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ABSTRACT 

 

Lower limb soft tissue sarcomas are rare malignant tumours that often occupy large 

portions of muscular tissue, peripheral nerves or bone. Major muscle and peripheral 

nerve resections are now less likely to result in limb amputation due to the use of neo-

adjuvant and/or adjuvant therapy, and the ability to obtain a wide surgical margin, 

allowing limb salvage surgery (LSS) to be the preferred treatment modality. However, 

LSS may still leave patients with functional disabilities which may cause persistent 

emotional and social suffering. Numerous randomised studies have investigated the 

effects of exercise interventions in cancer survivors, revealing aerobic, resistance, and 

their combination to be safe, feasible and beneficial interventions. Currently, no 

researchers have investigated the effects of an exercise rehabilitation programme on 

the restoration of lower limb function following major muscle loss or denervation due 

to sarcoma resection; and no recommendations have been made for exercising 

patients with damage to their sciatic or femoral nerve.  In this study we evaluated the 

effects of a 12 week supervised exercise programme on muscle strength, muscle 

mobility, functional movement, quality of life (QOL) and ability to perform activities of 

daily living.  

 

Nine patients (5 female, 4 male) with damage to their sciatic or femoral nerve, or 

respective areas of muscle innervation following LSS, participated in the study. 

Patients attended the clinic three times per week for 12 weeks of supervised exercise 

rehabilitation which comprised of aerobic, resistance and hydrotherapy training. 

Patients’ physical and mental status in the form of the Short Form 36 (SF-36), Toronto 

Extremity Salvage Score (TESS), High Level Mobility Assessment Tool (HiMAT), strength 

(isokinetic and/or 3RM), joint range of motion (ROM), six minute walk test (6MWT) 

and timed up and go (TUG) were collected twice at baseline, then at 6 and 12 weeks 

into the intervention.  

 

When pooled, all patients demonstrated significant (p<0.02) improvements in 

functional scores in the first 6 weeks of the intervention, which was followed by 

further improvements to 12 weeks. Specifically, significant improvements at 12 weeks 

compared to baseline were observed in strength (thigh abduction [27%], thigh 
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adduction [34%], thigh flexion [105%]), joint ROM (leg flexion [17%], thigh flexion 

[35%], thigh extension [91%]), 6MWT (34%), TUG (50%), HiMAT (67%), TESS (26%), 

physical component score of the SF-36 (41%) and the mental component score of the 

SF-36 (22%).  

 

Over the course of the exercise intervention all patients’ muscle strength and joint 

ROM improved. This resulted in significant increases in SF-36, TESS, HiMAT, 6MWT, 

TUG, general function, patient satisfaction and QOL scores, which ultimately decreased 

the patient’s dependence on walking aids. Additionally, the majority of the patients 

were able to restore function of their affected limb to 80% of their unaffected limb in 

most parameters. LSS patients tolerated the exercise intervention with no adverse 

events recorded. Therefore we recommend therapists continue to restore ROM and 

facilitate improved recruitment and strengthening of the surrounding lower limb 

musculature following the acute phase of treatment in order to enhance functional 

recovery for LSS patients. 
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CHAPTER 1 

THE PROBLEM 

 

 

INTRODUCTION 

 

Soft tissue sarcomas (STS) that encompassed major nerve branches or large portions of 

tissue were once commonly treated by limb amputation as it was thought the 

functional impairment would be excessive (Bickels et al., 2002; Jones et al., 2010; 

McKee et al., 2004). Despite a local recurrence rate of less than 10% following 

amputation, large numbers of patients continued to die from metastatic disease. This 

realisation prompted the development of other methods of localised treatment that 

combined pre- and post-operative therapies with wide resection surgery. 

 

Advances in anatomic imaging capabilities and the use of neo-adjuvant therapies has 

progressively improved the safe surgical margin; thereby improving the possibility of 

preserving structures vital to limb function during wide resection surgery. Additionally, 

vascular reconstructions and free tissue transfers (e.g., free gracilis, latissimus dorsi 

tensor fascia lata and rectus femoris muscles) are now widely used to help restore limb 

movement for large muscle defects. At present, limb salvage surgery (LSS) is the 

preferred treatment modality in extremity STS patients, with less than 5% requiring 

amputation (Feig et al., 2006; Ghert et al., 2005; McKee et al., 2004; Swallow and 

Catton, 2007). 

 

In lower limb STS, the functional consequences of sciatic or femoral nerve resection in 

combination with STS management are not well described. To my knowledge only one 

article exists (Jones et al., 2010) comparing functional outcomes following resection of 

either the femoral or sciatic nerve in patients with a STS. Despite the main limitation of 

this study being a small sample size, the results revealed femoral nerve sacrifice may 

not be as well tolerated as had been presumed, leaving patients prone to falls and 

fractures, and dependant on walking aids and knee bracing. Other studies have shown 

that resection of the sciatic nerve with an adjacent STS is associated with major motor 

dysfunction, muscle weakness, ambulation difficulties, proprioceptive impairments, 
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premature fatigue and persistent pain (Bickels et al., 2002; Fuchs et al., 2001); all of 

which leads to a poor functional outcome (Kawai et al., 2002). Additionally, sensory 

loss to the entire foot may result in pressure sores, infections and claw toes, which in 

some instances, lead to limb amputation (Bickels et al., 2002). However, it must be 

noted that the sample sizes in these studies were too small and variable in design to 

permit valid statistical analysis.  

 

Pritsch and colleagues (2007) investigated the reconstruction of the extensor 

mechanism of the leg to restore strength in the anterior compartment of the thigh 

following massive tumour resection. They concluded that patients who underwent 

resections of less than 850 cm³ had a significantly stronger extensor mechanism than 

patients whose resection sizes were larger than this volume. This finding was 

supported by Capanna and colleagues (1991), who concluded that the degree of 

resection had an important influence on functional results; and also Markhede and 

Stener (1981), who found that the isometric strength of the quadriceps muscle 

decreased by 22%, 33%, 55% and 76% respectively, when one, two, three, or more 

components of the quadriceps muscle were resected. 

 

Markhede and Stener (1981) also studied the functional implications of hamstring 

muscle resection and concluded that, despite losses of 24% and 28% of isometric knee 

flexion strength when the semitendinosus or the biceps femoris muscles were 

resected, removal of one of the hamstring muscles did not cause any functional 

impairment. Only resection of all three hamstring muscles resulted in moderately 

impaired leg flexion. 

 

Exercise rehabilitation programmes are increasingly being incorporated into the lives 

of cancer survivors (Hsieh et al., 2008; Milne et al., 2008; Ohira et al., 2006). Numerous 

studies have demonstrated that exercising cancer survivors improves quality of life 

(QOL), activities of daily living (ADL), cardiorespiratory fitness and fatigue (Courneya et 

al., 2003; Hsieh et al., 2006; Milne et al., 2008). Exercise is effective in restoring 

physical and psychological function (Courneya et al., 2009; Ohira et al., 2006) and is 

thought to offer protective benefits against future cancers (Lee and Blair, 2002; Thune 

and Furberg, 2001; Wannamethee et al., 2001). Opposing these promising findings are 
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data that indicate a decline in physical activity participation following cancer treatment 

(Courneya and Friedenreich, 1997; Pinto et al., 2002), which suggests regular physical 

activity poses a challenge for cancer survivors. 

 

As exercise rehabilitation for cancer patients is a new area of research, there are no 

universally agreed recommendations regarding the optimal mode, duration, frequency 

and timing of exercise interventions (Courneya and Friedenreich, 1999). Survey studies 

indicate that the majority of cancer survivors prefer to start an exercise programme 

after they have completed treatment such as chemotherapy (Jones and Courneya, 

2002). Evidence from systematic reviews has shown greater improvements in QOL and 

fatigue when interventions focus on the post-adjuvant setting, rather than an adjuvant 

setting (Conn et al., 2006; McNeely et al., 2006; Schmitz et al., 2005). 

  

Numerous randomised studies have investigated the effects of exercise interventions 

in cancer survivors. Most samples comprised of breast cancer survivors and prostate 

cancer survivors, with no studies having investigated the effects of exercise 

rehabilitation in lower limb STS patients. However, all studies differed greatly in the 

length of the exercise programme, content and frequency, intensity and timing in 

relation to treatment completion; thereby making comparisons and generalisations 

difficult.  

 

Currently, no researchers have investigated the effects of an exercise rehabilitation 

programme on the restoration of the extensor and/or flexor mechanism of the lower 

limb following major muscular loss or denervation due to sarcoma resection; and no 

recommendations have been made for exercising patients with damage to their sciatic 

or femoral nerve. Therefore, not only will this be the first study to investigate the 

effects of a supervised exercise rehabilitation intervention in this cohort, but will be 

the first to provide an evidence base for Exercise Physiology interventions by showing 

the tolerability and efficacy of these exercises. 
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STATEMENT OF THE PROBLEM 

 

The functional consequences of resecting a major motor nerve or large portions of 

tissue in conjunction with a STS has been associated with major motor dysfunction, 

muscle weakness, ambulation difficulties, proprioceptive impairments, premature 

fatigue and persistent pain (Bickels et al., 2002; Fuchs et al., 2001). This alteration 

requires individuals to re-activate and strengthen their lower limb muscles to 

compensate for a loss in function. However, adequate out-patient exercise 

rehabilitation is rarely available, leaving patients with significant impairment and 

disability. 

 

Currently in the Western Australian setting, patients receive minimal in-patient 

physiotherapy post-surgery, and little advice on exercise rehabilitation following 

discharge from hospital. Once patients are discharged they are generally left to their 

own devices to seek further exercise rehabilitation. This lack of structured exercise has 

made the transition from in-patient care to normal activities of daily living difficult. 

Therefore, the following aims were addressed in this research. 

 

1. Evaluate the effectiveness of a 12 week, fully supervised exercise rehabilitation 

programme focusing on muscle strength, mobility and functional movement, in 

patients with major muscular loss or denervation following resection of a 

sarcoma. 

2. Evaluate the effectiveness of this rehabilitation programme on improving ADL 

and psychological function in terms of QOL in this patient group. 

3. Restore function of the affected limb to 80% of either the unaffected limb score 

or an age-matched population from published normative data. 

4. Improve the transition between in-patient care and return to ADL. 

5. Provide an evidence base for Exercise Physiology interventions by 

demonstrating the tolerability and efficacy of these exercises. 
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RESEARCH HYPOTHESES 

 

The following hypotheses were developed and tested throughout the course of this 

research. 

 

1. The 12 week, fully supervised exercise rehabilitation programme will increase 

muscle strength, muscle mobility and functional movement in patients with 

major muscular loss or denervation following sarcoma resection. 

2. Improvement in QOL and ADL will be observed in association with an increase 

in muscle strength, muscle mobility and functional movement. 

 

DEFINITION OF TERMS AND ABBREVIATIONS 

 

1. Activities of daily living (ADL): are those activities in which people may engage 

during the course of their daily lives; includes lifting, bending, walking, sitting, 

standing, reaching and climbing. 

2. Adjuvant therapies: are treatments received after surgery to prevent 

recurrence of cancer. Treatments often start immediately after surgery, but can 

occur months (or years) afterward and may include chemotherapy, radiation 

therapy, hormone therapy, or biological therapy. 

3. Amputation: is the removal of a portion of limb (McKee et al., 2004). 

4. Ankle-foot orthosis (AFO): is an externally applied brace that is intended to 

control the position and motion of the ankle to correct muscle weakness or 

denervation.  

5. Denervation: depriving a body part of nerve supply due to surgical removal, 

cutting a nerve, or blocking a nerve connection by drugs. 

6. Epineural dissection: a surgical technique which identifies a nerve proximal and 

distal to the sarcoma; followed by the nerve fibers being extracted from the 

epineural sheath. After the nerve is free from the sarcoma, standard wound 

irrigation and closure is performed (Clarkson et al., 2005). 

7. High level mobility assessment tool (HiMAT): is a uni-dimensional measure of 

high-level mobility suitable to a wide range of populations with motor and 

cognitive disabilities. 
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8. Isokinetic Keylink Dynamometer: is a machine that provides near constant 

velocity throughout a joint’s ROM, thus allowing for objective measures of 

muscle function. These measures include muscle torque, strength, power and 

endurance. 

9. Limb Salvage Surgery (LSS): is a procedure that removes a sarcoma while 

preserving the cosmetic and functional status of a limb. 

10. Lower distal tumours:  are tumours involving the knee, ankle, or foot (McKee et 

al., 2004). 

11. Lower proximal tumours: are tumours occurring in or over the buttock, groin, 

or thigh (McKee et al., 2004). 

12. Neo-adjuvant therapy: are treatments received before surgical removal of  a 

malignant tumour. They are intended to reduce the size of the tumour to help 

its removal. 

13. Quality of life (QOL): has been defined as one’s behavioural functioning ability, 

or being able to do everyday activities and living long enough to do so. 

14. Range of motion (ROM): the angular range through which a joint can be moved 

in a single plane. 

15. Short Form 36 (SF-36): is a multipurpose health survey consisting of 36 

questions designed to evaluate physical and mental health dimensions.  

16. Six minute walk test (6MWT): is a widely used and valuable surrogate measure 

for the assessment of functional ambulation capacity of patients with lower 

extremity pathologies. 

17. Six minute walk test distance (6MWTD): the distance ambulated during the six 

minute walk test. 

18. Soft tissue sarcomas (STS): are rare malignant tumours that share a common 

embryological and connective tissue origin; they may be present in muscles, 

fat, joints, nerves, or blood vessels. 

19. Three repetition maximum protocol (3RM): is the maximum amount of weight 

that can be successfully lifted no more than three times without failure through 

a specific ROM (American College of Sports Medicine, 2006). 

20. Timed Up and Go (TUG): a test of physical function that requires a subject to 

stand up from a chair, walk 3 m, turn walk back and sit down. It is used to 
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measure the ability of patients to perform sequential locomotor tasks in 

populations with motor task problems.  

21. Toronto Extremity Salvage Score (TESS): is a self administered questionnaire 

specific to limb salvage patients that measures physical function and describes 

changes over time. It includes activity limitations such as restrictions in body 

movement, restrictions in mobility, restrictions in self care and restrictions in 

performing daily tasks. 

22. Wide En Bloc Resection: is the removal of a tumour with a surrounding margin 

of apparently normal tissue (McKee et al., 2004). 

 

LIMITATIONS 

 

1. The sample size was limited by the number of surgical cases received in the 

time frame available for data collection. 

2. We were unable to prevent patients participating in external physical activity 

during the 12 week intervention. Therefore, we are unable to establish 

whether the 12 week exercise intervention alone, or in conjunction with any 

external physical activity, led to changes in participant outcome measures. 

3. Muscle strength was measured by either an isokinetic dynamometer or by a 

3RM protocol on a leg curl machine. Some patients were unable to use the 

dynamometer due to extensive soft tissue resections or limited leg ROM, 

making it impossible for them to move through the required ROM. 

 

DELIMITATIONS 

 

1. A case series design was chosen as the study population is heterogeneous in 

clinical behaviour, even if within the same histological subtype. For this reason 

finding a control group would be extremely difficult to recruit, as matching 

tumour size, tumour growth, tumour location and treatment type between 

patients would almost be impossible. This type of study design may be subject 

to carryover effects (such as fatigue and habituation). It also disallows the 

determination of causality, incidence or prevalence, and may result in a 

reduced statistical power.  
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CHAPTER 2 

 LITERATURE REVIEW 

 

 

INTRODUCTION 

 

The word ‘sarcoma’ is derived from the Greek word sarkoma meaning fleshy 

outgrowth, and can be present as either a bony or a soft tissue tumour. STS are rare, 

malignant, mesenchymal neoplasms that share a common embryological and 

connective tissue origin (Misra et al., 2009). Their cellular origin derives from various 

tissue sources including cartilage, fat, nerve, vessel and muscle; however, most 

commonly originate from muscle mass (Misra et al., 2009).  

 

Sarcomas account for 1-2% of all adult malignancies and approximately 800 new cases 

in Australia each year; an increase of 40% over the past decade (Australian Institute of 

Health and Welfare, 1998). The incidence of STS increases with advancing age and 

peaks at the median age of 65 years (Fletcher et al., 2002). Despite this, 10-15% of STS 

still present in children and teenagers (Dadia and Grimer, 2007). Numerous factors 

(such as occupational chemicals, previous radiation exposure and genetic 

predisposition) have been associated with an increased risk of STS, yet no definitive 

cause has been outlined (Feig et al., 2006). 

 

Encompassing more than 50 histologic types, STS can occur anywhere in the body. The 

majority of primary lesions originate in the extremity (75%; mainly thigh), trunk (10%), 

followed by the retroperitoneum, and the head and neck region (Fletcher et al., 2002). 

One-third of the STS are superficial tumours and have a median diameter of 5 cm; 

whilst more deeply situated tumours tend to have larger diameters of ≥9 cm  (Grimer, 

2006). Despite the various histologic subtypes, sarcomas have many common clinical 

and pathological features. The clinical behaviour of most types of sarcoma is 

determined by anatomical location (depth, fascial boundaries); size; and grade. A 

recent study indicated that possessing the following four signs: size above 5 cm; deep 

to fascia; associated pain; and growing in size; increased the likelihood of containing a 

malignant STS to 86% (Johnson et al., 2001). 
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TREATMENT OPTIONS 

 

Historically, large STS that encompassed major nerve branches or large portions of 

tissue were commonly treated by limb amputation as it was thought the functional 

impairment following excision would be excessive. Despite a local recurrence rate of 

less than 10% following amputation, large numbers of patients continued to die from 

metastatic disease. This realisation prompted the development of other methods of 

local treatment that combined pre- and post-operative therapies with wide resection 

surgery. 

 
Advances in anatomic imaging capabilities and the use of neo-adjuvant therapies has 

progressively improved the safe surgical margin; thereby increasing the possibility of 

preserving structures vital to limb function during wide resection surgery. More 

recently, limb preservation has been achieved in approximately 90-95% of STS patients 

(Dadia et al., 2007; DeLaney et al., 2003; Ferguson, 2005); with local recurrence rates 

varying between 9-22% (McKee et al., 2004). At present, LSS is the preferred treatment 

modality in extremity STS patients, with less than 5% requiring amputation (Feig et al., 

2006; Ghert et al., 2005; McKee et al., 2004; Swallow and Catton, 2007). 

 

Currently, the optimal timing of external-beam radiation therapy for extremity 

sarcoma patients remains a focus of active investigation. Only two randomised trials 

comparing pre- and post-operative radiotherapy in extremity STS patients exist in the 

literature (Davis et al., 2002; O’Sullivan et al., 2002). Davis and colleagues concluded 

that the recurrence and progression free survival rates were similar between both 

groups, with the only significant difference being in the rates of wound complications. 

The incidence of wound complications in the pre-operative therapy group being 35% 

and the post-operative group being 17%. The incidence of severe wound complications 

in pre-operative radiotherapy groups has been well documented in the literature 

(Davis et al., 2000; Kaushal and Citrin, 2008). Another study has also concluded that 

pre- and post-operative radiotherapy yields similar rates of local recurrence (Pisters, 

1998). 

 



 

10 

Neo-adjuvant and adjuvant chemotherapy for patients with STS remains controversial, 

with many equivocal findings. A large meta-analysis examining data of STS patients 

who received doxorubicin-based adjuvant chemotherapy found time to local and 

distant recurrence, and overall recurrence-free survival to be significantly lengthened 

(Sarcoma Meta-analysis Collaboration, 1997). However, other trials of adjuvant 

chemotherapy failed to demonstrate an improvement in disease-free and overall 

survival in patients with STS (Cormier et al., 2004). A large cohort study compared 

stage three extremity sarcoma patients who received either pre-operative or post-

operative doxorubicin-based chemotherapy. Results of the study revealed the 5 year 

disease-specific survival rate was 61%, and the probability of local and distant 

recurrences at 5 years was 83% and 56%, respectively. Importantly, the clinical 

benefits of doxorubicin-based chemotherapy were not sustained beyond 1 year post 

therapy (Cormier et al., 2004). Currently, no consensus exists regarding the role of 

chemotherapy in patients with localised STS. 

 

Vascular reconstructions and free tissue transfers (e.g., free gracilis, latissimus dorsi 

tensor fascia lata and rectus femoris muscles) for large muscle defects are now widely 

accepted and may restore limb movement in selected cases. Conversely, lower limb 

nerve reconstructions have a poor chance of restoring normal extremity function. 

However, when positive surgical margins are obtained, nerve fibers can be extracted 

from their epineural sheath and re-deposited into the limb (epineural dissection), 

which decreases the frequency of major nerve resection during sarcoma excision 

(Clarkson et al., 2005; Gerrand et al., 2001; Ghert et al., 2005). 

