.007333185,4.043051268,3.970291914,3.871201011,3.76

1200116,3.688879454,3.688879454,3.688879454,3.761200116,3.80666249) 



> shapiro.test(uninjuredlnthresright) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredlnthresright  

W = 0.8753, p-value = 0.07631 

 

5.49. Uninjured subjects lnThreshold value- left arm 

 

> uninjurelnthresleft<-

c(3.912023005,4.304065093,3.912023005,4.17438727,3.871201011,3.871201011,3.806

66249,3.912023005,3.63758616,3.63758616,3.80666249,3.80666249) 

> shapiro.test(uninjurelnthresleft) 

 

 Shapiro-Wilk normality test 

 

data:  uninjurelnthresleft  

W = 0.8779, p-value = 0.08235 

 

5.50. Uninjured subjects interhemispheric differences in threshold value 

(subtract left arm from right arm value) 

 

> uninjuredthresdiff<-c(-5,-4,-5,8,-5,0,2,10,-2,-2,2,0) 

> shapiro.test(uninjuredthresdiff) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredthresdiff  

W = 0.8726, p-value = 0.07055 

 

5.51. Burns patients map area- burn arm 

 

> ptmapburn<-

c(21.29,23.59,27.96,15.3,22.26,19.23,24.29,20.98,23.94,25.4,26.13,16.34,15.02) 

> shapiro.test(ptmapburn) 

 

 Shapiro-Wilk normality test 

 

data:  ptmapburn  

W = 0.9413, p-value = 0.474 

 

5.52. Burns patients map area- less/uninjured arm 

 

> ptmapother<-

c(21.06,24.18,26.23,23.36,16.74,19.3,27,24.14,22.75,24.54,29.86,29.7,35) 

> shapiro.test(ptmapother) 



 

 Shapiro-Wilk normality test 

 

data:  ptmapother  

W = 0.9768, p-value = 0.9603 

 

5.53. Burns patients interhemispheric differences in map area (subtract 

burn arm from less/uninjured arm) 

 

> ptmapdiff<-c(-0.23,0.59,-1.73,8.06,-5.52,0.07,2.71,3.16,-1.19,-0.86,3.73,13.36,19.98) 

> shapiro.test(ptmapdiff) 

 

 Shapiro-Wilk normality test 

 

data:  ptmapdiff  

W = 0.8604, p-value = 0.03895 

 

5.54. Uninjured subjects map area- right arm 

 

> uninjuredmapright<-

c(23.65,82.6,18.36,28.5,51,21.73,19.83,22.29,27.82,27.49,19.09,28.5) 

> shapiro.test(uninjuredmapright) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredmapright  

W = 0.6557, p-value = 0.0003256 

 

5.55. Uninjured subjects map area- left arm 

> uninjuredmapleft<-

c(20.46,94.29,28.69,19.06,38.05,20.12,23.32,26.86,21.68,29.63,13.37,16) 

> shapiro.test(uninjuredmapleft) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredmapleft  

W = 0.6176, p-value = 0.0001509 

 

5.56. Uninjured subjects interhemispheric differences in map area 

(subtract right arm value from left arm value) 

 

> uninjuredmapdiff<-c(-3.19,11.69,10.33,-9.44,-12.95,-1.61,3.49,4.57,-6.14,2.14,-5.72,-

12.5) 

> shapiro.test(uninjuredmapdiff) 

 

 Shapiro-Wilk normality test 



 

data:  uninjuredmapdiff  

W = 0.9534, p-value = 0.6875 

 

5.57. Uninjured subjects optimal site x coordinate- all arms 

> uninjuredoptxall<-

c(6.04,7.57,6.24,4.56,6.8,4.52,5.59,6.35,5.47,7.24,5.74,6.06,5.85,4.89,6.32,7.09,6.61,4.2

8,5.16,5.32,5.71,5.75,6.38,5.99) 

> shapiro.test(uninjuredoptxall) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredoptxall  

W = 0.9834, p-value = 0.9498 

 

5.58. Uninjured subjects optimal site y coordinate- all arms 

> uninjuredoptyall<-c(2.15,0.45,0.04,1.13,1.46,0.96,-

1.04,1.78,0.79,1.2,1.38,4.05,1.12,1.73,-0.12,0.62,-1.29,0.96,-

0.12,0.87,0.79,1.04,1.71,2.24) 

> shapiro.test(uninjuredoptyall) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredoptyall  

W = 0.9462, p-value = 0.2240 

 

5.59. Uninjured subjects centre of gravity x coordinate- all arms 

> uninjuredcogxall<-

c(6.06,6.66,6.24,4.58,6.92,5.02,5.75,6.7,5.38,7.23,5.72,5.95,5.3,5.33,6.07,6.92,6.3,4.54,5

.25,5.6,6.08,5.97,6.26,5.91) 

> shapiro.test(uninjuredcogxall) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredcogxall  

W = 0.9779, p-value = 0.8542 

 

5.60. Uninjured subjects centre of gravity y coordinate- all arms 

> uninjuredcogyall<-c(1.98,1.12,-0.04,1.21,1.2,1.04,-1.04,1.71,0.79,1.12,1.29,3.86,1.21,-

0.12,-0.04,0.54,-0.87,0.62,-0.12,0.54,0.29,0.87,1.54,2.24) 

> shapiro.test(uninjuredcogyall) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredcogyall  

W = 0.9495, p-value = 0.2643 



5.61. Uninjured subjects lnThreshold – all arms minus outlier 

 

> uninjuredlnthresall<-

c(3.912023005,3.912023005,4.17438727,3.871201011,3.871201011,3.80666249,3.9120

23005,3.63758616,3.63758616,3.80666249,3.80666249,4.007333185,4.007333185,4.043

051268,3.970291914,3.871201011,3.761200116,3.688879454,3.688879454,3.688879454

,3.761200116,3.80666249) 

> shapiro.test(uninjuredlnthresall) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredlnthresall  

W = 0.964, p-value = 0.5737 

 

5.62. Uninjured subjects silent period- all arms 

 

> uninjuredspall<-

c(119.4875,228.37502,147.67502,145.6,150.9,77.675,92.975006,160.75,188.07501,173.

25002,158.25,127.575005,136.0375,184,145.725,172.625,131.95001,144.27501,149.125,

121.775,140.57501,198.1,152.09999,126.1375) 

> shapiro.test(uninjuredspall) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredspall  

W = 0.974, p-value = 0.7659 

 

5.63. Uninjured subjects latency duration – all arms 

> uninjuredlatencyall<-

c(24.000002,20.75,23.150003,23.875002,20.350002,21.65,22.7,24.45,21.8,20.300001,22

.500002,20.350002,24.525002,20.750002,24.025002,25.300001,20.650002,21.35,21.8,24

.45,22.550003,20.000002,21.625002,19.000002) 

> shapiro.test(uninjuredlatencyall) 

 

 Shapiro-Wilk normality test 

 

data:  uninjuredlatencyall  

W = 0.9538, p-value = 0.3262 

 

5.64. Uninjured subjects MEP amplitude- all arms 

> uninjuredmepall<-

c(3.4236525,5.899887,5.13305685,5.61897255,4.5468903,7.1342088,4.13665775,5.586

85305,9.6496585,7.0700072,3.51661705,2.637291,5.427742,0.66646548,3.0307388,9.87

072,4.5740888,3.91273495,4.7726822,5.2635574,9.330406,8.636589,6.30188,8.673096) 

> shapiro.test(uninjuredmepall) 

 



 Shapiro-Wilk normality test 

 

data:  uninjuredmepall  

W = 0.9633, p-value = 0.5086 
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