 

THE SCIATIC NERVE AND EFFECTS OF DAMAGE OR RESECTION 

 

The sciatic nerve, the largest nerve in the lower limb, originates from the spinal roots 

of the lumbo-sacral plexus (L4-S3) and supplies all of the posterior limb muscles, 

except for the gluteal structures and the anteromedial thigh (Gosling et al., 2008; 

Marieb, 2004). It leaves the pelvis via the greater sciatic notch and emerges at the 

lower border of gluteus maximus, passing deep to the long head of biceps femoris. In 

the distal third of the thigh it divides into two terminal branches, the tibial and 

common peroneal nerves (Drake et al., 2005). These nerves travel longitudinally down 
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the thigh and enter the popliteal fossa posterior to the knee. Collectively, the sciatic 

nerve and its branches are responsible for sensory and motor function of the posterior 

thigh, knee, leg, foot and ankle.  

 

Studies investigating the functional loss in patients following sciatic nerve and tumour 

resection are scarce. Resection of the sciatic nerve with an adjacent STS has been 

associated with major motor dysfunction, muscle weakness, ambulation difficulties, 

proprioceptive impairments, premature fatigue and persistent pain (Bickels et al., 

2002; Fuchs et al., 2001); all of which leads to a poor functional outcome (Kawai et al., 

2002). Additionally, sensory loss to the entire foot may cause pressure sores, infections 

and claw toes, which in some instances, lead to limb amputation (Bickels et al., 2002).  

However, it must be noted that these studies were too small and variable in design so 

caution must be used when interpreting their results.  

 

Markhede and Stener (1981) studied the functional implications of hamstring muscle 

resection and concluded that, despite a loss of 24% and 28% of isometric knee flexion 

strength when the semitendinosus or the biceps femoris muscles were resected, 

resection of one of the hamstring muscles did not cause any functional impairment. 

Only resection of all three hamstring muscles resulted in moderately impaired leg 

flexion. 

 

Currently, the literature contains no study investigating the effects of an exercise 

rehabilitation programme on the restoration of the extensor mechanism of the lower 

limb following major muscular loss or denervation due to sarcoma resection. 

 

THE FEMORAL NERVE AND EFFECTS OF DAMAGE OR RESECTION 

 

The femoral nerve originates from the lumbar plexus (L2-L4) on the posterior 

abdominal wall (Faiz and Moffat, 2006). It enters the femoral triangle of the thigh by 

passing under the inguinal ligament. In the femoral triangle, the femoral nerve lies 

lateral to the femoral artery and is outside the femoral sheath, which surrounds the 

vessels. Before entering the thigh, the femoral nerve supplies branches to the iliacus 

and pectineus muscles (Gosling et al., 2008). After passing under the inguinal ligament, 
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the femoral nerve divides into anterior and posterior divisions, which supply muscles 

of the anterior compartment of the thigh and skin on the anteromedial aspects of the 

thigh and on the medial sides of the leg and foot (Drake et al., 2005). The sensory 

innervations of the femoral nerve are considered relatively expendable, raising no 

concerns for skin complications; unlike plantar foot innervations by the sciatic nerve 

(Jones et al., 2010). 

 

The functional consequences of femoral nerve resection in combination with STS 

management are not well described. High resection of the femoral nerve as well as 

resection of the psoas muscle usually results in paralysis of the sartorius, iliacus, 

pectineus and the quadriceps femoris muscles; leaving patients with a limited ability to 

perform thigh flexion or leg extension movements. Markhede and Stener (1981) 

examined the post-operative function in 17 patients who underwent quadriceps 

muscle resections. They found that the isometric strength of the muscle decreased by 

22, 33, 55 and 76% respectively, when one, two, three, or more components of the 

quadriceps muscle were resected. Pritsch and colleagues (2007) investigated the 

reconstruction of the extensor mechanism of the leg to restore strength in the anterior 

compartment of the thigh following massive tumour resection. They concluded that 

patients who underwent resections of less than 850 cm³ had a significantly stronger 

extensor mechanism than patients whose resection sizes were larger than this volume. 

This finding was also supported by Capanna and colleagues (1991), who concluded that 

the degree of resection had an important influence on functional results. 

 

To my knowledge only one article exists (Jones et al., 2010) comparing functional 

outcomes following resection of either femoral or sciatic nerve in patients with STS. 

Despite the main limitation of this study being a small sample size, the results revealed 

femoral nerve sacrifice may not be as well tolerated as presumed, leaving patients 

prone to falls and fractures, and dependant on walking aids and knee bracing.  

 

EXERCISE FOR TREATMENT IN CANCER SURVIVORS 

 

Exercise rehabilitation programmes are increasingly being incorporated into the lives 

of cancer survivors (Hsieh et al., 2008; Milne et al., 2008; Ohira et al., 2006). Numerous 
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studies have demonstrated that physical exercise for cancer survivors improves QOL, 

ADL, cardiorespiratory fitness and fatigue (Courneya et al., 2003; Hsieh et al., 2006; 

Milne et al., 2008). Exercise is effective in restoring physical and psychological function 

(Courneya et al., 2009; Ohira et al., 2006) and is thought to offer protective benefits 

against future cancers (Lee and Blair, 2002; Thune and Furberg, 2001; Wannamethee 

et al., 2001). Opposing these promising findings are data that indicate a decline in 

physical activity participation following cancer treatment (Courneya and Friedenreich, 

1997; Pinto et al., 2002), which suggests regular physical activity poses a challenge for 

cancer survivors. 

 

As exercise rehabilitation for cancer patients is a new area of research, there are no 

recommendations regarding the optimal mode, duration, frequency and timing of 

exercise interventions (Courneya and Friedenreich, 1999). Survey studies indicate that 

the majority of cancer survivors prefer to start an exercise programme after they 

complete treatment such as chemotherapy (Jones and Courneya, 2002) and evidence 

from systematic reviews has shown greater improvements in QOL and fatigue when 

interventions focus on the post-adjuvant setting, rather than an adjuvant setting (Conn 

et al., 2006; McNeely et al., 2006; Schmitz et al., 2005). 

 

Aerobic Training for Cancer Survivors 

 

Aerobic training appears to be the preferred intervention for cancer survivors. In 10 

studies identified as using aerobic exercise the type, intensity and frequency of 

exercise varied substantially between interventions. Interventions comprised the use 

of an exercise bicycle, treadmill, stair climbing machine or interval training. These 

varied modes of exercise make comparisons between studies difficult and reduce the 

ability to generalise from the results. 

 

Numerous studies reported significant increases in cardiovascular capacity, health 

related quality of life (HRQOL) and reduced fatigue in the exercise groups compared 

with the control groups (Burnham and Wilcox, 2002; Courneya, 2003). However, 

findings of improved HRQOL were not replicated by Segal and colleagues (2003), 
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suggesting aerobic training alone may not provide maximum benefit to this patient 

cohort and that the addition of resistance training should be considered. 

 

Resistance Training for Cancer Survivors 

 

Little is known about the effects of resistance training programmes to counteract the 

physiological conditions of cancer and its treatments, as few studies have incorporated 

this type of training in a cancer rehabilitation programme. Despite this, numerous 

studies support resistance training as being the most effective modality available for 

improving muscle strength, and increasing lean tissue mass and bone mineral density 

in different populations ranging from athletes to the elderly (Hakkinen et al., 1998; 

Kraemer et al., 2003, 1999; Newton et al., 2002; Villareal et al., 2003; Wolff et al., 

1999). The majority of cancer survivor studies still focus on aerobic exercise such as 

stationary cycling or walking (Courneya, 2003; Oldervoll et al., 2004), which is 

surprising as two of the side effects of cancer and its treatment are muscle atrophy 

(Argiles et al., 2005) and reduced bone mineral density (Ott et al., 2004).  

 

Resistance training is known to be more effective than aerobic exercise for improving 

strength and increasing muscle mass. Substantial data now exist to suggest that the 

ability to perform ADL is determined by a threshold level of muscular strength and 

endurance (Brill et al., 2000; Brown et al., 1995). Individuals lacking the necessary 

strength may by unable to perform daily tasks that are important determinants of 

independence. Consequently, resistance training programmes now seem to be the 

choice for improving muscular strength (Brill et al., 2000; Hakkinen et al., 1998; 

Kraemer et al., 2003; 1999; Newton et al., 2002) as skeletal muscle has shown great 

adaptability with resistance training, even for patients with extensive muscle atrophy 

(Lucia et al., 2003). Additionally, improvements in ADL and HRQOL have also been 

reported (Ahmed et al., 2006; Ohira et al., 2006; Schmitz et al., 2005). 

 

A recent systematic review identified only 10 studies that used resistance training, 

with the majority focusing on breast cancer survivors (Cheema et al., 2008). Each study 

indicated that resistance training has the potential to reverse cancer-related side 
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effects including fatigue, muscle atrophy and reduced bone mineral density (Galvao et 

al., 2005; Oldervoll et al., 2004; Ott et al., 2004; Segal et al., 2003). 

 

Combined Resistance and Aerobic Training 

 

Few randomised trials have assessed the efficiency of a combined resistance and 

aerobic exercise programme after the completion of adjuvant therapies (Conn et al., 

2006; McNeely et al., 2006). It is believed that combining both resistance and aerobic 

exercise may provide greater QOL and fatigue benefits than either modality alone 

(Milne et al., 2008). 

 

Milne and colleagues (2008) investigated the effects of a 12 week, supervised, 

combined aerobic and resistance training programme for breast cancer survivors in the 

post-adjuvant setting. This study resulted in significant and consistent improvements 

in fatigue, QOL, social physique anxiety (SPA), aerobic fitness and muscular strength. 

These improvements were evident 6 weeks into the exercise intervention, with further 

improvements reported at 12 weeks. They also found that improvements in aerobic 

fitness were associated with improvements in QOL and fatigue; and improvements in 

muscular strength were associated with improvements in SPA. Overall, this study has 

demonstrated that a combined resistance and aerobic exercise programme is an 

effective modality for improving QOL, reducing fatigue and SPA, and improving 

physical fitness soon after the completion of adjuvant therapy in breast cancer 

survivors. Additional research is warranted to focus on the effects of a combined 

programme in all types of cancer survivors. 

 

SUMMARY 

 

The functional consequences of resecting the femoral or sciatic nerve in conjunction 

with a STS have not been well described in the literature. Only one study has 

investigated complete femoral nerve resection following STS removal; whilst the 

literature on sciatic nerve resection yields little statistical significance due to small 

sample sizes. However, despite these small samples, research indicates that resection 
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of peripheral nerves when entrapped in a STS usually results in major motor and 

sensory loss. 

 

These peripheral nerve resections are less likely to result in limb amputation, due to 

the use of neo-adjuvant and/or adjuvant therapy (chemotherapy and radiation), and 

the ability to obtain a wide surgical margin, allowing LSS to be the preferred treatment 

modality. However, LSS often leaves patients with functional disabilities which may 

cause persistent emotional and social suffering (Fialka-Moser et al., 2003; Schreiber et 

al., 2006). Studies of functional outcome following LSS revealed most patients 

achieved a moderate to high level of function by 1 year post-operation (Davis et al., 

2000; 2002). Recovering functional outcome and physical appearance has been 

improved in recent years by various vascular reconstructions and free muscle flaps 

involving muscles such as the latissimus dorsi and tensor fascia lata.  

 

Numerous randomised studies investigating the effects of exercise interventions in 

cancer survivors were identified in this literature review. Most samples comprised 

female breast cancer survivors and prostate cancer survivors, with the rest dealing 

with a variety of cancer types. All studies differed greatly in the length of the exercise 

programme, as well as exercise mode, frequency, intensity and timing in relation to 

treatment completion, thereby making comparisons and generalisations difficult. 

 

Other reviewed studies indicated that moderate intensity exercise is a viable 

intervention for improving physiological and psychological function. Aerobic, 

resistance and combined aerobic-resistance exercise have all shown some promising 

effects on overall QOL, fatigue, physical function, muscular strength and psychological 

effects. 

 

Therefore, aerobic, resistance and combined aerobic-resistance exercise all appear to 

be safe, feasible and beneficial interventions in breast cancer survivors. However, 

further research is warranted to focus on the effects of a rehabilitation exercise 

intervention in other cancer survivors, especially lower limb STS survivors with major 

muscular loss. Generalising the intervention benefits from breast cancer survivors is 
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not possible given the differences in demographics, disease pathology, prognosis, 

treatments and adverse side-effects. 
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CHAPTER 3 

METHODS AND PROCEDURES 

 

 

A single study was undertaken for this thesis, encompassing the application of a 

supervised exercise rehabilitation intervention in patients with major muscular loss or 

denervation following lower limb sarcoma resection. The aim of this study was to 

investigate the effectiveness of a 12 week, supervised exercise rehabilitation 

programme with respect to enhancing muscular strength, muscle mobility, functional 

movement, QOL and ability to perform ADL. An additional goal was to provide an 

evidence base for Exercise Physiology interventions by demonstrating the tolerability 

and efficacy of the exercises used in the intervention. This chapter will provide an 

overview of the methods and procedures employed. 

 

SAMPLE 

 

Patients with damage to their sciatic or femoral nerve, or respective areas of muscle 

innervation, following LSS were identified through the Hollywood Private Hospital 

(HPH) Sarcoma Database. Only patients of two surgeons were recruited for the study. 

Once identified, patients were sent a subject information sheet and an expression of 

interest form from their orthopaedic surgeon, with contact details of the study 

coordinator (Appendix A). 

 

Patients were given 2 weeks to return the expression of interest form; if no reply was 

made after this time, they were followed up with a phone call. Patients were then 

contacted by telephone to assess the inclusion and exclusion criteria and to arrange a 

time for baseline assessment.  This baseline assessment was held at the Hollywood 

Functional Rehabilitation Clinic (HFRC) and lasted approximately 1.5 hours. Once this 

was completed, the same day and time was secured 2 weeks later for a second 

baseline test. 

 

The second baseline test was identical to the first, and was scheduled to ensure 

patients were physically and psychologically stable. If the results of the second 
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baseline test were within 10% of the first and patients fitted the study criteria, they 

were then permitted to undertake the intervention. A third baseline test was planned 

if the difference between the first and second baseline test was greater than 10%, 

however, this was not required for any of the participants. A more detailed review of 

the functional and subjective assessments administered in this research will be 

discussed in later sections. 

 

A number of inclusion and exclusion patient criteria were set as follows. Inclusion 

criteria were: 

• male or female, 18-65 years of age; 

• damage to sciatic or femoral nerve, or areas innovated by those nerves 

(including muscle loss); 

• LSS greater than 3 months but less than 3 years prior; 

• live in the Perth metropolitan area; 

• speak and read English competently.  

 

Exclusion criteria were: 

• formal rehabilitation participation within past 3 months; 

• estimated life expectancy <1 year; 

• concurrent orthopaedic condition in addition to that being treated; 

• presence of severe cardiovascular disease; 

• cognitive disturbances that may interfere with participation in the 

rehabilitation programme; 

• serious psychopathology and emotional instability that may impede 

participation. 

 

A total of nine participants (five female, four male) who had undergone LSS between 

November 2007 and October 2010, participated in this research (Appendix B). 

Approval for the research was gained from the University of Western Australia (UWA) 

and the Hollywood Private Hospital Research Ethics Committees, and the written, 

informed consent from each participant was obtained prior to the onset of the study 

(Appendices C and D). 
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METHODOLOGY 

 

Intervention 

 

The exercise rehabilitation intervention consisted of a 12 week, fully supervised 

aerobic, resistance and hydrotherapy programme. This was divided into four stages, 

with the ultimate goal of restoring function of the affected limb to 80% of either the 

unaffected limb score or an age-matched population from published normative data. 

All participants were required to attend the HFRC three times per week for the 

supervised rehabilitation intervention. The rehabilitation intervention protocol is 

summarised below; please refer to Appendix E for further details. It must be noted 

that each rehabilitation programme was individualised according to functional and 

medical limitations of the participant. 

 

Stage 1 

This stage aimed to: 

• restore hip, knee and ankle ROM; 

• re-activate and recruit the appropriate lower limb muscles; and 

• introduce cardiovascular exercises. 

 

Stage 1 lasted approximately 2 weeks. The specific exercises used and corresponding 

rationale are listed below. 

• Active and passive ROM exercises involving the ankle, knee and hip joints; 

• Stretches of the quadriceps, hamstring and calf muscle groups, beginning with 

a 5 s stretch and increasing to 2 minutes; 

• Electrical stimulation of the required muscle (generally the gluteal, quadriceps, 

hamstring or calf muscle groups) to assist in active muscle contraction and to 

overcome muscle inhibition;  

• Isometric contractions of the gluteal, quadriceps, hamstring and adductor 

muscle groups to regain muscle tone; 

• Introduction of recumbent cycling and/or arm ergometer for cardiovascular 

fitness; 
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• Hydrotherapy which included walking and gait training, stretches and basic 

muscle strengthening exercises. 

 

Stage 2 

This stage aimed to: 

• strengthen the lower limb musculature; 

• introduce core stability exercises; and 

• further develop cardiovascular fitness. 

 

Stage 2 lasted from approximately weeks three to five. The specific exercises used and 

corresponding rationale are listed below. 

• Introduction to upright cycling (ROM dependent); 

• Introduction to upper limb and trunk resistance exercises aimed at conditioning 

the upper body; 

• Non-weight bearing resistance exercises (resistance machines and limb weight 

against gravity); 

• Advanced hydrotherapy (including floatation devices acting as resistance). 

 

Stage 3 

This stage aimed to develop lower limb muscle strength simulating functional tasks. 

Stage 3 lasted from approximately weeks six to eight. The specific exercises used and 

corresponding rationale are listed below. 

• Resistance exercises and modified closed kinetic chain activities; 

• Introduction of gait re-training once sufficient muscle strength had been 

achieved;  

• Commencement of proprioception and balance activities. 

 

Stage 4 

This stage aimed to restore and improve physical function during ADL. Stage 4 lasted 

from approximately weeks nine to 12. The specific exercises used and corresponding 

rationale are listed below. 

• Continuation of resistance exercises; 
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• Progression to more demanding closed kinetic chain and proprioception 

activities. 

 

The following cautions to the rehabilitation intervention were observed: 

• Avoid all high intensity activities due to possible low haemoglobin and platelet 

levels, muscle weakness and low bone density; 

• Avoid excessive load bearing. 

 

Outcome Measures and Procedures 

 

Objective and subjective measures were recorded twice at baseline, at the 6 week 

midpoint of the intervention and again post intervention (at 12 weeks). The two 

baseline measures assessed if patients were physically and psychologically stable. A 

more detailed review of the double baseline assessment will be explained in a later 

section. 

 

The study included primary and secondary outcomes measures. The primary outcome 

measures consisted of the TESS and the SF-36 health status questionnaire. Secondary 

outcome measures comprised muscular strength scores using a Keylink dynamometer 

[Isosport international, isokinetic dynamometer, Gepps Cross, South Australia] or a 

3RM protocol for isotonic strength; ankle, knee and hip joint ROM consisting of ankle 

dorsiflexion, leg flexion/extension and thigh flexion/extension measures; 6MWT; TUG; 

and the HiMAT. 

 

Baseline Testing Procedure 

The baseline test began with an interview which covered the areas of current and 

previous treatments, current and previous physical activity, current goals, medications, 

pain and other medical history. Patients then completed a series of subjective and 

objective tests, as follows: 

 

• Patient height and body mass – Height was assessed using an anthropometer 

which was attached to the wall. The subject was dressed in light clothing only 

and without shoes. Feet, knees, buttocks and shoulder blades were kept in 
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contact with the vertical surface of the anthropometer. Arms were hanging 

loosely at the sides and patients were asked to look forward. Body mass was 

assessed using a set of calibrated, electronic scales [Wedderburn Medical 

Scales, BWB-800, Tanita, Tokyo], with the subject dressed in light clothing and 

without shoes. 

• Blood pressure – Participants were instructed to place their left palm upwards 

and a blood pressure cuff was placed around the distal biceps. Blood pressure 

was measured manually with a sphygmometer and stethoscope.  

 

Primary outcome measures and procedures 

The TESS is a 30 item questionnaire in which patients indicate the level of difficulty 

experienced in performing everyday activities such as mobility, dressing, self-care, 

work, sports and leisure (Davis et al., 1996). Each item is rated on a scale ranging 1 to 

5, with the total score calculated as a percentage. A higher score indicates a higher 

level of function. The TESS has shown superior measurement properties compared to 

all other related questionnaires, and demonstrated reliability and validity for the 

extremity tumour population (Davis et al., 1996; 1999). 

 

The SF-36 is a multipurpose health survey consisting of 36 questions designed to 

evaluate physical and mental health dimensions (Ware, Kosinski and Gandek, 2005). It 

measures eight health concepts including physical functioning; role limitations due to 

physical health, bodily pain, general health perceptions, vitality, and role limitations 

due to emotional problems and mental health. The maximum score for each subscale 

is 100 and higher scores indicate a higher level of function. A physical component score 

and a mental component score can also be created from these eight subscales (Ware, 

Kosinski and Keller, 1994). Although the SF-36 validity has not been evaluated in 

patients with extremity sarcoma, it is used extensively in allied health research and has 

been reported to be a reliable and valid measure in many clinical settings (Australian 

Bureau of Statistics, 1997; Eshaghi et al., 2006). 

 

Secondary outcome measures and procedures 

Muscle strength was evaluated by an isokinetic dynamometer and a 3RM protocol. The 

dynamometer was used to measure leg flexion and extension torque; and the 3RM 
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protocol was used to assess thigh flexion, thigh abduction and thigh adduction 

strength. If patients were unable to use the isokinetic dynamometer due to knee ROM 

limitations, denervation or quadriceps muscle resection, a 3RM protocol was applied 

to a leg curl machine, aimed at measuring hamstring strength. 

 

Isokinetic dynamometers are accurate and reliable devices for measuring dynamic 

muscle function (Hurley, 1995; Patterson et al., 1992; Taylor et al., 1991). They provide 

near constant velocity throughout a joint’s ROM, thus allowing for objective measures 

of muscle function throughout the range (Drouin et al., 2004). The output measures 

include torque, power and endurance. This type of device is now widely used as it 

provides better isolation of muscle groups, and information on muscle dynamics 

throughout the full range of flexion and extension compared to other strength 

measuring devices (non-motorised dynamometers, cable tensiometer and 1RM test). It 

must be noted that external calibration and test re-test procedures are vital to ensure 

the highest degree of accuracy, reliability and validity (Hurley, 1995). In this study, 

peak leg extension and flexion torque at 60 °/s was the main measure of strength. A 

description of the procedure is outlined below. 

 

The patient was seated in the dynamometer and adjustments were made to the back 

support and leg length in accordance with each patient’s stature. The computer was 

then calibrated and set to record four of five repetitions, at a speed of 60 °/s. Patients 

were then asked to flex their leg so the computer could register a starting position and 

then extend their leg to register a finishing position. Patients were instructed that the 

first two repetitions were a warm up (“Easy up, easy back. Easy up, easy back”), the 

third repetition they were to push and pull as hard as they could “hard up, hard back” 

(recorded repetition), and the final two repetitions were warm downs (“Easy up, easy 

back. Easy up, easy back”). Patients were given one practice trial on each leg. Testing 

began on the unaffected limb and all participants were given verbal encouragement. 

Once the set was completed, peak extension and flexion torque were recorded from 

the third repetition.  

 

A 3RM test is the maximum amount of weight that can be successfully lifted no more 

than three times without failure through a specific ROM (American College of Sports 
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Medicine, 2006). This test was employed to minimise the risk of muscle injury during 

strength assessments, due to the deconditioned nature that this population yields 

post-surgery. Regression equations have been developed to predict 1RM strength (the 

maximal amount of weight that can be lifted only one time) from submaximal tests 

such as the 3RM. Multiple repetitions of submaximal loads have been used to estimate 

the 1RM of various populations including elite athletes, novices, specific sports groups, 

children and elderly individuals (Abernethy, Wilson, and Logan, 1995; Fernandez, 2001; 

Hoeger, Hopkins, Barette, and Hale, 1990). A 4-6RM submaximal strength test was 

shown to have better predictive accuracy of 1RM strength compared to the 7-10RM 

submaximal strength assessments (Dohoney, Chromiak, Lemire, Abadie, and Kovacs, 

2002). Descriptions of the 3RM procedures are provided below. 

 

• 3RM leg curl - This test assessed the strength of the patients’ hamstring 

musculature. The back rest and leg length of the machine were adjusted so that 

the leg pad was positioned 2 cm above the lateral malleolus, and the seat 

adjusted so the axis of the rotation was aligned with the anatomical axis of the 

knee. Weight on the leg curl machine began at 5 kg and increased by 5 kg each 

trial. Patients were instructed to flex throughout the full ROM of their knee, 

without a prolonged rest between repetitions. The size of the weight lifted was 

continually increased until a 3RM load was reached. For all 3RM tests, patients 

were instructed to stop the test after one repetition if they felt the weight 

would be achieved relatively easily, so as not to induce fatigue before a 

maximum score was attained. This test was carried out once on the affected, 

then the non-affected leg.  

 

• 3RM seated thigh abduction - This test assessed the strength of patients’ 

gluteal musculature. Patients were seated so the anatomical hip joint centre 

was aligned with the axis of rotation of the machine. Resistance began at 5 kg 

and increased by 5 kg each trial. Patients were instructed to abduct both lower 

limbs simultaneously for three repetitions, without a prolonged rest between 

repetitions. The resistance was continually increased until a 3RM load was 

reached.  
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• 3RM seated thigh adduction - This test assessed the strength of patients’ 

adductor musculature. Patients were seated so the anatomical hip joint centre 

was aligned with the axis of rotation of the machine. Resistance began at 5 kg 

and increased by 5 kg each trial. Patients were instructed to adduct both lower 

limbs together for three repetitions, without a prolonged rest between 

repetitions. The resistance was continually increased until a 3RM load was 

reached.  

 

• 3RM standing thigh flexion - This test assessed the strength of patients’ rectus 

femoris and iliopsoas musculature. Adjustments were made to the height of 

the roller that patients pushed forwards. This rested approximately 15 cm 

above the patient’s patella. Patients were instructed to lift their thigh towards 

the abdomen, whilst keeping their pelvis and trunk as stable as possible. 

Resistance began at 5 kg and increased by 5 kg each trial. The resistance was 

continually increased until a 3RM load was reached. This test was carried out 

once for each of the affected and non-affected legs.  

 

Joint ROM was measured by one of two instruments, either a goniometer or a bubble 

inclinometer. The goniometer was used to measure leg flexion and extension, while 

the bubble inclinometer was used to measure thigh flexion/extension and foot 

plantar/dorsi flexion ROM. Measurements were taken of both affected and unaffected 

limbs. A description of the individual procedures is listed below. 

 

• Knee ROM – The patient lay supine with both legs extended. Following 

instructions to keep the heel on the bench at all times, patients moved their 

foot proximally as far as possible, with the maximum leg flexion being 

recorded. The patient then straightened both legs onto a cylindrical roller 

which rested on the Achilles tendon, with the maximum leg extension, or 

hyperextension, being recorded. This process was carried out three times for 

both the affected and non-affected legs, with the maximum values being 

recorded. 
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Full leg extension will be expressed as 180° throughout this thesis to avoid 

using 0°, as zero cannot be used when creating percentage changes over time 

(Figure 3.1). Leg flexion ROM is expressed as the flexion angle from horizontal 

(Figure 3.1). 

 

Figure 3.1 Angular displacement reporting conventions for leg extension and flexion 

ROM. 

 

Leg extension ROM                 Leg flexion ROM 

 

 

• Ankle ROM - The patient lay supine with both legs extended. Following 

instructions to point their toes to the ceiling, patients were then asked to point 

their toes away from them. Foot plantar-flexion was measured by a bubble 

inclinometer which was positioned on the anterior foot between the 1st and 2nd 

metatarsals.  At this point the inclinometer was set at zero. Patients were then 

instructed to dorsi-flex maximally. This process was carried out three times for 

both the affected and non-affected limbs; the maximum values were recorded. 

 

• Thigh flexion ROM - The patient lay supine with both legs extended. Instructed 

to keep their pelvis and opposite leg as stable as possible, the patient then 

flexed the thigh maximally. The bubble inclinometer was placed on the anterior 

distal thigh just proximal to the patella. This process was carried out three 

times for both the affected and non-affected limbs, and the maximum values 

were recorded. 

 

• Thigh extension ROM – The patient was asked to stand next to a vertical hand 

rail and instructed to keep the legs straight and their pelvis and trunk stable. 

The inclinometer was then set at zero and rested on the distal hamstring 

90° 
Leg 

Thigh 

180° 

Leg Thigh 
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musculature of the moving leg. A measurement was recorded once full thigh 

extension was achieved. This process was carried out three times for both the 

affected and non-affected limbs, and the maximum values were recorded. 

 

The 6MWT is a widely used and valuable surrogate measure for the assessment of 

functional ambulation capacity of patients with lower extremity pathologies. 

Standardised, incremental cardiopulmonary laboratory tests are the gold standard for 

measuring exercise capacity (Crapo et al., 2002), however, use of these tests is limited 

as most lower limb sarcoma patients would be unable to manage the testing 

equipment (Fuchs et al., 2001). Furthermore, as most daily activities are performed at 

sub-maximal levels of exertion, the 6MWT provides a more realistic simulation of the 

patient’s physical capability (Solway et al., 2001).  To my knowledge, the 6MWT has 

not been used with this patient group, but has been shown to be reliable, reproducible 

and validated functional test for assessing ambulation (Li et al., 2005; 2007). 

 

The 6MWT records the maximum distance the patient can walk in 6 minutes. The 

patient walked back and forth over a level, carpet surface between two markers set 25 

m apart, and was instructed to walk “as far and fast as comfortably possible” for the 

duration of the test. Any discomfort or pain experienced during the test was recorded. 

 

The TUG is a simple and inexpensive test to measure the ability of patients to perform 

sequential locomotor tasks that incorporate walking and turning (Morris, Morris and 

Lansek, 2001). It is commonly used to observe functional mobility in populations with 

motor task difficulties (Podsiadlo and Richardson, 1991). The test requires a subject to 

stand from a chair, walk 3 m, turn, walk back and sit down. Time taken to complete the 

test is strongly correlated with the level of functional mobility. Adults who are able to 

complete the task in less than 20 s have been shown to be independent in transfer 

tasks involved in ADL. Subjects who require greater than 30 s to complete the task are 

more likely to be dependent during ADL (Podsiadlo et al., 1991). The TUG is reported 

to yield reliable and valid data for use in older populations (Freter and Fruchter, 2000; 

Morris et al., 2001; Shumway-Cook, Brauer and Woollacott, 2000). 
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The HiMAT consists of 13 tests that are assessed using either a stopwatch or 

measuring tape. Each test item is scored and values are summed for a total HiMAT 

score (maximum score = 54). Higher scores indicate better mobility performance. 

Depending on the ability of the participant and how many items they can perform, 

testing takes 5-15 minutes. No formal training is required to administer the HiMAT 

which was developed and validated in traumatic brain injury patients with high-level 

mobility goals. The HiMAT has shown less of a ceiling effect than other motor function 

tests (Williams, Robertson, Greenwood, Goldie and Morris, 2006). Clinically, it has 

been used in multiple sclerosis, spinal cord injury and cerebral palsy populations, 

however, it is yet to be validated with limb salvage patients. Please refer to Appendix F 

for further details, though a short description of the procedure is listed below. 

 

• Walking forwards and backwards – Patients were asked to walk “as quickly, but 

as safely” as possible from one cone to another, which were placed every 5 m 

for a total of 20 m. The middle 10 m of the 20 m trial was timed. Once patients 

reached the 20 m cone, they were instructed to have a short break. This task 

was repeated with the patient walking backwards. 

• Walk on toes – As for the walking task, any heel contact during the middle 10 m 

was recorded as a fail. 

• Walk over obstacle - As for the walking task, but with a ‘house brick-sized book’ 

placed across the walkway at the mid-point. Patients must step over the book 

without contacting it. A fail was recorded if patients stepped around the book 

or made contact with the book. 

• Run - The middle 10 m of a 20 m trial was timed. A fail was recorded if patients 

did not have a consistent flight phase during the trial. 

• Skipping - The middle 10 m of a 20 m trial was timed. A fail was recorded if 

patients did not have a consistent flight phase during the trial. 

• Bound (affected) - A bound is a jump from one leg to the other with a flight 

phase. Patients stood behind a line on their less affected leg, hands on hips, 

and jumped forward landing on their more affected leg. Each bound was 

measured from the start line to the heel of the landing foot. The average of 

three trials was recorded. 
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• Bound (unaffected) - Patients stood behind a line on their more affected leg, 

hands on hips, and jumped forward landing on their less affected leg. The 

average of three trials was recorded. 

• Up stairs - Patients were asked to walk up a flight of 14 stairs at their normal 

speed. The trial duration was recorded from when the patient began until both 

feet were at the top step. Patients who used the rail or a non-reciprocal pattern 

were scored as “Up Stairs Dependent”. Patients who ascend the stairs 

reciprocally without a rail were scored as “Up Stairs Independent” and received 

an additional 5 points. 

• Downstairs – This test was administered and scored as above, except the 

patient was required to descend a flight of 14 steps.  

 

Standardised Rehabilitation 

 

At each session participants began with 5-10 minutes of aerobic exercise using a 

recumbent bicycle, upright bicycle or an arm ergometer, depending on the patient’s 

joint ROM. This was followed by a series of isometric and isotonic resistance exercises 

for approximately 45 minutes. The session ended with 5-10 minutes of aerobic 

exercise, before patients commenced 30 minutes of hydrotherapy. Individual exercises 

and rationales are listed below. 

 

Hydrotherapy consisted of 5-10 minutes of forwards, backwards and sideways walking 

which focused on gait re-training principles, with a water temperature of 34°C. This 

was followed by 5 minutes of hamstring, quadriceps and gastrocnemius muscle group 

stretching. The remainder of the session involved basic strengthening and ROM 

exercises which included thigh flexion, extension, abduction and adduction; leg flexion; 

squats; calf raises; step ups; lunges; deep water cycling and scissors. Depending on the 

patient’s physical function, exercises began at 10 repetitions and progressed to 50 

repetitions. The intensity of exercises was increased through the addition of floatation 

devices, which were attached to patient’s ankles to provide resistance. Once patients 

were able to complete 50 repetitions of all exercises with a floatation device, they 

were no longer required to participate in hydrotherapy. 
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Listed below are the intervention exercises and individual rationales (in italics). 

 
STAGE 1 

• Recumbent cycling and/or arm ergometer (5-8 minutes). Used to increase 
cardiovascular fitness, muscle tone and joint ROM. 

• Stretches of the quadriceps, hamstring and calf muscle groups beginning with a 
5 s stretch and building up to 2 minutes. Stretching was used to increase muscle 
flexibility; reduce the risk of injury; reduce pain associated with muscle and joint 
stiffness; and enhance performance. 

• Passive and active ROM; heel slides were used to promote knee flexion and 
extension; foot pumps beginning with gravity providing resistance leading up to 
theraband resistance. This was used to increase plantar and dorsi flexion ROM. 
Passive ROM was used to reduce joint and muscle stiffness; active ROM helped 
identify restriction in joint ROM, the onset of pain and the presence of abnormal 
movement patterns; and encouraged lower extremity circulation. 

• Electrical stimulation of the required muscle (generally the gluteal, quadriceps, 
hamstring or calf muscle groups). The muscle was passively stimulated to begin, 
then the patient was asked to isometrically contract the muscle simultaneously 
with the machines stimulation. To assist in active muscle contraction and to 
overcome muscle inhibition. 

• Isometric contractions of the gluteal, quadriceps, hamstring or adductor muscle 
groups. These were held for 8-10 s, with a 10 s rest, for 10-15 repetitions. 
Exercises include static quadriceps contraction, thigh adduction, prone heel 
press and prone hamstring isometric contraction. Isometric contractions were 
used when the muscle was too weak to perform ROM exercises. Isometric 
exercises prevented muscle atrophy by increasing static strength and therefore, 
helped with regaining muscle tone; decreased swelling and lymphodema by 
pumping accumulated fluid around the body; and limited neural dissociation of 
proprioceptors. 

• Hydrotherapy exercises began with no floatation devices. Activities included 
walking, gait training, stretches and basic muscle strengthening exercises. This 
lasted approximately 30 minutes. Used to relax sore or inflamed muscles and 
joints; increase muscle flexibility; promote confidence in walking, weight 
bearing activities and balance/proprioception; increase gluteal, quadriceps and 
calf muscle strength through thigh flexion, thigh extension and calf raise 
exercises. 

 
STAGE 2 

• Upright cycling (ROM dependent) (5-8 minutes). Used to increase 
cardiovascular fitness, muscle tone and joint ROM. 

• Stretches. As above. 
• Upper limb and trunk resistance exercises including latissimus pulldown, tricep 

pushdown, pectoral flies and trunk flexion; beginning with high repetitions and 
low weight, and aimed at promoting muscle endurance. Incorporated to 
increase muscle strength, muscle tone and core stability of the upper body. 

• Non-weight bearing resistance exercises such as terminal leg extension, straight 
leg raise, supine thigh adduction, prone thigh extension and gluteal clams. Used 
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to strengthen the lower limb musculature without applying a large load on the 
knee and hip joints. 

• Advanced hydrotherapy (30 minutes). Same exercises as stage 1, however, 
incorporating floatation devices into each exercise to increase the resistance. 

 
STAGE 3 

• Upright cycling (ROM dependent) (8-10 minutes). As above. 
• Stretches. As above. 
• Calf raises. Increase strength of gastrocnemius, soleus and plantaris muscles. 

This is especially good if the sciatic nerve is damaged. 
• Leg Curl (This exercise was completed two ways. Firstly a set was completed 

using the affected limb only (single limb). The second set was completed using 
both legs together. The single leg repetition (affected limb only) was aimed at 
restoring function and strength of the affected limb to the same as the 
unaffected limb. Patients with no sciatic nerve were unable to complete this 
exercise and were given a substitute exercise. 

• Seated thigh adduction. Used to strengthen the adductor brevis, longus and 
magnus; pectineus and gracilis muscles. 

• Seated thigh abduction. Used to strengthen gluteus minimus and medius 
muscles. 

• Standing thigh flexion. Used to strengthen the iliopsoas, rectus femoris and 
sartorius muscles. 

• Standing hip extension. Used to strengthen the gluteus maximus and hamstring 
muscles. 

• Wall squats. This is a good functional activity that requires hamstring, 
quadriceps and gluteal muscle strength, as well as core stability. 

• Balance and proprioception (Balance began with a 5 s hold and built up to 1 
minute). Exercises began with both limbs on the ground and progressed to 
single limb balancing activities. Apparatus included wobble boards, dura disks, 
Swiss balls and a bosu. These exercises aim to restore patient’s kinesthetic 
awareness. Balance activities began as soon as patients were performing 
weight-bearing activities. 

 
STAGE 4 

• Upright cycling (ROM dependent); (5-8 minutes). As above. 
• Stretches. As above. 
• Single leg calf raises. As above, however, adding more resistance to affected 

limb. 
• Supine thigh extension. The aim was to increase gluteal and hamstring muscle 

strength. 
• Standing thigh abduction. Used to strengthen gluteus minimus and medius; also 

incorporates balance. 
• Standing thigh flexion. As above. 
• Standing thigh extension. As above. 
• Wall squats on Bosu. As above, however, also working on balance and core 

stability. 
• Balance. As above. Additionally patients were asked to close their eyes while on 

both limbs and also when balancing on a single limb. 
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• Keylink (this involves continuous leg flexion and extension for a series of 
repetitions). Used to strengthen quadriceps and hamstring muscle groups. It 
also simulates ADL such as walking and stair climbing. 

• Lunges. This exercise involves a high level of muscle strength and coordination. 
Very few participants engaged in this activity. 

 

Data Analysis 

 

The effectiveness of a 12 week, supervised exercise rehabilitation programme focusing 

on muscle strength, joint ROM, mobility, functional movement and QOL, was assessed 

in patients with major muscular loss or denervation following resection of a sarcoma. 

Patients were assessed twice at baseline (to ensure stability in their physical and 

mental state before undertaking the intervention), and once at 6 weeks (most 

variables) and 12 weeks (all variables). Patient stability at baseline was determined on 

an individual basis, whereby data from the second baseline assessment needed to be 

within 10% of the first, for each variable. 

 

A series of paired sample t-tests (two-tailed) was used to assess the significance of 

changes in primary outcome variables between baseline (from the second baseline 

test) and 12 weeks. A series of repeated measures ANOVA was used to compare scores 

for joint ROM and strength measures of the affected limb, as well as functional tests 

(6MWT, TUG, HiMAT), at baseline, 6 and 12 weeks. If a significant main effect was 

achieved, post-hoc analyses were conducted using pairwise comparisons to specifically 

identify the time points at which these differences occurred. 

 

Finally, a series of paired samples t-tests was used to analyse differences between the 

affected and unaffected limbs for joint ROM and strength measures at 12 weeks. 

Statistical analysis was performed using SPSS software (SPSS, Version 11.5, SPSS inc., 

USA), while statistical significance was determined at p<0.02 for all analyses. Here, the 

alpha level was adjusted (from p<0.05) in view of the multiple comparisons being 

made. 
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CHAPTER 4 

RESULTS 

 

Though nine subjects were enrolled in the study, only eight completed the 

rehabilitation program through to week 12. One subject did not complete the final test 

session due to a medical condition which prevented him travelling from home. This 

subject’s data were omitted from statistical analysis. 

 

PRIMARY OUTCOME VARIABLES 

 

A significant improvement (p<0.02) was observed for PCS, MCS and TESS scores over 

time (Table 4.1), with mean scores increasing by 18.6, 11.1 and 18.5 points from 

baseline to 12 weeks respectively (Figure 4.1). It should be noted that all three of these 

measures were scored out of 100. 

 

Table 4.1 Descriptive statistics and paired T-test (2-tailed) summary for primary 
outcome variables – SF-36 (physical component score [PCS]; mental component score 
[MCS]) and Toronto Extremity Salvage Score (TESS), at baseline (0) and 12 weeks (12). 
 

 
Variables 

 
N 
 

Mean 
 

SD 
 

t 
 

Df 
 

Sig. (2-tailed) 
 

PCS 0 
 

8 
 

38.5 
 

8.8 
 

 
 

 
 

 
 

PCS 12 
 

8 
 

54.1 
 

12.8 
 

-3.839 
 

7 
 

0.006 
 

       
MCS 0 
 

8 
 

51.3 
 

6.0 
 

 
 

 
 

 
 

MCS 12 
 

8 
 

62.4 
 

4.8 
 

-5.244 
 

7 
 

0.001 
 

       
TESS 0 
 

8 
 

70.2 
 

12.8 
 

 
 

 
 

 
 

TESS 12 
 

8 
 

88.7 
 

11.9 
 

-6.939 
 

7 
 

0.001 
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Figure 4.1 Mean scores (± SE) of the SF-36 (physical component score [PCS]; mental 
component score [MCS]) and Toronto Extremity Salvage Score (TESS) at baseline and 
12 weeks. 
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SECONDARY OUTCOME VARIABLES 
 
No significant differences (p>0.02) were found for leg flexion, leg extension and thigh 

flexion ROM of the affected limb over time (Table 4.2). However, thigh extension ROM 

improved significantly over time (p=0.001). Post hoc analysis of thigh extension ROM 

showed a significant difference from baseline to 6 weeks (p=0.005) and from baseline 

to 12 weeks (p=0.001). 

 

This analysis demonstrated improvement trends for leg flexion, leg extension and thigh 

flexion ROM, but the comparisons failed to reach significance. Clearly, the small 

number of subjects affected statistical power in these analyses. Patients also 

presented with a wide range of disabilities with respect to ROM which presented 

problems for this type of statistical comparison. 
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Table 4.2 Descriptive statistics and ANOVA summary of joint range of motion (ROM) 
measures of the affected limb at baseline (0), 6 and 12 weeks. 
 

 

Thigh abduction, adduction and flexion strength of the affected limb revealed 

significant improvement over time (p<0.02) (Table 4.3). Post hoc analysis of thigh 

abduction strength showed an increase from 6 to 12 weeks (p=0.018), and from 

baseline to 12 weeks (p=0.009). Thigh adduction strength also revealed significant 

changes from 6 to 12 weeks (p=0.003), and baseline to 12 weeks (p=0.001). Thigh 

flexion strength showed significant changes from baseline to 6 weeks (p=0.010), and 

baseline to 12 weeks (0.006).  

 
Variable 

 
N 
 

Mean 
(deg) 

 
SD 

 
F 
 

Sig. 
 

Power 
 

Pairwise comparisons 
 

Leg flexion 0 
 

8 
 

100.7 
 

30.9 
 

 
 

 
 

 
 

0-6 
 

0.033 
 

Leg flexion 6 
 

8 
 

110.7 
 

29.4 
 

6.11 
 

0.027 
 

0.670 
 

6-12 
 

0.139 
 

Leg flexion 12 
 

8 
 

117.4 
 

22.4 
 

 
 

 
 

 
 

0-12 
 

0.032 
 

         
Leg extension 0 
 

8 
 

176.0 
 

8.0 
 

 
 

 
 

 
 

0-6 
 

0.068 
 

Leg extension 6 
 

8 
 

178.0 
 

7.3 
 

4.67 
 

0.068 
 

0.462 
 

6-12 
 

0.999 
 

Leg extension 12 
 

8 
 

178.0 
 

7.3 
 

 
 

 
 

 
 

0-12 
 

0.068 
 

         
Thigh flexion 0 
 

8 
 

83.0 
 

35.2 
 

 
 

 
 

 
 

0-6 
 

0.042 
 

Thigh flexion 6 
 

8 
 

111.1 
 

28.3 
 

5.83 
 

0.046 
 

0.553 
 

6-12 
 

0.515 
 

Thigh flexion 12 
 

8 
 

112.2 
 

28.0 
 

 
 

 
 

 
 

0-12 
 

0.050 
 

         
Thigh extension 0 
 

8 
 

16.9 
 

8.5 
 

 
 

 
 

 
 

0-6 
 

0.005 
 

Thigh extension 6 
 

8 
 

26.1 
 

12.3 
 

20.12 
 

0.001 
 

1.000 
 

6-12 
 

0.022 
 

Thigh extension 12 
 

8 
 

32.2 
 

9.0 
 

 
 

 
 

 
 

0-12 
 

0.001 
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Table 4.3 Descriptive statistics and ANOVA summary of strength measures of the 
affected limb at baseline (0), 6 and 12 weeks. 
 

 
Variable 

 
N 
 

Mean 
(kg) 

 
SD 

 
F 
 

Sig. 
 

Power 
 

Pairwise 
comparisons 

 
Thigh Abduction 0 
 

8 
 

63.1 
 

23.4 
 

 
 

 
 

 
 

0-6 
 

0.036 
 

Thigh Abduction 6 
 

8 
 

70.0 
 

23.9 
 

10.78 
 

0.001 
 

0.968 
 

6-12 
 

0.018 
 

Thigh Abduction 12 
 

8 
 

80.0 
 

31.1 
 

 
 

 
 

 
 

0-12 
 

0.009 
 

         
Thigh Adduction 0 
 

8 
 

59.4 
 

29.1 
 

 
 

 
 

 
 

0-6 
 

0.021 
 

Thigh Adduction 6 
 

8 
 

71.9 
 

34.3 
 

20.79 
 

0.001 
 

1.000 
 

6-12 
 

0.003 
 

Thigh Adduction 12 
 

8 
 

79.4 
 

32.2 
 

 
 

 
 

 
 

0-12 
 

0.001 
 

         
Thigh Flexion 0 
 

8 
 

22.5 
 

15.4 
 

 
 

 
 

 
 

0-6 
 

0.010 
 

Thigh Flexion 6 
 

8 
 

37.5 
 

20.2 
 

13.19 
 

0.001 
 

0.989 
 

6-12 
 

0.026 
 

Thigh Flexion 12 
 

8 
 

46.2 
 

25.5 
 

 
 

 
 

 
 

0-12 
 

0.006 
 

  
 
A significant difference (p<0.02) over time was demonstrated in all of the functional 

tests listed in Table 4.4. Post hoc analysis of the 6MWTD showed significant changes 

from baseline to 6 weeks (p=0.002), 6 to 12 weeks (p=0.015), and from baseline to 12 

weeks (p=0.001). TUG time revealed significant changes from baseline to 6 weeks 

(p=0.002), and baseline to 12 weeks (p=0.001). TUG time plateaued from 6 to 12 

weeks, hence was not statistically significant (p=0.028). HiMAT total score 

demonstrated significant improvement from baseline to 6 weeks (p=0.003), 6 to 12 

weeks (p=0.001), and baseline to 12 weeks (p=0.001). 

 

From baseline to 6 weeks in the 6MWT, a significant mean score increase of 115.6 m 

was observed, but only a 23.7 m increase from 6 to 12 weeks (Figure 4.2). On the 

secondary axis, TUG time decreased by 2.6 s and 0.5 s from baseline to 6 weeks, and 6 

to 12 weeks respectively. HiMAT total score, also on the secondary axis, increased by 

6.6 and 4.5 points from baseline to 6 weeks, and 6 to 12 weeks respectively.  
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Table 4.4 Descriptive statistics and ANOVA summary of functional tests including the 
six minute walk test (6MWT), timed up and go (TUG) and the high level mobility 
assessment tool (HiMAT) at baseline (0), 6 and 12 weeks. 
 

 
Variable 

 
N 
 

Mean 
 

SD 
 

F 
 

Sig. 
 

Power 
 

Pairwise 
comparisons 

 
6MWT 0 (m) 
 

8 
 

409.4 
 

99.1 
 

 
 

 
 

 
 

0-6 
 

0.002 
 

6MWT 6 (m) 
 

8 
 

525.0 
 

138.2 
 

37.30 
 

0.001 
 

1.000 
 

6-12 
 

0.015 
 

6MWT 12 (m) 
 

8 
 

548.7 
 

123.3 
 

 
 

 
 

 
 

0-12 
 

0.001 
 

         
TUG 0 (s) 
 

8 
 

9.3 
 

1.8 
 

 
 

 
 

 
 

0-6 
 

0.002 
 

TUG 6 (s) 
 

8 
 

6.7 
 

1.1 
 

30.97 
 

0.001 
 

1.000 
 

6-12 
 

0.028 
 

TUG 12 (s) 
 

8 
 

6.2 
 

1.5 
 

 
 

 
 

 
 

0-12 
 

0.001 
 

         
HiMAT 0 
 

8 
 

16.6 
 

10.9 
 

 
 

 
 

 
 

0-6 
 

0.003 
 

HiMAT 6 
 

8 
 

23.2 
 

12.0 
 

42.30 
 

0.001 
 

1.000 
 

6-12 
 

0.001 
 

HiMAT 12 
 

8 
 

27.7 
 

11.0 
 

 
 

 
 

 
 

0-12 
 

0.001 
 

 
 
Figure 4.2 Mean scores (± SE) of the six minute walk test (6MWT), timed up and go 
(TUG) and high level mobility assessment tool (HiMAT) at baseline, 6 and 12 weeks. 
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No significant differences existed (p>0.02) between the affected and unaffected limbs 

at 12 weeks for leg flexion, leg extension, thigh flexion and thigh extension range of 

motion, or thigh flexion strength (Table 4.5). However, a trend was observed for limb 

differences in leg flexion ROM with a 19.5 degree difference in mean scores. Given the 

small sample (and therefore, low statistical power) we cannot be confident that no 

difference existed for the variable. 

 

At 12 weeks, based on the mean scores, the affected limb was functioning ≥80% of the 

unaffected limb on all the measures (Table 4.5). Leg flexion, leg extension, thigh flexion 

and thigh extension range of motion, and thigh flexion strength of the affected limb 

was functioning at 86%, 99%, 95%, 84%, 96% of the unaffected limb respectively. 

 
Table 4.5 Descriptive statistics and T-test (2-tailed) summary for ROM and strength 
measures of the affected (a) and unaffected (u) limbs at 12 weeks. 
 

 
Variables 

 
N 
 

Mean 
 

SD 
 

t 
 

Df 
 

Sig. (2-tailed) 
 

Leg flexion (u) (deg) 
 

8 
 

136.9 
 

4.3 
 

 
 

 
 

 
 

Leg flexion (a) (deg) 
 

8 
 

117.4 
 

22.4 
 

2.348 
 

7 
 

0.051 
 

       
Leg extension (u) (deg) 
 

8 
 

180.5 
 

1.7 
 

 
 

 
 

 
 

Leg extension (a) (deg) 
 

8 
 

178.0 
 

7.3 
 

1.188 
 

7 
 

0.274 
 

       
Thigh flexion (u) (deg) 
 

8 
 

118.0 
 

19.0 
 

 
 

 
 

 
 

Thigh flexion (a) (deg) 
 

8 
 

112.2 
 

28.0 
 

1.238 
 

7 
 

0.256 
 

       
Thigh extension (u) (deg) 
 

8 
 

27.2 
 

7.8 
 

 
 

 
 

 
 

Thigh extension (a) (deg) 
 

8 
 

32.2 
 

9.0 
 

-1.517 
 

7 
 

0.173 
 

       
3RM thigh flexion (u) (kg) 
 

8 
 

48.1 
 

23.1 
 

 
 

 
 

 
 

3RM thigh flexion (a) (kg) 
 

8 
 

46.2 
 

25.5 
 

1.158 
 

7 
 

0.285 
 

 
At 12 weeks, 6 participants had 1 or more strength or ROM parameters of the affected 

limb that were not returned to ≥80% of the unaffected limb values (Table 4.6). 
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Table 4.6 Absolute scores of range of motion (ROM) and strength measures, 
comparing affected (A) and unaffected (U) limbs at 12 weeks. 
 

Patient Variable A U % 

JB Leg flexion ROM (deg) 136 138 99 
 Leg extension ROM (deg) 160 177 90 
 Thigh flexion ROM (deg) 110 122 90 
 Thigh extension ROM (deg) 28 15 187 
 3RM thigh flexion (kg) 40 40 100 
 Isokinetic leg flexion strength (Nm) 56 89 63 
     

TV Leg flexion ROM (deg) 135 138 98 
 Leg extension ROM (deg) 180 182 99 
 Thigh flexion ROM (deg) 120 135 89 
 Thigh extension ROM (deg) 35 20 175 
 3RM thigh flexion (kg) 40 40 100 
 Isokinetic leg flexion strength (Nm) 60 84 71 
     

LN Leg flexion ROM (deg) 110 134 82 
 Leg extension ROM (deg) 182 182 100 
 Thigh flexion ROM (deg) 45 75 60 
 Thigh extension ROM (deg) 30 30 100 
 3RM thigh flexion (kg) 40 45 89 
 3RM leg flexion strength (kg) 30 35 86 
     

MR Leg flexion ROM (deg) 135 132 102 
 Leg extension ROM (deg) 180 180 100 
 Thigh flexion ROM (deg) 115 110 105 
 Thigh extension ROM (deg) 35 35 100 
 3RM thigh flexion (kg) 30 30 100 
 Isokinetic leg flexion strength (Nm) 39 42 93 
     

MD Leg flexion ROM (deg) 80 133 60 
 Leg extension ROM (deg) 181 180 101 
 Thigh flexion ROM (deg) 128 120 107 
 Thigh extension ROM (deg) 20 30 67 
 3RM thigh flexion (kg) 30 40 75 
 3RM leg flexion strength (kg) 15 20 75 
     

TL Leg flexion ROM (deg) 125 140 89 
 Leg extension ROM (deg) 180 182 99 
 Thigh flexion ROM (deg) 130 122 107 
 Thigh extension ROM (deg) 50 33 152 
 3RM thigh flexion (kg) 95 95 100 
 3RM leg flexion strength (kg) 30 50 60 
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JH Leg flexion ROM (deg) 130 135 96 

 Leg extension ROM (deg) 180 180 100 
 Thigh flexion ROM (deg) 125 130 96 
 Thigh extension ROM (deg) 25 20 125 
 3RM thigh flexion (kg) 75 70 107 
 Isokinetic leg flexion strength (Nm) 160 142 113 
     

RB Leg flexion ROM (deg) 88 145 61 
 Leg extension ROM (deg) 181 181 100 
 Thigh flexion ROM (deg) 125 130 96 
 Thigh extension ROM (deg) 35 35 100 
 3RM thigh flexion (kg) 20 25 80 
 3RM leg flexion strength (kg) 5 10 50 
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CHAPTER 5 

DISCUSSION 

 

Patients with a malignant STS in the lower limb undergo the excision of a large amount 

of bone and muscle to ensure complete removal of the tumour and to reduce the risk 

of local recurrence. This LSS significantly alters the structural organisation within the 

lower limb especially when motor nerves are completely encased in sarcomas. In this 

case, removal of the involved segment of the nerve en bloc with the tumour is the 

usual oncological strategy. These significant structural modifications require 

individuals to re-activate and strengthen the remaining lower limb musculature to 

compensate for this functional loss. In the absence of exercise rehabilitation patients 

can be left with significant disability and impairment, and are at risk to numerous 

secondary complications such as decreased joint ROM, poor motor control, limb length 

discrepancies and musculoskeletal/neuropathic pain (Marchese et al., 2006; Renard et 

al., 2000); all of which may leave patients prone to falls and dependent on walking aids 

(Carty et al., 2009; Jones et al., 2010). 

 

Numerous randomised studies have investigated the effects of exercise interventions 

in cancer survivors. Most samples consisted of breast cancer survivors and prostate 

cancer survivors, with no published studies having investigated the effects of exercise 

rehabilitation in lower limb STS survivors. However, all studies differed greatly in the 

length of the exercise programme, content and frequency, intensity and timing in 

relation to treatment completion; thereby making comparisons and generalisations 

difficult. 

 

LSS patients generally receive in-patient physiotherapy and once discharged, are left to 

their own devices to seek physical treatment to help improve their functional status. 

No researchers have investigated the effects of an exercise rehabilitation programme 

on the restoration of the extensor and/or flexor mechanisms of the lower limb 

following major muscular loss or denervation due to sarcoma resection; and no 

recommendations have been made for exercising patients with damage to their sciatic 

or femoral nerve. Therefore, the results of this study addressed the impact of a 12 

week, fully supervised combined aerobic and resistance exercise rehabilitation 
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programme focusing on muscle strength, mobility and functional movement, in 

patients with major muscular loss or denervation following resection of a sarcoma. We 

also evaluated the effectiveness of this rehabilitation programme on improving ADL 

and psychological well being in terms of QOL in this patient cohort. The rehabilitation 

intervention aimed to restore function of the affected limb to 80% of either the 

unaffected limb where appropriate, or an age-matched population from published 

normative data. 

 

IMPROVING PHYSICAL FUNCTION 

 

Range of Motion 

 

ROM of the hip and knee are important components of a person’s successful 

performance of walking and stair climbing (Carty et al., 2009), and have been shown to 

correlate with functional mobility and QOL in patients with lower limb sarcomas after 

surgery (Marchese et al., 2006).  

 

Mean ROM about the hip and knee of the affected side showed improvements from 

baseline to 12 weeks; however, statistically this was not significant which may have 

been due to the limited sample size. On average, leg and thigh flexion ROM at baseline 

was already in the required range to perform ADL, hence it was not surprising only a 

small increase occurred. These excellent ROM measures were sufficient to permit a 

normal gait pattern. Investigators reported that a normal gait pattern requires up to 

60° of leg flexion, up to 30° of thigh flexion and 20° of thigh extension (McFadyen et 

al., 1988), and ascending a set of steps requires 90-100° of leg flexion, 30-60° of thigh 

flexion and 5-30° of thigh extension (Jevsevar et al., 1993; McFadyen et al., 1988).  

 

One reason for participants beginning with high joint ROM measurements at baseline 

may be that the average age was 35 years, making the cohort quite young. 

Physiological changes reported with age include increased muscle and joint stiffness, 

and loss of elasticity in soft tissue matrices, which are all factors that contribute to a 

decrease in ROM (Buckwalter et al., 1993). However, when looking at leg flexion ROM 

individually, much greater improvements in two participants were seen, whereby their 



 

44 

baseline values of leg flexion began at 65° and 38°, and ended at 80° and 88° 

respectively. Whilst the baseline scores were well below requirements to perform 

many ADL, the exercise intervention was successful in restoring these individual’s ROM 

to a functional level. 

 

Considering group data, a mean baseline score for thigh extension ROM (16.9°) was 

below the required cut off for a normal gait pattern. Thigh extension ROM showed 

statistical and clinical improvement over time, leaving participants with the required 

ROM to function optimally by 6 weeks. 

 

As anticipated, at 12 weeks, no statistically significant differences were noted between 

the affected and unaffected side for leg flexion, leg extension, thigh flexion or thigh 

extension mean ROM scores, with the affected side operating within 80% of the 

unaffected side for all of these measures. When looking at individuals in the study 

group, only three participants had one or more parameters of the affected limb that 

were not returned to ≥80% of the unaffected limb. Despite this, their functional 

outcomes were still improved. Of these three participants, LN had his entire 

quadriceps resected, RB had three quadriceps and two hamstring muscles resected 

and an implanted hinged knee, and MD had an extensive quadriceps reconstruction 

also with a hinged knee inserted (see chapter 6). These extensive reconstructions and 

resections changed the soft tissue structure of the lower limb, thus ROM cannot be 

expected to return to normal levels. Overall, the intervention was successful in 

restoring a functional ROM to participants, particularly where major deficits were 

seen. 

 

Many of these ROM measures were not statistically significant, which was clearly due 

to the small and heterogeneous sample, as well as a conservative setting of the alpha 

level for significance due to multiple comparisons. The percentage change shown for 

many of these measures throughout the testing time points was well above the 

standard error which was considered from the double baseline assessments. This 

double baseline assessment ensured participants were physically and mentally stable 

before entry into the intervention. Although many of these ROM measures showed no 

statistical significance (except thigh extension ROM), clinical benefits were clearly 
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observed. Mean leg flexion ROM increased by 10% from baseline to 6 weeks; this 

increase in range could be the difference between a person riding a bike or not. Thigh 

flexion ROM increased by 34% from baseline to 6 weeks, this improvement may allow 

participants to get into and out of a bath. Lastly, mean thigh extension ROM increased 

by 23% from 6 to 12 weeks (this pairwise comparison was not statistically significant), 

which may allow a brisk walking pace instead of a slow pace. Therefore, these clinical, 

but not statistical significant changes appear to support a positive effect in physical 

function such as the performance of ADL. 

 

Strength 

 

It has been demonstrated that heavy resistance training increases skeletal muscle size 

in men and women regardless of age (Fiatarone et al., 1990; McCall et al., 1996; 

McCartney et al., 1996) and it has been suggested that this muscle hypertrophy occurs 

after 6 weeks of resistance training (Abe et al., 2000; Milne et al., 2008; Staron et al., 

1994).  

 

Although this patient group had extensive muscle resections and major soft tissue 

reconstructions (with one participant still undergoing chemotherapy at the time of the 

intervention), they were still able to participate in resistance training at a sufficient 

intensity to generate improvements in strength. Thigh abduction, thigh adduction and 

thigh flexion strength all showed statistically significant changes over the 12 week 

programme. Closer analysis shows statistically significant differences from baseline to 

6 weeks for thigh flexion, and from 6 to 12 weeks for thigh abduction and adduction 

strength. This change in strength appears greater than the floor effects seen in this 

very deconditioned population. Although thigh abduction and thigh adduction strength 

from baseline to 6 weeks and thigh flexion strength from 6 to 12 weeks did not reach 

statistical significance, the changes were greater than 10% in all cases, which 

demonstrates an important clinical benefit. This improvement in strength may be due 

to the individualised and specific nature of the exercises prescribed in the intervention, 

with constant progression of overload through increases in repetitions and/or load, 

combined with the time spent in clinic sessions. Exercises prescribed in the 
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intervention aimed at recruiting and re-innervating the remaining lower limb 

musculature then progressed to simulate more functional activities. 

 

No statistically significant differences were found between the affected and unaffected 

side for 3RM thigh flexion strength, with participants’ affected limbs operating at 96% 

of their unaffected limbs by 12 weeks. This 4% difference between affected and 

unaffected limb function is well below reported data in the literature, with bilateral 

deficits ranging from 13-25% in the lower limb for healthy individuals (Cresswell and 

Ovendal, 2002; Kawakami et al., 1998; Van Dieen et al., 2003).  Individually, all but one 

participant was able to return thigh flexion strength of their affected limb to within 

80% of their unaffected limb. No matter how extensive the structural damage to the 

lower limb musculature, strength improvements can still be achieved by modifying 

exercises to suit each individual patient.  

 

When comparing the affected and unaffected sides for leg flexion strength in 

individuals, only three participants were able to return their affected limb strength to 

80% of their unaffected limb. Of the remaining five participants who were unable to 

return their function up to 80%, three had extensive quadriceps reconstructions with 

hinged knee prosthetics implanted as well as a medial gastrocnemius flap, one 

participant had majority of her quadriceps and hamstring muscles resected in addition 

to a hinged knee prosthesis and a gastrocnemius flap and the other participant had the 

distal half of the sciatic nerve resected. These alterations to the lower limb soft tissue 

make it difficult to improve strength beyond a certain level. Despite the training, it 

appears denervation, resections and perhaps patient apprehension in the soft tissue 

directly affected by the STS has limited improvements in leg flexion strength. Overall, 

the remaining musculature of the affected limb has shown an excellent capacity to 

improve to 80% of the unaffected limb. 

 

TUG and 6MWT 

 

These strength improvements facilitated a large increase in 6MWTD and TUG time, 

which produced statistically significant differences over time. 6MWTD improved 

approximately 116 m from baseline to 6 weeks and a further 24 m from 6 to 12 weeks. 
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This change in walk distance indicates functional improvement, with a 50 m 

improvement being considered clinically significant (Perera et al., 2006). On average, 

this patient group is still 180 m below the estimated distance for healthy adults aged 

35 years (Gibbons et al., 2001); however, this is not surprising given the major 

surgeries these patients have undergone. It cannot be expected that this patient group 

will ever return to age-matched normative values due to the resection of muscle tissue 

and reconstructions affecting strength generating capacity of leg flexion/extension, 

which is not usually observed in this age group. Nevertheless, this large average 

increase in walk distance may be attributed to an increase in strength of remaining 

muscles, which is consistent with literature findings that indicates isometric strength of 

the quadriceps muscle, thigh extensors, knee extensors and plantar flexors contribute 

most to an increase in walk speed (Bean et al., 2002; Brown et al., 1995; Mangione et 

al., 2008; Ploutz-Snyder et al., 2002). This strength improvement as well as a high 

functioning leg and thigh ROM ultimately improves stride length, walking velocity and 

symmetry in the stance and swing phases of gait (Carty et al., 2009). 

 

A study by Marchese and colleagues (2006) of 68 lower limb sarcoma patients aged 10 

-26 years suggested that, on average, participants would score 6.4 s ± 1.8 s on the TUG, 

which leaves this study group slightly above other sarcoma survivors. This also 

highlights that our intervention afforded patients a better functional outcome 

compared to other interventions reported in the literature. Marchese et al. (2006) also 

reported that greater leg flexion, thigh flexion and thigh extension ROM correlated 

with faster performances during functional tests such as the TUG. It is difficult to 

compare the study patients with the healthy adult population as many studies 

involving the TUG as an outcome variable have only been applied to an elderly 

population, with a positive relationship being established between age and TUG time 

(Bohannon, 2006). Normative data for a healthy adult population suggests that on 

average, 95% of 71-75 year olds would score 15 s on the TUG (Pondal and del Ser, 

2008). 

 

It must be noted that 6MWTD was significantly improved from baseline to 6 weeks and 

6 to 12 weeks, whereas improvement in TUG time was only significant from baseline to 

6 weeks, with no significant change reported from 6 to 12 weeks. This plateau in TUG 



 

48 

time implies that one only requires 6 weeks of exercise training to achieve most 

positive gains on the parameter, compared to 12 weeks to improve on 6MWTD. This 

may be due to neuromuscular changes occurring quicker than strength improvements, 

as well as the TUG requiring skills such as coordination and balance which were 

improved early in the intervention through the use of hydrotherapy in this population. 

Hydrotherapy played a major role during the early phase of the rehabilitation 

intervention as it allowed an early resumption of gait training without the use of 

walking aids, in a safe environment and without the fear of falling. The warm water 

decreased muscle guarding and pain, and provided a comfortable and relaxing 

environment post surgery to allow for the practice of coordinated movements. This, 

coupled with early land-based training focusing on improving muscle activation and 

recruitment, also aided the increase in neuromuscular changes. Compared to the TUG, 

the 6MWT requires muscle endurance and cardiovascular fitness, which take longer 

than 6 weeks to maximise improvements. This change in 6MWTD from 6 weeks may 

be related to the continued improvement in thigh abduction, adduction and flexion 

strength from 6 to 12 weeks.  

 

HiMAT 

 

Although the mean HiMAT score demonstrated statistically significant changes over 

time, the group still remained 50% below the maximum score for healthy adults at 12 

weeks (Williams et al., 2009). This patient group are generally unable to complete 

tasks such as running, skipping or hop forward (affected limb). Markhede and 

colleagues (1981) reported STS patients having lost up to 76% of isometric leg 

extension strength and up to 55% of isometric leg flexion strength due to muscle 

resections and reconstructions, with many patients from this study having similar 

surgeries. Therefore, it appears unlikely that many of these study patients will ever be 

able to complete physically demanding tasks such as those listed above.  

 

On a more positive note, the majority of patients were able to improve on activities 

such as walking forwards, walking backwards, walk on toes, walk over obstacle and 

dependent stair climbing by 6 weeks. More demanding activities such as bounding on 

affected and unaffected limbs and independent stair climbing required the full 12 
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weeks to improve. This suggests it takes at least 12 weeks to build enough muscle 

strength, muscle endurance and confidence to improve on more physically demanding 

ADL such as bounding. As the mean ROM for he sample was within normal limits at 

baseline, improvement in functional tasks was likely due to the progressive increase of 

muscular strength. This increase in strength led to participation in more functional 

tasks during the intervention such as gait training. Overall, this exercise intervention 

appears effective in improving LSS patients’ ability to perform many common ADL, but 

it must be noted that 12 weeks of progressive resistance training is required to 

produce changes in ADL that have a high physical demand. 

 

INTERVENTION EFFECTS ON PARTICIPANTS’ PERCEPTIONS OF HEALTH AND PHYSICAL 

FUNCTION 

 

The results reveal that at baseline, mean impairment outcome for the patient group 

was 70.2% (slightly-moderately impaired) for the TESS. Following the exercise 

intervention, this impairment score increased to 88.7% indicating little to no 

impairment, which not only was statistically significant, but also 6-16% above data 

previously reported in the literature (Carty et al., 2009; Clarkson et al., 2005; Davis et 

al., 2000, 2002; Fuchs et al., 2001; Jones et al., 2010; Malo et al., 2001; Schreiber et al., 

2006).  

 

Such a large improvement in impairment outcome was somewhat surprising as many 

of these patients possessed a large, high grade tumour with substantial motor nerve 

sacrifice; factors which have been shown to indicate lower TESS scores (Davis et al., 

2000). Although the impairment outcome improved significantly, for many patients 

activities such as rising from kneeling, kneeling, participating in normal sporting 

activities, getting out of the bath and gardening still remained very difficult to perform. 

This is consistent with other reports in the literature for LSS patients (Carty et al., 2009; 

Malo et al., 2001). These tasks require fully functioning muscles, nerve and joints-

factors which many of these participants don’t possess. This significant improvement 

in perceived function may be due to the progressive increase in muscle strength and 

the improvement of affected limb compared to the unaffected limb for most 

parameters. As a result, participants were able to accomplish activities they haven’t 
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been able to do following LSS. These accomplishments may promote feelings of 

confidence, self-belief and a sense of achievement, which could ultimately increase 

TESS scores. 

 

These improvements in TESS were supported by statistically significant increases in PCS 

and MCS of the SF-36 from baseline to 12 weeks. At 12 weeks, mean PCS and MCS 

ended on 54.1 points and 62.4 points, respectively. These scores are approximately 15-

20% above literature reports for lower limb sarcoma patients who were 1 year post 

LSS (Davis et al., 2000; Malo et al., 2001), and 4% and 23% above the PCS and MCS for 

healthy adults aged 35-44 years (Hopman et al., 2000). A reason for the higher SF-36 

scores in this study compared to other reports in lower limb sarcoma patients could be 

that this is the first time this cohort has undertaken a structured exercise programme. 

To our knowledge, no author has reported on the effects of an exercise rehabilitation 

programme in LSS patients.  

 

In the past, SF-36 scores have been calculated pre and post radiotherapy treatment 

(Davis et al., 2002). Other reports involving cancer survivors had shown that a 

combined aerobic and resistance exercise programme soon after the completion of 

adjuvant therapies was an effective strategy for improving overall QOL and physical 

fitness (Korstjens et al., 2006; May et al., 2009; Milne et al., 2008). Other reasons for 

high SF-36 scores may be that the prescribed exercises were achievable, the 

intervention stage goals were realistic and scientific explanations were provided for all 

individual exercises throughout the intervention. These are all factors that promote 

exercise adherence (Burton et al., 1999; Conn, 1998; Rejeski et al., 2000; Resnick et al., 

2001). Attendance throughout the exercise programme was high, with only 6% of 

exercise sessions missed due to illness, travel problems or other appointments. 

 

In summary, this patient group presented with a substantial amount of muscle 

resected and reconstructed, leaving them reliant on walking aids, which allowed 

limited physical function. Over the course of the 12 week intervention, muscle strength 

has progressively increased and gait efficiency improved, such that patients were able 

to achieve ADL they were previously unable to do. These achievements have 
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subsequently promoted feelings of confidence and self-belief, which has ultimately 

resulted in significant increases in SF-36 and TESS. 

 

CLINICAL RECOMMENDATIONS 

 

A number of clinical recommendations can be made following the experience gained 

from the intervention, as follows. 

• We have demonstrated that limb preservation with major nerve resection 

and/or major muscular loss is not necessarily associated with a long-term 

impairment or disability if regular exercise rehabilitation is prescribed. Health 

professionals should feel comfortable recommending a combined aerobic and 

resistance exercise programme to LSS patients under their care as the exercises 

appear well tolerated and effective in achieving an increased QOL and physical 

function. 

• Although significant improvements were made at 6 weeks, 12 weeks of 

exercise rehabilitation is required to improve the higher demanding ADL such 

as bounding and independent stair climbing. 

• Exercise rehabilitation should not be limited to those who have completed 

cancer-related treatment, as improvements were reported for one participant 

who was undergoing chemotherapy treatment.  

• Rehabilitation should also be considered by people more than 1 year post 

surgery, as improvements have been demonstrated for participants up to 3 

years post LSS. 
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CHAPTER 6 

CASE STUDIES 

 

For the following chapter, four patients with differing demographics, prognoses, 

treatments and treatment times were selected for analysis, as these patients best 

described the diversity of functional loss experienced from LSS within our sample.  

 

The first case is an 18 year old male (TL), who underwent LSS in November 2009 for an 

osteosarcoma in his proximal tibia. He received a hinged knee arthroplasty, an 

extensor mechanism reconstruction and a medial gastrocnemius flap, which resulted 

in a highly atrophied quadriceps muscle. This initially impacted on TL’s ability to 

complete ADL such as walking and stair climbing. 

 

The second case is a 56 year old male (LN), who underwent resection of a high grade 

malignant fibrous histiocytoma in June 2009 involving his femoral neurovascular 

bundle. This resulted in the removal of LN’s entire quadriceps musculature as well as 

the distal half of his femoral nerve. LN was left with significant functional difficulties 

which required ambulation with the use of two crutches and a hinged knee brace. 

 

The third case is a 34 year old female (TV), who underwent LSS for a malignant 

peripheral nerve sheath tumour located in her posterior right thigh, involving the 

sciatic neurovascular bundle, in November 2007. Surgery resulted in the removal of 

the distal half of TV’s sciatic nerve, which left her ambulating with the use of an AFO 

due to her having no function or proprioception in the affected foot. 

 

The fourth case is a 20 year old female (RB), who underwent LSS for a high grade 

osteosarcoma in her right distal femur in October 2010. This resulted in the removal of 

RB’s vastus medialis, vastus intermedius, vastus lateralis, semimembranosus and 

semitendinosus muscles, which left her with the inability to complete basic ADL. RB is 

the only participant who undertook the intervention whilst completing adjuvant 

chemotherapy. 
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CASE 1: TL, MALE, 18 YEARS 

 

Introduction 

 

TL underwent limb salvage surgery in conjunction with neo-adjuvant and adjuvant 

chemotherapy for an osteosarcoma in his right proximal tibia in November 2009. A 

hinged knee arthroplasty was implanted from the distal third of his femur to the 

proximal third of the tibia to provide mechanical joint stability, whilst minimising wear 

by dispersing compressive stresses throughout the articular surface. Additionally, TL 

had a patellar tendon reconstruction to improve his extensor mechanism function. 

However, the patellar tendon is now stretched leaving him with patella alta, which 

ultimately reduces the force produced by his knee extensor mechanism (Aarimaa et 

al., 2008). A medial gastrocnemius flap and split skin graft were also performed. The 

flap was sutured to the reconstructed patellar tendon, which provides the necessary 

blood supply for healing and additional augmentation to the extensor mechanism.  

 

TL’s lower limb was immobilised in extension for 6 weeks post surgery. In-patient 

physiotherapy was administered twice per week, following discharge minimal out-

patient physical therapy was received. 

 

TL presented for this study 10 months following his surgery with a visually atrophied 

right quadriceps, which resulted in the initial inability to activate that muscle. He was 

unable to perform a straight leg raise or actively extend his knee. He did not suffer 

from any limb pain. TL’s gait was slow (baseline 6MWTD of 575 m compared to 830 m 

in healthy male children aged 7 to 16 years) and had reduced flexion during stance in 

his affected limb compared to a healthy male, which is consistent with other reports in 

the literature (Benedetti et al., 2000; Rompen et al., 2002). This reduced flexion is 

otherwise known as ‘stiff-knee gait’ and has been attributed to proprioceptive 

impairment, quadriceps muscle weakness, disruption of patella or patella tendon, knee 

instability or habit (Benedetti et al., 2003; Carty et al., 2009). He had few other health 

problems, however these did not affect his ability to safely exercise, and was not on 

any medication at the time of recruitment. Weight, height and BMI for TL, at baseline 

and 12 weeks, are presented in Table 6.1. TL experienced a 2.6 kg increase in weight, 
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SF-36, TESS and HiMAT.
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which may be a result of increased muscle mass over the 12 week exercise 

intervention but this was not measured. 

 

Table 6.1 Descriptive statistics at baseline and 12 weeks for patient TL. 

Variable Baseline 12 weeks 
Weight (kg) 89.4 92.0 
Height (cm) 185.0 185.0 
BMI 26.1 26.9 

 

Results 

 

At baseline, TL scored 44.1 in the physical component score and 50.4 in the mental 

component score of the SF-36 questionnaire. By 12 weeks, these scores increased to 

50.4 and 60.9 respectively (Figure 6.1). In the TESS questionnaire he scored 60 at 

baseline and 93 at 12 weeks. It must be noted that both the SF-36 component scores 

and the TESS were not measured at 6 weeks and both questionnaires have a maximum 

score of 100. 

 

Figure 6.1 Absolute scores of the SF-36 (physical component score [PCS]; mental 
component score [MCS]) and TESS at baseline and 12 weeks; and the HiMAT total 
score at baseline, 6 weeks and 12 weeks for patient TL. 
 

 

Max HiMAT 
score=54 
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For the HiMAT, TL scored 15, 29 and 34 at baseline, 6 weeks and 12 weeks, 

respectively (Figure 6.1). The HiMAT has a maximum total score of 54 and a maximum 

individual test score of 4, with the exception of upstairs and downstairs dependent 

walking where the maximum individual score is 5 (Figure 6.2). His absolute score 

improved considerably from baseline to 6 weeks (14 points) and further improvement 

of 5 points was seen from 6 to 12 weeks. Normative values for healthy 18-25 year old 

males reveal a 95% confidence interval of 50-54 for total HiMAT scores (Williams et al., 

2009); thus despite these improvements, his HiMAT total score was below normal. 

 

Figure 6.2 Absolute scores in the individual tests of the HiMAT at baseline, 6 weeks 
and 12 weeks for patient TL. 
 

 

For the majority of HiMAT tests, notable increases were made from baseline to 6 

weeks, with many scores plateauing from 6 to 12 weeks, including walking forwards, 

walking backwards, walk on toes, walk over obstacle, upstairs dependent and 

downstairs dependent (Figure 6.2). At baseline, TL was unable to run 10 m, however by 

6 weeks, he could run 10 m in 4.2 s which resulted in an absolute score of 1. In tests 

such as skipping, forward, hopping on affected limb and bounding, TL was unable to 

record a score at any of the testing time points, which highlights the difficulties he will 

have in the future with physically demanding activities. At baseline, he was very 
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reluctant to ambulate stairs, scoring 1, 2 and 4 on independent walking, upstairs 

dependent and downstairs dependent, respectively. By 6 weeks, he was confident and 

strong enough to slowly walk upstairs and downstairs without the use of a rail or aid. 

To ambulate stairs without the use of an aid, regardless of the time, scores a maximum 

of 5 on the tasks upstairs and downstairs dependent. A score of 5 can only be achieved 

on dependent upstairs and downstairs, all other tasks have a maximum score of 4. 

Improvements can also be seen on the task upstairs independent walking from 6 

weeks (score=2) to 12 weeks (score=4) and downstairs independent walking from 6 

weeks (score=1) to 12 weeks (score=4), where TL scored maximally. These tasks were 

completed under 6.8 s and 5.8 s respectively. 

 
At baseline and 6 weeks, a 6MWTD of 575 m and 775 m were recorded respectively 

(Figure 6.3). No further improvements in distance were recorded from 6 weeks to 12 

weeks. TL’s TUG score decreased by 2.6 s from baseline to 12 weeks, with his 12 week 

score being 4.5 s.  

 

Figure 6.3 Absolute scores of the 6MWT and TUG at baseline, 6 weeks and 12 weeks 
for patient TL. 
  

 
3RM thigh abduction strength increased by 22% from baseline to 6 weeks and 44% 

from baseline to 12 weeks, which is an increase of 20 kg and 40 kg respectively (Table 
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of affected and unaffected limbs. 3RM thigh flexion strength improved for both 

affected and unaffected limbs. Thigh flexion strength of the affected limb increased by 

100% and 137% from baseline to 6 weeks and baseline to 12 weeks, which is an 

increase of 40 kg and 55 kg. Thigh flexion strength of the unaffected limb improved by 

80% and 90%, (40 kg and 45 kg) from baseline to 6 weeks and baseline to 12 weeks. At 

12 weeks, thigh flexion strength of the affected limb was now equal to the unaffected 

limb. 

 

Table 6.2 Absolute scores of strength and range of motion (ROM) measures for patient 
TL, comparing affected and unaffected limbs at baseline, 6 weeks and 12 weeks. 
(Percentage changes from baseline in brackets). 
 

 Variables Affected Unaffected 
AF vs  

UF (%)* 

 

 
Baseline 

 
6 weeks 

 
12 weeks 

 
Baseline 

 
6 weeks 

 
12 weeks 

  
3RM Thigh 
abduction (kg) 
 

90  
(100) 

 

110  
(122) 

 

130  
(144) 

 
- 
 

- 
 

- 
  

- 
 

3RM Thigh 
adduction (kg) 
 

90  
(100) 

 

130  
(144) 

 

130  
(144) 

 
- 
 

- 
 

- 
  

- 
 

3RM Thigh 
flexion (kg) 
 

40  
(100) 

 

80  
(200) 

 

95  
(237.5) 

 

50  
(100) 

 

90  
(180) 

 

95  
(190) 

 
100 

 
3RM Leg 
curl (kg) 
 

20  
(100) 

 

25  
(125) 

 

30  
(150) 

 

40  
(100) 

 

50  
(125) 

 

50  
(125) 

 
60 

 
Leg flexion 
ROM (deg) 
 

112  
(100) 

 

124  
(111) 

 

125  
(112) 

 

140  
(100) 

 

140  
(100) 

 

140  
(100) 

 
89 

 
Leg extension 
ROM (deg) 
 

176 
(100) 

 

180 
(102) 

 

180 
(102) 

 

182  
(100) 

 

182  
(100) 

 

182  
(100) 

 
99 

 

*The percentage of affected limb (AL) function compared to the unaffected limb (UL) at 
12 weeks. 
 

3RM leg curl strength on the affected limb improved by 5 kg and 10 kg, which is an 

increase of 25% and 50% from baseline to 6 weeks and 12 weeks respectively (Table 

6.2). Leg curl strength of the unaffected limb improved by 10 kg, an increase of 25% 

from baseline to 6 weeks. No improvements were seen from 6 to 12 weeks. At 12 
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weeks, leg curl strength of the affected side was functioning at 60% of the unaffected 

side. 

 

Leg flexion ROM on the affected side was 112° at baseline, increased to 124° at 6 

weeks and 125° at 12 weeks, which is an improvement of 11% and 12% respectively 

(Table 6.2). Leg flexion ROM on the unaffected side remained stable at 140°, which 

was expected. Leg extension ROM on the affected side at baseline was 176° (fixed 

flexion deformity). This improved to 180° (full extension) by 6 weeks. Leg extension 

ROM on the unaffected side remained stable at 182° for the 12 week intervention. At 

12 weeks, leg flexion and extension ROM of the affected side was functioning at 89% 

and 99% of the unaffected side respectively. 

 

Discussion 

 

Limb salvage surgery in this case involved the removal of the knee joint and portions of 

the tibia and femur for the treatment of an osteosarcoma and resulted in a wide range 

of soft tissue and functional loss. Progressive resistance and aerobic training has been 

used successfully to restore function in cancer survivors and adults with chronic 

disease (Cheema and Gaul, 2006; Courneya et al., 2009; Milne et al., 2008). This study 

evaluated the effectiveness of a 12 week exercise rehabilitation programme on muscle 

strength, mobility and functional movement, and its effects on improving QOL and 

ADL. Additionally, we aimed to improve function of the affected limb to 80% of the 

unaffected limb. 

 

The results reveal, at baseline, TL presented with an overall impairment of 60% 

(moderately impaired) in the TESS. Following the exercise intervention this impairment 

score improved to 93% (little to no impairment), which is 10-20% above previous 

reports in the literature (Carty et al., 2009; Clarkson et al., 2005; Davis et al., 2000, 

2002; Fuchs et al., 2001; Jones et al., 2010; Malo et al., 2001; Schreiber et al., 2006). 

This improvement in function may be due to the specific nature of exercises prescribed 

in the intervention (primarily focusing on isometric quadriceps muscle exercises), the 

constant progression of exercises, and the duration and frequency of clinic sessions. 

Furthermore, TL was able to complete tasks measured by TESS (such as rising from 
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kneeling, kneeling, participating in normal sporting activities, getting out of the bath 

and gardening) by week 12, putting him above the level of function previously 

reported in the literature (score of 4 or 5) (Malo et al., 2001).  

 

These improvements were supported by an increase in the PCS and MCS of the SF-36. 

The PCS is a combination of the following 4 subscales: physical function, physical role, 

bodily pain and general health, which in total, increased 14% over the 12 week period. 

The MCS consists of the subscales: vitality, social function, emotional role and mental 

health, which increased 21%. Both of TL’s scores were above literature reports for 

lower limb sarcoma patients (Davis et al., 2000; Malo et al., 2001). However, at 12 

weeks TL’s score was approximately 3% below that reported for healthy young adult 

men aged 16-19 years in the PCS, but 11% above the average for MCS (Hopman et al., 

2009). This suggests that no matter how much exercise rehabilitation TL participates 

in, he will always be slightly physically impaired compared to the healthy population. 

TL’s higher MCS may be because of an increase in confidence due to his improvement 

in some functional tasks. 

 

TL’s leg flexion and extension ROM of the affected limb at 12 weeks was within 10% 

and 1% of the unaffected limb respectively, leaving him with 125° leg flexion and 182° 

leg extension (slight hyper-extension) on his affected side. Although TL’s leg flexion of 

his affected limb is 15° below his unaffected side, researchers have shown that a 95° 

range is all that is required to complete ADL (Miner et al., 2003). 

 

Significant strength improvements were seen in thigh abduction, thigh adduction, 

thigh flexion and leg curl for TL’s affected limb, with all measures (except for leg curl) 

increasing to be within 80% of the unaffected limb. Thigh flexion strength is now equal 

between affected and unaffected limbs, with the affected side increasing 137% from 

baseline to 12 weeks. However, leg curl strength in the affected limb still remains 40% 

weaker than the unaffected limb, which may be due to TL having exceptionally high leg 

curl strength in his unaffected limb at baseline. TL’s strength increase of 50% in the leg 

curl (affected limb) is well above reports of hamstring strength increases in the 

literature, with studies revealing 17 - 41% increases (Ronnestad et al., 2007; Starkey et 

al., 1996). This significant improvement in hamstring strength may be attributed to the 
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design of the exercise intervention, which began with isometric activities of all lower 

limb muscles at a low intensity and progressed to more functional activities such as 

squatting at a higher intensity. 

 

These strength improvements facilitated the large increase in 6MWTD and TUG scores, 

with 6MWTD increasing 200 m and TUG time reducing to 4.5 s. This improvement in 

walk distance is very important, with a 50 m improvement being considered clinically 

significant (Perera et al., 2006). Furthermore, this 200 m increase has put TL just 55 m 

below the estimated distance for healthy male children aged 7 - 16 years who were 

above 180 cm in height (Li et al., 2007), illustrating that he is performing very close to 

normal. This remarkable increase in distance may be attributed to an increase in 

quadriceps strength and leg ROM which ultimately improves stride length, walking 

velocity and symmetry in the stance and swing phases of gait. Interestingly, TUG time 

continued to decrease throughout the duration of the intervention, whereas 6MWTD 

increased from baseline to 6 weeks, and then plateaued from 6 weeks to 12 weeks. 

This may be due to TL having gained enough strength at 6 weeks to ambulate at his 

highest velocity, whereas TUG involves more agility and coordination, factors which 

require more time to improve. Published normative data also suggests that, on 

average, 95% of 71-75 year old males would score 13 s on the TUG (Pondal and del Ser, 

2008), with a positive relationship being established between age and time score 

(Bohannon, 2006).  

 

In the HiMAT, TL’s total score improved significantly from baseline to 12 weeks, 

however, the majority of test improvements were made from baseline to 6 weeks 

(Figure 6.2). This is consistent with Milne and colleagues (Milne et al., 2008) who 

reported an increase in muscular strength, aerobic fitness and QOL after 6 weeks of 

exercise rehabilitation. Although TL’s absolute HiMAT score improved significantly, he 

still remains 16-20 points below the norm for healthy 18-25 year old males (Williams et 

al., 2009), and unable to complete tasks such as skipping, hopping on the affected limb 

and bounding on either the affected or unaffected limb. This may be due to his limited 

leg extension strength and decreased leg flexion ROM (compared to his unaffected 

limb). There are known factors associated with impairment and disability (Carty et al., 

2009), as well as an excessively inverted right foot which effects TL’s gait and balance. 
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Realistically, with the amount of muscle reconstructed and the insertion of a hinged 

knee prothetic, it appears unlikely TL will ever be able to complete tasks such as 

skipping, hopping and bounding. For the stair climbing tasks it took 6 weeks for TL to 

slowly ambulate stairs without the use of a rail, scoring a maximum of 5 (upstairs and 

downstairs dependent, which only requires the completion of the task; time is not a 

factor). However, it required 12 weeks of rehabilitation for TL to score the maximum of 

4 for upstairs and downstairs independent as this was scored based on time, making it 

a higher demanding task. This suggests that it only takes 6 weeks to improve on less 

demanding activities such as walking unaided with no time restrictions, however, a 

further 6 weeks of strength and coordination was needed to improve the more 

physical demanding ADL such as walking stairs unaided under a time restriction.  

 

In summary, patient TL presented with a highly atrophied right thigh and an inability to 

activate the quadriceps muscle. Over the course of the 12 week exercise intervention 

TL’s muscle strength, leg ROM and gait improved such that he was able to achieve a 

straight leg raise, normal leg flexion and extension ROM and a symmetrical gait 

pattern. This resulted in significant increases in SF-36, TESS, HiMAT, 6MWT and TUG 

scores. 
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CASE 2: LN, MALE, 56 YEARS 

 

Introduction 

 

LN underwent a resection of a high grade malignant fibrous histiocytoma involving his 

femoral neurovascular bundle, following neo-adjuvant chemotherapy in June 2009. 

The sarcoma presented in the proximal aspect of his left thigh, underneath the 

sartorius muscle, and extended over a cranio-caudal length of 11.5 cm. Surgery 

resulted in the removal of LN’s entire quadriceps muscle group, as well as the distal 

half of his femoral nerve. Additionally, artery and vein bypass grafts were done. 

 

Unfortunately, LN suffered an infection, requiring the exchange of his vascular conduit 

to a venous conduit and a free latissimus dorsi flap muscle transfer. The entire length 

of his left latissimus dorsi muscle along with its tendon insertion into the humerus was 

harvested. The proximal tendon of the latissimus dorsi was sutured to the bone on the 

anterior surface of the proximal metaphysis of the femur and the distal portion was 

sutured to the quadriceps tendon. The latissimus dorsi flap cannot compensate fully 

for the loss of extensor function; however, it contributes to knee stability, and may 

provide some degree of active extension (Doi et al., 1999; Innocenti et al., 2009).  

 

LN received 2 weeks of in-patient physiotherapy which involved passive and active 

ROM exercises, but did not participate in any out-patient physical therapy.  

 

LN presented for this study 14 months following his surgery, ambulating with the use 

of two crutches and a UTX supportive hinge brace. LN had the ability to ambulate with 

the brace only, however, did not have the confidence in his affected limb to do this for 

long periods (baseline 6MWTD of 450 m). LN possessed an asymmetrical gait pattern 

and had abnormal flexion-extension patterns at the hip and knee on the affected side. 

Previous studies have demonstrated that the extent of removed quadriceps affects the 

strength of active leg extension and increases joint loading (Markhede and Stener, 

1981). This also increases energy cost during ambulation due to inefficient muscle 

activity required to compensate for the lost function of resected tissues (Kawai et al., 

1998).  
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LN did not possess any additional health complications, however, he consumed 15 mg 

of warfarin daily and was not suffering from any pain or numbness. Weight, height and 

BMI for LN, at baseline and 12 weeks, are presented in Table 6.3. LN experienced a 2.5 

kg increase in weight, which may be a result of increased muscle mass over the 12 

week exercise intervention. 

 

Table 6.3 Descriptive statistics at baseline and 12 weeks for patient LN. 

Variable Baseline 12 weeks 
Weight (kg) 103.6 106.1 
Height (cm) 183.0 183.0 
BMI 30.9 31.7 

 

Results 

 

At baseline, LN scored 39.5 in the physical component score and 48.2 in the mental 

component score of the SF-36 questionnaire. By 12 weeks, these scores increased to 

81.1 and 69.3, which is an increase of 105% and 44% respectively (Figure 6.4). In the 

TESS questionnaire he scored 50 at baseline and 65 at 12 weeks, which is an increase 

of 30%. It must be noted that both the SF-36 component scores and the TESS were not 

measured at 6 weeks and both questionnaires have a maximum score of 100 (Figure 

6.4). 

 

In the HiMAT, LN scored 12, 17 and 23 at baseline, 6 weeks and 12 weeks, respectively 

(Figure 6.4). The HiMAT has a maximum total score of 54 and a maximum individual 

test score of 4, with the exception of upstairs and downstairs dependent walking 

where the maximum individual score is 5 (Figure 6.5). His absolute score improved 

from baseline to 6 weeks (5 points) and further improvement of 6 points was seen 

from 6 to 12 weeks.  
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Figure 6.4 Absolute scores of the SF-36 (physical component score [PCS]; mental 
component score [MCS]) and TESS at baseline and 12 weeks; and the HiMAT total 
score at baseline, 6 weeks and 12 weeks for patient LN. 
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Figure 6.5 Absolute scores in the individual tests of the HiMAT at baseline, 6 weeks 
and 12 weeks for patient LN. 
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For individual tests such as walking forwards, walk over an obstacle and bounding on 

affected limb, improvements were seen from baseline to 12 weeks. In all of these 

measures the baseline absolute score was 1 and this increased to an absolute score of 

Max HiMAT score=54 
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2 at 12 weeks (Figure 6.5). Although an increase of 1 absolute score does not seem 

significant, this translates to a 4.6 s decrease in walking time, a 6.2 s decrease in time 

taken to walk over an obstacle and a 38 cm increase in bounding distance on affected 

limb. In tests such as walking backwards, walk on toes, run, skip, bound on less 

affected, upstairs and downstairs independent, LN’s score remained at an absolute 

score of 1 throughout the study.  

 

Significant increases were seen in LN’s upstairs and downstairs dependent walking. At 

baseline, LN was very apprehensive to ambulate stairs and scored 1 on both upstairs 

and downstairs dependent tasks. By 6 weeks he could walk upstairs without the use of 

a rail or aid. To ambulate stairs without the use of an aid, regardless of the time, scores 

a maximum of 5 on the tasks upstairs and downstairs dependent. However, LN was still 

reluctant to walk downstairs without the use of a rail or aid at 6 weeks, scoring a 2 

(Figure 6.5). By 12 weeks he was able to walk downstairs without the use of an aid, 

scoring a 5 on downstairs dependent, and maintained his upstairs ambulation without 

the use of an aid. LN’s upstairs and downstairs independent walking remained stable 

(score=1) throughout the duration of the intervention. In the hop forward (affected) 

test, LN was unable to record a score at any of the testing time points, which may be 

due to his lack of confidence in his quadriceps deficient limb. 

 

At baseline, 6 weeks and 12 weeks, a 6MWTD of 450 m, 500 m and 525 m was 

recorded respectively (Figure 6.6). This is an increase of 17% from baseline to 12 

weeks. LN’s TUG score decreased by 4.5 s from baseline to 12 weeks, with his 12 week 

time ending at 6.7 s. This is a decrease in time of 67% from baseline to 12 weeks.  

 
3RM thigh abduction strength increased 8% from baseline to 12 weeks, which is an 

increase of 5 kg. No changes were seen from baseline to 6 weeks (Table 6.4). 3RM 

thigh adduction strength increased by 18% and 27% from baseline to 6 weeks and 

baseline to 12 weeks, which is an increase of 10 kg and 15 kg respectively. 3RM thigh 

flexion strength improved for both affected and unaffected limbs. Thigh flexion 

strength of the affected limb increased by 5 kg from baseline to 6 weeks, which is an 

improvement of 14%. Thigh flexion strength of the unaffected limb improved by 12% 

from baseline to 6 weeks, which is an increase of 5 kg. No changes were recorded from 
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6 weeks to 12 weeks on both affected limb and unaffected limb thigh flexion strength. 

At 12 weeks, thigh flexion strength of the affected limb was functioning at 89% of the 

unaffected limb.  

 
Figure 6.6 Absolute scores of the 6MWT and TUG at baseline, 6 weeks and 12 weeks 
for patient LN. 
 

 

3RM leg curl strength on the affected side increased by 5 kg and 10 kg, which is an 

increase of 25% and 50% from baseline to 6 weeks and 12 weeks respectively (Table 

6.4). Leg curl strength on the unaffected side increased 17% from baseline to 6 weeks 

which is an increase of 5 kg. No changes were shown from 6 to 12 weeks. At 12 weeks, 

leg curl strength of the affected side was restored to 86% of the unaffected side. 

 

Leg flexion ROM on the affected side was 98° at baseline, increased to 106° at 6 weeks 

and 110° at 12 weeks, which is an improvement of 8% and 12% respectively (Table 

6.4). Leg flexion ROM on the unaffected side was 127° at baseline, increased to 130° at 

6 weeks and 134° at 12 weeks, which is an increase of 2% and 6% respectively. Leg 

extension ROM on the affected side at baseline was 176° (fixed flexion deformity). This 

improved to 182° (slight hyper-extension) by 6 weeks, which is an improvement of 3%. 

No changes were noted from 6 to 12 weeks. Leg extension ROM on the unaffected side 

remained stable at 182° for the 12 week intervention. At 12 weeks, leg flexion and 

extension ROM of the affected side were functioning at 82% and 100% of the 

unaffected side respectively. 
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Table 6.4 Absolute scores of strength and range of motion (ROM) measures for patient 
LN, comparing affected and unaffected limbs at baseline, 6 weeks and 12 weeks. 
(Percentage changes from baseline in brackets). 
 

 Variables Affected Unaffected 
AL vs 

UL (%)* 

 

 
Baseline 

 
6 weeks 

 
12 weeks 

 
Baseline 

 
6 weeks 

 
12 weeks 

  
3RM Thigh  
abduction (kg) 
 

65  
(100) 

 

65  
(100) 

 

70  
(108) 

 
- 
 

- 
 

- 
 

 
- 
 

3RM Thigh  
adduction (kg) 
 

55  
(100) 

 

65  
(118) 

 

70  
(127) 

 
- 
 

- 
 

- 
 

- 
 

3RM Thigh  
flexion (kg) 
 

35  
(100) 

 

40  
(114) 

 

40  
(114) 

 

40  
(100) 

 

45  
(112) 

 

45  
(112) 

 
89 

 
3RM Leg  
curl (kg) 
 

20  
(100) 

 

25  
(125) 

 

30  
(150) 

 

30  
(100) 

 

35  
(117) 

 

35  
(117) 

 
86 

 
Leg flexion  
ROM (deg) 
 

98  
(100) 

 

106  
(108) 

 

110  
(112) 

 

127  
(100) 

 

130  
(102) 

 

134  
(106) 

 
82 

 
Leg extension  
ROM (deg) 
 

176  
(100) 

 

182  
(103) 

 

182  
(103) 

 

182  
(100) 

 

182  
(100) 

 

182  
(100) 

 
100 

 

*The percentage of affected limb (AL) function compared to the unaffected limb (UL) at 
12 weeks. 
 

Discussion 

 

Limb salvage surgery in this case involved the femoral neurovascular bundle and 

removal of the quadriceps musculature which produced a decreased functional 

outcome and an abnormal gait pattern; findings that are supported in the literature 

(Capanna et al., 1991; Markhede et al., 1981).  

 

The results reveal that at baseline LN presented with an overall impairment of 50% 

(severely to moderately impaired) in the TESS. Following the 12 week exercise 

intervention, this impairment improved to 65% (moderately impaired), which is on par 

with some reports in the literature (Davis et al., 2002; Jones et al., 2010), though 

significantly below other studies (Carty et al., 2009; Davis et al., 2000; Malo et al., 

2001; Schreiber et al., 2006). A reason for this significantly lower score may be that LN 
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possessed a large, high grade tumour resulting in substantial motor nerve sacrifice. 

These factors have been shown to predict poorer TESS score in lower limb sarcoma 

patients (Davis et al., 2000). Furthermore, LN’s results for task difficulty measured by 

the TESS (score of 3 or less out of 5) included kneeling, walking up or down hills, 

normal sport activities, rising from kneeling and getting out of a bath are all consistent 

with the literature (Carty et al., 2009; Malo et al., 2001). These are all tasks which 

require the full function of the quadriceps musculature, indicating that it is unlikely 

that LN will ever be able to accomplish these tasks in the future. 

 

Improvements in impairment were also supported by an increase in the PCS and MCS 

of the SF-36. The PCS increased 105% over the 12 week period, while the MCS 

increased 44%. LN’s absolute PCS and MCS scores ended on 81.1 and 69.3 which is 

approximately 37% and 16% above those reported in the literature for lower limb 

sarcoma patients (Davis et al., 2000; Malo et al., 2001), and 63% and 26% above 

reports in the literature for healthy men aged 55-64 years of age, respectively 

(Hopman et al., 2000). A reason for LN scoring above the healthy population norms 

may be his improvement in ADL due to the exercise intervention, which may have 

given him the perception that he is minimally impaired, resulting in a high score for 

both the PCS and MCS. 

 

Thigh abduction, thigh adduction, thigh flexion and leg curl strength for LN’s affected 

limb improved significantly as well as his knee ROM, with all measures increasing to be 

within 80% of the unaffected limb. Thigh flexion and leg curl strength of the affected 

side was only 5 kg lower than the unaffected side, with LN’s muscle strength improving 

14% and 50% from baseline to 12 weeks respectively. LN’s leg flexion of his affected 

limb at 12 weeks was within 8% of the unaffected limb and his leg extension ROM was 

the same as the unaffected limb, leaving him with 110° leg flexion and 182° leg 

extension (slight hyper-extension) on the affected side. Although LN’s leg flexion of his 

affected limb is 24° below his unaffected side, researchers have shown that during 

vigorous ADL people normally use leg flexion of 45° to 105° (Laubenthal et al., 1972; 

Ritter and Campbell, 1987), and that 95° is a clinically meaningful cut off point above 

which, ROM typically does not limit ADL (Miner et al., 2003).  
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These strength improvements facilitated the large improvements in 6MWTD and TUG 

scores, with 6MWTD increasing 75 m and TUG time reducing to 6.7 s. This 

improvement in walk distance is very important, with a 50 m improvement being 

considered as clinically significant (Perera et al., 2006). However, LN is still 145 m 

below the estimated distance for healthy male adults aged 41 to 60 years (Gibbons et 

al., 2001). A reason for LN performing below standard may be that 6MWTD is inversely 

related to age and his age is at the higher end of the above age bracket (Gibbons et al., 

2001). This large increase in distance may be attributed to an increase in hamstring 

and gluteal muscle strength and knee ROM which ultimately improves stride length, 

walking velocity and symmetry in the stance and swing phases of gait. It must be noted 

that, 6MWTD increased from baseline to 6 weeks, and then plateaued to 12 weeks, 

whereas TUG significantly decreased from baseline to 6 weeks and continued to 

decrease from 6 to 12 weeks. This may be due to LN having gained enough strength at 

6 weeks to ambulate at a high velocity, therefore scoring a near maximum 6MWTD at 

12 weeks, whereas TUG involves more agility and coordination, factors which require 

more time to improve. Normative data also suggests that, on average, 95% of 71-75 

year old males would score 13 s on the TUG (Pondal and del Ser, 2008), with a positive 

relationship being established between age and time score (Bohannon, 2006). 

 

In the HiMAT, LN’s total score improved significantly throughout the duration of the 

intervention. Despite LN’s improvements, he still remains 31 points below the 

maximum score (Williams et al., 2009) and has not improved on tests such as walking 

back, walk on toes, run, skip, hop forward (affected), bound (unaffected), upstairs and 

downstairs independent. This may be due to LN’s isometric knee extension strength 

potentially having decreased 76% due to his quadriceps muscle resection (Markhede 

et al., 1981), leaving him with approximately 1% extensor torque compared to his 

unaffected side (Kawai et al., 1998). As a result, it appears unlikely LN will ever be able 

to complete physically demanding tasks such as those listed above. For the stair 

climbing tasks it took 6 weeks for LN to slowly walk upstairs unaided and 12 weeks for 

him to walk downstairs unaided, scoring a maximum of 5 points.  However, LN did not 

improve on the upstairs and downstairs independent tasks, as this was scored based 

on time. This suggests that it only takes 6 weeks to improve on less demanding 

activities such as walking unaided with no time restrictions, however, it takes a further 
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6 weeks of strength and coordination training to improve on more physical demanding 

ADL such as walking stairs unaided under a time restriction. 

 

The combination of muscular strength and ROM gains have allowed for the 

improvement in LN’s performance of ADL and therefore, his QOL. All of these factors 

have permitted LN to progress to ambulating without the use of crutches or a brace, 

with a temporally regular gait pattern. These positive changes are more than likely due 

to the specific nature of LN’s exercise intervention, which concentrated on loading his 

hamstring, gluteal and calf musculature, as it was known that these muscles would 

have to compensate for the loss of quadriceps muscle. Additionally, LN was trained 

how to ambulate without the use of aids in the hydrotherapy pool, which eventually 

translated to ambulation without the use of aids on land. He currently attends to his 

ADL without the use of crutches or a brace. 

 

In summary, patient LN presented with no quadriceps muscle and substantial difficulty 

ambulating without the use of a knee brace and two crutches. Over the course of the 

12 week exercise intervention, his muscle strength, knee ROM and gait efficiency 

improved such that he was able to achieve a functional range of leg flexion and 

extension, and ambulate without the use of crutches or brace with a symmetrical gait 

pattern. This resulted in significant increases in SF-36, TESS, HiMAT, 6MWT and TUG 

scores. 
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CASE 3: TV, FEMALE, 34 YEARS 

 

Introduction 

 

TV underwent LSS for a malignant peripheral nerve sheath tumour located in her 

posterior right thigh, involving the sciatic neurovascular bundle in November 2007. The 

surgery resulted in the removal of the distal half of TV’s sciatic nerve, leaving her with 

no innervation of gastrocnemius, soleus, tibialis anterior and posterior muscles, as well 

as her foot. Innervation of TV’s semimembranosus, semitendinosus and long head of 

the biceps femoris muscles was mostly preserved. 

 

After surgery, TV’s lower extremity was immobilised in a posterior splint for 4 weeks, 

until soft tissue healing was established. During this time TV received in-patient 

physiotherapy consisting of passive extension and flexion exercises of the leg. 

 

TV presented for this study approximately 3 years following her surgery and ambulated 

with the use of an AFO due to her having no function or proprioception in the affected 

foot. She ambulated slowly (baseline 6MWTD of 425 m compared to 695 m in healthy 

adult women aged 20-40 years), with a decreased stride length and an apparently 

reduced propulsive force during toe-off. These factors may be influenced by TV’s 

proprioception impairment, which prevents her from knowing the position of her leg 

and the type of contact with the ground. As a result, she is unsure when it is safe to 

transfer body weight onto her limb. Muscle weakness may also have contributed to 

her slow walking velocity. Previous research has indicated that patients experiencing 

removal of their sciatic nerve demonstrate excessive activity in the quadriceps muscles 

of the involved limb during the stance phase of walking, which may be a compensatory 

action required to stabilise the knee and ankle (Kawai et al., 2002). Additionally, 

inefficient muscle work is likely to increase energy consumption (Kawai et al., 1998), so 

patients with sciatic nerve resection may walk with an unnecessarily high energy 

consumption. 
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Weight, height and BMI for TV, at baseline and 12 weeks, are presented in Table 6.5. 

TV experienced a 1 kg decrease in weight, which may be a result of increased physical 

activity over the 12 week exercise intervention. 

 

Table 6.5 Descriptive statistics at baseline and 12 weeks for patient TV. 

Variable Baseline 12 weeks 
Weight (kg) 68.9 67.9 
Height (cm) 166.5 166.5 
BMI 24.8 24.5 

 

Results 

 

At baseline, TV scored 50.5 in the physical component score and 50.2 in the mental 

component score of the SF-36 questionnaire. By 12 weeks, these scores increased to 

59.4 and 63.2 respectively (Figure 6.7). In the TESS questionnaire she scored 80 at 

baseline and 95 at 12 weeks. It must be noted that both the SF-36 component scores 

and the TESS were not measured at 6 weeks and both questionnaires have a maximum 

score of 100. 

 
Figure 6.7 Absolute scores of the SF-36 (physical component score [PCS]; mental 
component score [MCS]) and TESS at baseline and 12 weeks; and the HiMAT total 
score at baseline, 6 weeks and 12 weeks for patient TV. 
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In the HiMAT, TV scored 19, 20 and 26 at baseline, 6 weeks and 12 weeks, respectively 

(Figure 6.7). The HiMAT has a maximum total score of 54 and a maximum individual 

test score of 4, with the exception of upstairs and downstairs dependent walking 

where the maximum individual score is 5 (Figure 6.8). Her absolute score improved 

marginally from baseline to 6 weeks, however further improvements were seen from 6 

to 12 weeks (6 points).  

 

Figure 6.8 Absolute scores in the individual tests of the HiMAT at baseline, 6 weeks 
and 12 weeks for patient TV. 
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For the majority of HiMAT tests, notable increases were made from baseline to 12 

weeks. These tests included walk over obstacle, bound (affected), upstairs and 

downstairs dependent, upstairs and downstairs independent (Figure 6.8). Walk over an 

obstacle time decreased by 1 s, resulting in an improved rating of 2 by 12 weeks. 

Bounding (affected) increased 20 cm in distance, which improved the rating to 2 by 12 

weeks. TV was reluctant to ambulate stairs without the use of an aid at baseline and 

therefore, scored 4 on each upstairs and downstairs dependent. By 12 weeks, 

however, TV was sufficiently confident to ambulate up and down stairs without the 

use of an aid and scored the maximum of 5 on both upstairs and downstairs 

dependent. To ambulate stairs without the use of an aid, regardless of the time, scores 

a maximum of 5 on the tasks upstairs and downstairs dependent. A score of 5 can only 
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be achieved on dependent upstairs and downstairs, all other tasks have a maximum 

score of 4.  Improvements can also be seen on the tasks upstairs and downstairs 

independent walking from baseline (score=1) to 12 weeks (score=2), where TV 

improved by 2.6 s and 2.5 s, respectively. Walking forwards increased from baseline to 

6 weeks by 0.8 s and then remained at this level by 12 weeks. The remaining tests 

were stable at an absolute score of either 1 or 2 for the duration of the intervention. In 

the test hopping forward (affected), TV was unable to record a score, possibly due to 

her lack of proprioception or feeling in her affected limb and foot.  

 

At baseline, 6 and 12 weeks, 6MWTD scores of 425 m, 500 m and 525 m were 

recorded respectively (Figure 6.9), which represents a 24% increase from baseline to 

12 weeks. TV’s TUG score decreased by 2.6 s from baseline to 12 weeks, with her final 

time ending at 5.4 s.  

 

Figure 6.9 Absolute scores of the 6MWT and TUG at baseline, 6 weeks and 12 weeks 
for patient TV. 
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3RM thigh abduction strength increased by 8% from baseline to 12 weeks, which is an 

increase of 5 kg. No changes were seen from baseline to 6 weeks (Table 6.6). 3RM 

thigh adduction strength increased by 18% from baseline to 6 weeks and 27% from 

baseline to 12 weeks, which is an increase of 10 kg and 15 kg respectively. 3RM thigh 

flexion strength improved for both affected and unaffected limbs. Thigh flexion 

strength of the affected limb increased by 40% and 60% from baseline to 6 weeks and 

baseline to 12 weeks respectively, which is an increase of 10 kg and 15 kg. Thigh 

flexion strength of the unaffected limb improved by 33% from baseline to 6 weeks (10 
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kg), with no further improvements seen from 6 to 12 weeks. Thigh flexion strength of 

the affected limb matched the unaffected limb by the end of the intervention. 

 

Table 6.6 Absolute scores of strength and range of motion (ROM) measures for patient 
TV, comparing affected and unaffected limbs at baseline, 6 weeks and 12 weeks. 
(Percentage changes from baseline in brackets). 
 

*The percentage of affected limb (AL) function compared to the unaffected limb (UL) at 
12 weeks. 
 

TV’s isokinetic leg extension strength on her affected side increased 43% and 98% from 

baseline to 6 weeks and baseline to 12 weeks, which is an increase of 18 Nm and 41 

Nm respectively (Table 6.6). TV’s isokinetic leg flexion strength on her affected side 

increased 43% and 71% from baseline to 6 weeks and baseline to 12 weeks, which is an 

increase of 15 Nm and 25 Nm respectively. On the unaffected side, isokinetic leg 

extension strength increased 40% from baseline to 6 weeks and 134% from baseline to 

12 weeks, which is an increase of 14 Nm and 47 Nm. TV’s isokinetic leg flexion strength 

on her unaffected side increased by 41% from baseline to 6 weeks and 65% from 

Variables Affected Unaffected 
AL vs 

UL (%)* 

 

 
Baseline 

 
6 weeks 

 
12 weeks 

 
Baseline 

 
6 weeks 

 
12 weeks 

  
3RM Thigh 
abduction (kg) 
 

65 
(100) 

 

65 
(100) 

 

70 
(108) 

 
- 
 

- 
 

- 
 

- 
 

3RM Thigh 
adduction (kg) 
 

55 
(100) 

 

65 
(118) 

 

70 
(127) 

 
- 
 

- 
 

- 
 

- 
 

3RM Thigh 
flexion (kg) 
 

25 
(100) 

 

35 
(140) 

 

40 
(160) 

 

30 
(100) 

 

40 
(133) 

 

40 
(133) 

 
100 

 
Isokinetic leg 
extension (Nm) 
 

42  
(100) 

 

60  
(143) 

 

83  
(198) 

 

35  
(100) 

 

49  
(140) 

 

82  
(234) 

 
101 

 
Isokinetic leg 
flexion (Nm) 
 

35  
(100) 

 

50  
(143) 

 

60  
(171) 

 

51  
(100) 

 

72  
(141) 

 

84  
(165) 

 
71 

 
Leg flexion 
ROM (deg) 
 

129  
(100) 

 

131  
(102) 

 

135  
(105) 

 

130  
(100) 

 

135  
(104) 

 

138  
(106) 

 
98 

 
Leg extension 
ROM (deg) 
 

176 
(100) 

 

180 
(102) 

 

180 
(102) 

 

182  
(100) 

 

182  
(100) 

 

182  
(100) 

 
99 
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baseline to 12 weeks, which is an increase of 21 Nm and 33 Nm. All of TV’s isokinetic 

measures on her affected side except for isokinetic leg flexion are now within 80% of 

her unaffected side. 

 

Leg flexion ROM on the affected side was 129° at baseline, increased to 131° at 6 

weeks and 135° at 12 weeks, which is an improvement of 2% and 5% respectively. Leg 

flexion ROM on the unaffected side was 130° at baseline, increased to 135° at 6 weeks 

and 138° at 12 weeks, which is an improvement of 4% and 6% respectively. Leg 

extension ROM on the affected side at baseline was 176° (fixed flexion deformity). This 

improved to 180° (full extension) by 6 weeks and remained stable to 12 weeks. Leg 

extension ROM on the unaffected side remained stable at 182° for the 12 week 

intervention. TV’s leg flexion and leg extension ROM of her affected limb now function 

at 98% and 99% compared to her unaffected side (Table 6.6). 

 

Discussion 

 

Limb salvage surgery in this case involved resection of the sciatic neurovascular bundle 

which produced an abnormal gait pattern and therefore, a reduced participation in 

ADL; findings that are supported in the literature (Capanna et al., 1991; Markhede et 

al., 1981).  

 

TV presented with an overall impairment of 80% (slightly impaired) in the TESS. 

Following the exercise intervention, this impairment score improved to 95% (little to 

no impairment), which is 10-20% above previous reports in the literature (Carty et al., 

2009; Clarkson et al., 2005; Davis et al., 2000, 2002; Fuchs et al., 2001; Jones et al., 

2010; Malo et al., 2001; Schreiber et al., 2006). Furthermore, the results for TV’s task 

difficulty (such as rising from kneeling, kneeling, getting out of the bath and gardening) 

were also above data reported in the literature (Fuchs et al., 2001; Malo et al., 2001). 

One reason for TV’s positive results may be that people with lower anatomic nerve 

resections appear to yield better functional outcomes as they have the use of 

hamstring musculature, compared to people with higher level nerve resections (Bickels 

et al., 2002). These improvements were supported by an increase in the PCS and MCS 

of the SF-36. The PCS increased 18% over the 12 week period, while the MCS increased 
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26%. Both of TV’s scores were above those reported in the literature for lower limb 

sarcoma patients (Davis et al., 2000; Malo et al., 2001) and were 13% and 30% above 

reports for healthy women aged 25-34 years of age (Hopman et al., 2000).  

 

Strength improvements were seen in thigh abduction, thigh adduction, thigh flexion 

and isokinetic leg flexion/extension for TV’s affected limb, with significant increases 

seen from baseline to 6 weeks and then a slight plateau seen from 6 to 12 weeks. This 

is consistent with reports in the literature that demonstrated a significant increase in 

muscle cross sectional area had occurred after 6 weeks of resistance training, 

specifically in the quadriceps musculature (Abe et al., 2000; Staron et al., 1994). All 

measures (except for isokinetic leg flexion) increased to be within 80% of the 

unaffected limb. Thigh flexion strength of the affected limb was equal to the 

unaffected limb at the end of the intervention, with the affected side increasing 60% 

from baseline to 12 weeks. However, isokinetic leg flexion strength in the affected limb 

still remained 30% weaker than the unaffected limb which may be due, in part, to the 

concomitant improvement in TV’s unaffected limb over the 12 week intervention. TV’s 

leg flexion and extension ROM of the affected limb at 12 weeks ended within 2% and 

1% of the unaffected limb respectively, leaving her with 135° leg flexion and 180° leg 

extension (full-extension) on her affected side. These are ranges well above what is 

required to perform ADL without difficulty. 

 

These strength and ROM gains facilitated the large improvements in 6MWTD and TUG 

scores, with 6MWTD increasing 100 m and TUG time ending on 5.4 s. This increase in 

distance is very important, with a 50 m improvement being clinically significant (Perera 

et al., 2006). The 100 m improvement has put TV approximately 170 m below the 

estimated distance for healthy female adults aged 20 to 40 years (Gibbons et al., 

2001). One reason for TV performing below healthy standards may be that 6MWTD is 

inversely related to age and her age is at the higher end of the above age bracket 

(Gibbons et al., 2001). This large increase in distance may be attributed to gains in 

quadriceps, hamstring and gluteal muscle strength and knee ROM which ultimately 

improves stride length, walking velocity and symmetry in the stance and swing phases. 

6MWTD improved significantly from baseline to 6 weeks and then plateaued from 6 to 

12 weeks. In contrast, TUG time continued to decrease throughout the intervention. 
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This may be due to the TUG test requiring skills such as coordination, agility and 

balance, all factors which take more than 6 weeks to improve. The 6MWT, however, 

requires cardiovascular fitness and muscle strength, factors which can be improved in 

6 weeks of exercise rehabilitation. Normative data also suggests that on average, 95% 

of 71-75 year old females would score 15 s on the TUG (Pondal and del Ser, 2008), with 

a positive relationship being established between age and time score (Bohannon, 

2006). 

 

Although TV’s absolute HiMAT score improved significantly, she still remained 28 

points below the maximum score (Williams et al., 2009) and had not improved on tests 

such as walking back, walk on toes, run, skip, hop forward (affected) and bound 

(unaffected). In the test hop forward (affected) TV was unable to record a score at any 

of the testing time points. This may be due to TV’s limited proprioception and loss of 

motor function in the flexors of her leg and thigh (affected side), making it very 

difficult to improve on physically demanding activities. For the stair climbing tasks it 

took 12 weeks for TV to slowly ambulate stairs without the use of a rail, scoring a 

maximum of 5 (upstairs and downstairs dependent, which only requires the 

completion of the task, time is not a factor). It also took TV 12 weeks to improve on 

upstairs and downstairs independent tasks, however, she did not reach the maximum 

score on these tasks. This task was scored based on time, making it a higher 

demanding task. It appears that it only takes 6 weeks to improve the less demanding 

activities such as walking unaided with no time restrictions. However, it seems to 

require additional time to improve on more physical demanding ADL such as walking 

stairs unaided under a time restriction, which needs more coordination, agility and 

strength. 

 

In summary, patient TV presented with no sciatic nerve distal to her hamstring 

muscles, and an inability to control motion of her foot. Over the course of the 12 week 

exercise intervention her muscle strength, knee ROM and gait efficiency improved 

such that he was able to achieve normal leg flexion and extension, and ambulate with 

a more symmetrical gait pattern. This resulted in significant increases in SF-36, TESS, 

HiMAT, 6MWT and TUG scores. 
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CASE 4: RB, FEMALE, 20 YEARS 

 

Introduction 

 

RB underwent LSS in conjunction with neo-adjuvant and adjuvant chemotherapy for a 

high grade osteosarcoma in her right distal femur in October 2010. The sarcoma 

extended over a longitudinal length of 8 cm and occupied extensive soft tissue which 

resulted in the removal of RB’s vastus medialis, vastus intermedius, vastus lateralis, 

semimembranosus and semitendinosus muscles. RB’s rectus femoris was all that 

remained of her quadriceps musculature. 

 

A hinged knee arthroplasty was implanted from the distal third of her femur to the 

proximal third of the tibia to provide mechanical joint stability, whilst minimising wear 

by dispersing compressive stresses across the articular surface. A medial 

gastrocnemius flap was performed, as well as RB’s lateral gastrocnemius being 

released from the lateral condyle of the femur. Additionally, RB had her extensor 

mechanism reconstructed which involved the rectus femoris muscle being sewn into 

the gastrocnemius, leaving her with an intact extensor mechanism and a stable knee 

joint. This allowed RB to raise her leg, however, she was left with a 15-20° quadriceps 

lag. 

 

RB’s lower limb was immobilised in extension for 12 weeks post surgery. During this 

time RB received in-patient physiotherapy twice per week. 

 

RB presented for this study 12 weeks following her surgery with the removal of three 

quarters of the quadriceps and two thirds of the hamstring musculature whilst 

undergoing adjuvant chemotherapy. RB ambulated with the use of two crutches and a 

hinged brace (permanently locked in knee extension), however, she had the ability to 

ambulate with the brace only. RB walked slowly compared to healthy adult woman 

(baseline 6MWTD of 225 m compared to 695 m), with minimal stride length and 

frequency. RB possessed an asymmetrical gait pattern and had an abnormal flexion-

extension pattern at the hip, mainly because her knee brace did not allow leg flexion. 

Ambulation of more than 200 m resulted in RB becoming breathless, with reports in 
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the literature indicating an increased energy cost of walking in people with inefficient 

muscle activity (Kawai et al., 1998).  

 

She had few other health problems and was not on any medication at the time. 

Weight, height and BMI for RB, at baseline and 12 weeks, are presented in Table 6.7. 

RB experienced a 0.9 kg increase in weight, which may be a result of increased muscle 

mass over the 12 week exercise intervention. 

 

Table 6.7 Descriptive statistics at baseline and 12 weeks for patient RB. 

Variable Baseline 12 weeks 
Weight (kg) 51.3 52.2 
Height (cm) 162.0 162.0 
BMI 19.5 20.0 

 

Results 

 

At baseline, RB scored 27.6 in the physical component score and 61.5 in the mental 

component score of the SF-36 questionnaire. By 12 weeks, these scores increased to 

47.3 and 67.4 respectively (Figure 6.10). In the TESS questionnaire she scored 62 at 

baseline and 76 at 12 weeks. It must be noted that both the SF-36 component scores 

and the TESS were not measured at 6 weeks and both questionnaires have a maximum 

score of 100. 

 

In the HiMAT, RB scored 2, 10 and 17 at baseline, 6 weeks and 12 weeks, respectively 

(Figure 6.10). The HiMAT has a maximum total score of 54 and a maximum individual 

test score of 4, with the exception of upstairs and downstairs dependent walking 

where the maximum individual score is 5 (Figure 6.11). RB’s absolute score improved 

considerably from baseline to 6 weeks (8 points) and a further improvement of 7 

points was seen from 6 to 12 weeks.  
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Figure 6.10 Absolute scores of the SF-36 (physical component score [PCS]; mental 
component score [MCS]) and TESS at baseline and 12 weeks; and the HiMAT total 
score at baseline, 6 weeks and 12 weeks for patient RB. 
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For the majority of HiMAT tests, RB was unable to record a score for the duration of 

the intervention (Figure 6.11). However, notable increases were made from baseline to 

12 weeks for the tests walk forwards, walk backward, walk over obstacle, upstairs 

dependent and independent, and downstairs dependent and independent. Walk 

forwards and backwards time decreased by 5.4 s and 7 s, resulting in an improved 

rating of 2 by 12 weeks respectively. RB was initially unable to complete tests walk 

over obstacle and stair climbing at baseline. RB decreased her walk over obstacle time 

by 0.5 s from 6 to 12 weeks and managed to record an absolute score of 1.  RB was 

reluctant to ambulate stairs unaided at 6 weeks, scoring an absolute score of 2 for 

upstairs and downstairs dependent. By 12 weeks, RB was sufficiently confident to 

ambulate stairs unaided scoring a maximum of 5. To ambulate stairs without the use of 

an aid, regardless of the time, scores a maximum of 5 on the tasks upstairs and 

downstairs dependent. A score of 5 can only be achieved on dependent upstairs and 

downstairs, all other tasks have a maximum score of 4. RB remained on an absolute 

score of 1 for both upstairs and downstairs independent for the duration of the 

intervention, however decreased her time by 3 s and 2 s from 6 to 12 weeks 

respectively. 

 

Max HiMAT 
score=54 
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Figure 6.11 Absolute scores in the individual tests of the HiMAT at baseline, 6 weeks 
and 12 weeks for patient RB. 
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At baseline, 6 and 12 weeks, 6MWTD scores of 225 m, 350 m and 375 m were 

recorded respectively (Figure 6.12), which is a 67% increase from baseline to 12 weeks. 

RB’s TUG score decreased by 4 s from baseline to 12 weeks, with her final time ending 

at 7.9 s.  

 

Figure 6.12 Absolute scores of the 6MWT and TUG at baseline, 6 weeks and 12 weeks 
for patient RB. 
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3RM thigh abduction strength increased by 75% and 125% from baseline to 6 weeks 

and baseline to 12 weeks, which is an increase of 15 kg and 25 kg respectively (Table 
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6.8). 3RM thigh adduction strength increased by 40% and 80% from baseline to 6 

weeks and baseline to 12 weeks, which is an increase of 10 kg and 20 kg respectively. 

3RM thigh flexion strength improved for both affected and unaffected limbs. Thigh 

flexion strength of the affected limb increased by 15 kg and 20 kg from baseline to 6 

weeks and baseline to 12 weeks respectively. Thigh flexion strength of the unaffected 

limb improved by 100% and 150% from baseline to 6 weeks and baseline to 12 weeks 

respectively, which is an increase of 10 kg and 15 kg. At 12 weeks, thigh flexion 

strength of the affected limb was functioning at 80% of the unaffected limb. 

 

Table 6.8 Absolute scores of strength and range of motion (ROM) measures for patient 
RB, comparing affected and unaffected limbs at baseline, 6 weeks and 12 weeks. 
(Percentage changes from baseline in brackets). 
 

*The percentage of affected limb (AL) function compared to the unaffected limb (UL) at 
12 weeks. 
† Percentage change not able to be calculated given the baseline score of zero. 
 

3RM leg curl strength on the affected limb improved by 5 kg from baseline to 6 weeks, 

with no further improvements seen from 6 to 12 weeks (Table 6.8). Leg curl strength of 

the unaffected limb remained stable at 10 kg throughout the duration of the 

Variables Affected Unaffected 
AL vs 

UL (%)* 

 

 
Baseline 

 
6 weeks 

 
12 weeks 

 
Baseline 

 
6 weeks 

 
12 weeks 

  
3RM Thigh  
abduction (kg) 
 

20  
(100) 

 

35  
(175) 

 

45  
(225) 

 
- 
 

- 
 

- 
 

- 
 

3RM Thigh  
adduction (kg) 
 

25  
(100) 

 

35  
(140) 

 

45  
(180) 

 
- 
 

- 
 

- 
 

- 
 

3RM Thigh  
flexion (kg) 
 

0  
(100) 

 

15 
† 
 

20 
† 
 

10  
(100) 

 

20  
(200) 

 

25  
(250) 

 

 
80 

 
3RM Leg  
curl (kg) 
 

0  
(100) 

 

5 
† 
 

5 
† 
 

10  
(100) 

 

10  
(100) 

 

10  
(100) 

 
50 

 
Leg flexion  
ROM (deg) 
 

38  
(100) 

 

54  
(142) 

 

88  
(232) 

 

135  
(100) 

 

142  
(105) 

 

145  
(107) 

 
61 

 
Leg extension  
ROM (deg) 
 

180  
(100) 

 

182 
(101) 

 

182  
(101) 

 

180  
(100) 

 

180  
(100) 

 

180  
(100) 

 
101 
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intervention. At 12 weeks, leg curl strength of the affected side was functioning at 50% 

of the unaffected side. 

 

Leg flexion ROM on the affected side was 38° at baseline, increased to 54° at 6 weeks 

and 88° at 12 weeks, which is an improvement of 42% and 132% respectively (Table 

6.8). Leg flexion ROM on the unaffected side was 135° at baseline, increased to 142° at 

6 weeks and 145° at 12 weeks, which is an improvement of 5% and 7% respectively. 

Leg extension ROM on the affected side at baseline was 180° (full extension). This 

improved to 182° (slight hyper-extension) by 6 weeks, and remained that way for the 

duration of the intervention. Leg extension ROM on the unaffected side remained 

stable at 180° for the 12 week intervention. At 12 weeks, leg flexion and extension 

ROM of the affected side was functioning at 61% and 101% of the unaffected side 

respectively.  

 

Discussion 

 

Limb salvage surgery in this case involved the removal of the knee joint and portions of 

the tibia and femur for treatment of an osteosarcoma which resulted in a wide range 

of soft tissue and functional loss, which is reflected in her baseline scores. 

 

RB presented with an overall impairment of 62% (moderately impaired) in the TESS. 

Following the exercise intervention, this impairment score improved to 76% (slightly 

impaired), which is 2-15% above previous reports in the literature (Davis et al., 2002; 

Fuchs et al., 2001; Jones et al., 2010), though slightly below other studies (Carty et al., 

2009; Clarkson et al., 2005; Davis et al., 2000; Malo et al., 2001; Schreiber et al., 2006). 

One reason for this lower score may be that RB possessed a large, high grade tumour 

which are factors shown to predict a poorer TESS score in lower limb sarcoma patients 

(Davis et al., 2000). RB’s results for task difficulty did not include activities such as 

getting out of the bath, heavy household chores or gardening (score of 4 or 5), as 

previously reported in the literature (Carty et al., 2009, Malo et al., 2001). At the end 

of the intervention, activities RB reported most frequently as being difficult (score of 3 

or less out of 5) included rising from kneeling, kneeling, participating in normal 

sporting activities, walking upstairs and walking up or down hills, which were 
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consistent with literature reports (Carty et al., 2009, Malo et al., 2001). Due to the 

extent of RB’s resections (rectus femoris only remains in quadriceps muscle) and her 

implanted knee prosthesis, it appears doubtful she will ever be able to complete any of 

these high demand activities listed above.  

 

Improvements in impairment were also supported by an increase in the PCS and MCS 

of the SF-36. RB’s absolute PCS and MCS scores ended on 47.3 and 67.4 which is above 

those reported in the literature for lower limb sarcoma patients (Davis et al., 2000; 

Malo et al., 2001). However, RB’s PCS was 12% below healthy young woman aged 20-

24 years (Hopman et al., 2009), but 41% above the MCS. RB’s low PCS score compared 

to the physical standard of the healthy population was not surprising due to her 

extensive resections, and her higher MCS may be due to an increase in QOL since some 

of her ADL have improved.   

 

Significant strength improvements were seen in thigh abduction, thigh adduction, 

thigh flexion and leg curl for RB’s affected limb, with all measures (except for leg curl) 

increasing to be within 80% of the unaffected limb. Thigh flexion strength of the 

affected limb was functioning at 80% of the unaffected limb at 12 weeks, which is only 

5 kg lower than the unaffected limb. However, leg curl strength in the affected limb 

still remained 50% weaker than the unaffected limb, which may be due to RB having 

semimembranosus and semitendinosus muscles resected in her affected limb, making 

leg flexion strength improvements very difficult.  

 

At 12 weeks, RB’s leg flexion and extension ROM of the affected limb was functioning 

at 61% and 101% of the unaffected limb respectively, leaving her with 88° leg flexion 

and 182° leg extension (slight hyper-extension) on her affected side. Although RB’s leg 

flexion of the affected limb has improved 132% over the duration of the intervention, 

she still remains approximately 10° below the clinically meaningful point which allows 

participation in normal ADL (Miner et al., 2003), and 57° below that of her unaffected 

side. However, researchers have shown that people normally use knee flexion of 45° to 

105° during vigorous ADL (Laubenthal et al., 1972; Ritter and Campbell, 1987). 
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These strength improvements facilitated the large increase in 6MWTD and TUG scores, 

with 6MWTD increasing 150 m and TUG time ending on 7.9 s. This improvement in 

walk distance is quite profound, with a 50 m improvement being clinically significant 

(Perera et al., 2006). The 150 m improvement has put RB approximately 325 m ± 37 m 

below the estimated distance in healthy female adults aged 20 - 40 years (Gibbons et 

al., 2001). One reason for RB performing below healthy standards may be that the 

removal of her three quadriceps (all except rectus femoris) and two hamstring 

(semitendinosus and semimembranosus) muscles has been shown to decrease 

isometric strength by 55% and 28% respectively, which may lead to a poor functional 

outcome (Markhede and Stener, 1981). Additionally, it has been reported that greater 

knee ROM correlates with faster performances during functional tests such as 6MWT 

and TUG (Marchese et al., 2006). This large improvement in distance may be attributed 

to an increase in quadriceps, hamstring and gluteal muscle strength and knee ROM, 

which ultimately improves stride length and walking velocity. A study by Marchese and 

colleagues (2006) of 68 lower limb sarcoma patients aged 10 -26 years suggested that, 

on average, participants would score 6.4 s ± 1.8 s on the TUG, leaving RB very close to 

other sarcoma survivors. 

 

Although RB’s absolute HiMAT score improved significantly, she still remained 37 

points below the maximum score (Williams et al., 2009) and was unable to record a 

score for tests such as walk on toes, run, skip, hop forward (affected), bound (affected) 

and bound (less affected). This may be due to RB’s extensive muscle resections which 

left her with a significant decrease in muscle strength and her limited knee ROM, since 

all of these tests were performed wearing a knee extension brace. This brace disrupts 

the normal gait pattern and causes a decreased stride velocity, making it very difficult 

to improve on physically demanding activities. For stair climbing tasks, RB was able to 

achieve the maximum score for dependent upstairs and downstairs by 12 weeks. 

However, she did not improve on the independent stair climbing tasks (as this was 

scored based on time). This may be due to independent stair climbing being more 

physically demanding and requiring skills which take longer than 12 weeks to develop. 

 

In summary, patient RB presented with a substantial amount of quadriceps and 

hamstring musculature resected, which left her ambulating with the use of two 
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crutches and a knee extension brace, allowing limited physical function. Over the 

course of the 12 week exercise intervention, her muscle strength, knee ROM and gait 

efficiency improved such that he was able to achieve a reasonable range of leg flexion 

and extension, and decrease her dependence on walking aids. This resulted in 

significant increases in SF-36, TESS, HiMAT, 6MWT and TUG scores. 
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CHAPTER 7 

SUMMARY AND CONCLUSION 

 

The aim of this thesis was to evaluate the effectiveness of a 12 week, fully supervised 

exercise rehabilitation programme focusing on enhancing muscle strength, mobility 

and functional movement, in patients with major muscular loss or denervation 

following resection of a sarcoma, as well as to evaluate the effectiveness of this 

rehabilitation programme on improving ADL and psychological well being in terms of 

QOL in this patient group. Additionally, we aimed to restore function of the affected 

limb to within 80% of either the unaffected limb score or an age-matched population 

from published normative data. This is the first study to investigate the effects of a 

supervised exercise rehabilitation intervention in this cohort, and will be the first to 

provide an evidence base for Exercise Physiology interventions by showing the 

tolerability and efficacy of these exercises. 

 

Nine participants (five female, four male) with damage to their sciatic or femoral 

nerve, or respective areas of muscle innervation following LSS, participated in the 

study. Participants attended the clinic three times per week for 12 weeks of supervised 

exercise rehabilitation which comprised of aerobic, resistance and hydrotherapy 

training. Primary outcome measures consisted of the TESS and the SF-36 health status 

questionnaire, which were measured at baseline and 12 weeks. Secondary outcome 

measures comprised muscular strength scores using a isokinetic dynamometer where 

possible or a 3RM protocol for isotonic strength; ankle, knee and hip joint ROM; 

6MWT; TUG; and the HiMAT, which were measured twice at baseline, 6 and 12 weeks 

during the intervention. It must be noted a double baseline assessment was 

administered to ensure participants entering the study were physically and 

psychologically stable.  

 

Though nine subjects were enrolled in the study, only eight completed the 

rehabilitation program through to week 12. One subject did not complete the final test 

session due to a medical condition which prevented him travelling from home. This 

subject’s data were omitted from statistical analysis. The unique contribution to the 

literature from this study is summarised below. 
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It was hypothesised that the 12 week, supervised exercise rehabilitation programme 

would increase muscle strength, muscle mobility and functional movement in patients 

with major muscular loss or denervation following sarcoma resection, and that this 

improvement would be associated with an increase in QOL and ADL measures. 

 

Mean ROM about the leg and thigh of the affected side showed clinical improvements 

from baseline to 12 weeks; however, statistically this was not significant due to the 

small and heterogeneous sample. On average, leg and thigh flexion ROM at baseline 

was already in the required range to perform ADL, hence it was not surprising only a 

small increase occurred. Although many of these ROM measures showed no statistical 

significance (except thigh extension ROM), clinical benefits were observed, especially 

in those who initially presented with poor ROM. By 12 weeks, these individuals’ ROM 

was returned to a more functioning range. 

 

As anticipated, at 12 weeks, no statistically significant differences were noted between 

the affected and unaffected side for leg flexion, leg extension, thigh flexion or thigh 

extension mean ROM scores, with the affected side operating within 80% of the 

unaffected side for all of these measures. When looking at individuals in the study 

group, only three participants had one or more parameters of the affected limb that 

were not returned to ≥80% of the unaffected limb. Despite this, their functional 

outcomes were still improved. Therefore, these clinical, but not statistical significant 

changes demonstrate that the exercise intervention was successful in restoring ROM 

to a functional level in this cohort. 

 

Although this patient group had extensive muscle resections and major soft tissue 

reconstructions, they were still able to participate in resistance training at a sufficient 

intensity to generate improvements in strength. Thigh abduction, thigh adduction and 

thigh flexion strength all showed statistically significant changes over the 12 week 

programme, with these improvements continuing from 6 to 12 weeks for thigh 

abduction and adduction. This continued change in strength appears greater than the 

floor effects seen in this very deconditioned population. Additionally, by 12 weeks, 

participants’ affected limb were operating at 96% of their unaffected limb for 3RM 
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thigh flexion strength. This 4% difference between affected and unaffected limb 

strength is well below reported data in the literature, with bilateral deficits ranging 

from 13-25% in the lower limb for healthy individuals (Cresswell and Ovendal, 2002; 

Kawakami et al., 1998; Van Dieen et al., 2003), indicating with appropriate exercise 

these deficits can be overcome. However, only three participants were able to return 

their affected limb strength to 80% of their unaffected limb for leg flexion strength. 

This may be due to the extensive reconstruction to patient’s flexor mechanisms, 

making it difficult to improve strength beyond a certain level. 

 

These strength improvements translated into large functional increases with 6MWTD 

and TUG time producing statistically significant differences over time. 6MWTD 

improvements were considered clinically significant (Perera et al., 2006), however on 

average the patient group is still 180 m below the estimated distance for healthy 

adults aged 35 years (Gibbons et al., 2001). TUG time for the group was above other 

reports in the literature for sarcoma survivors (Marchese et al., 2006). This also 

highlights that our intervention afforded patients a better functional outcome 

compared to other interventions reported in the literature. 

 

It must be noted that 6MWTD was significantly improved from baseline to 6 weeks and 

6 to 12 weeks, whereas improvement in TUG time was only significant from baseline to 

6 weeks, with no significant change reported from 6 to 12 weeks. This plateau in TUG 

time implies that one only requires 6 weeks of exercise training to achieve most 

positive gains on the parameter, compared to 12 weeks to improve on 6MWTD. On 

closer analysis, our case studies reveal the opposite with 6MWTD plateauing from 6 

weeks and TUG time continuing to improve for those selected individuals, highlighting 

large variabilities in this population in terms of both surgical intervention and 

outcome. 

 

Although the mean HiMAT score demonstrated statistically significant changes over 

time, the group still remained 50% below the maximum score for healthy adults at 12 

weeks (Williams et al., 2009). This patient group is generally unable to complete tasks 

such as running, skipping or hop forward (affected limb). On a more positive note, the 

majority of patients were able to improve on activities such as walking forwards, 
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walking backwards, walk on toes, walk over obstacle and dependent stair climbing by 6 

weeks. More demanding activities such as bounding on affected and unaffected limbs 

and independent stair climbing required the full 12 weeks to improve, which was also 

demonstrated from each of the case studies. This suggests it takes at least 12 weeks of 

resistance training to build sufficient muscle strength, muscle endurance and 

confidence to improve on more physically demanding ADL such as bounding. As the 

mean ROM for he sample was within normal limits at baseline, improvement in 

functional tasks was likely due to the progressive increase of muscular strength. This 

increase in strength led to participation in more functional tasks during the 

intervention such as gait training. Overall, this exercise intervention appears effective 

in improving LSS patients’ ability to perform many common ADL, but it must be noted 

that 12 weeks of progressive resistance training is required to produce changes in ADL 

that have a high physical demand. 

  

Mean impairment outcome for the patient group was measured by the TESS. From 

baseline to 12 weeks, not only was this measure statistically significant, but also 6-16% 

above data previously reported in the literature (Carty et al., 2009; Clarkson et al., 

2005; Davis et al., 2000, 2002; Fuchs et al., 2001; Jones et al., 2010; Malo et al., 2001; 

Schreiber et al., 2006). These improvements in TESS were supported by statistically 

significant increases in PCS and MCS of the SF-36 from baseline to 12 weeks. These 

scores are approximately 15-20% above literature reports for lower limb sarcoma 

patients who were 1 year post LSS (Davis et al., 2000; Malo et al., 2001), and 4% and 

23% above the PCS and MCS for healthy adults aged 35-44 years (Hopman et al., 

2000), indicating a successful outcome of the study. 

 

Reasons for the higher TESS and SF-36 scores in this study compared to other reports 

in lower limb sarcoma patients could be that this is the first time the cohort has 

undertaken a structured exercise programme. The prescribed exercises were 

achievable, the intervention stage goals were realistic and scientific explanations were 

provided for all individual exercises throughout the intervention. These are all factors 

that promote exercise adherence and a positive outcome (Burton et al., 1999; Conn, 

1998; Rejeski et al., 2000; Resnick et al., 2001). 
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In summary, this study provides the first evidence of the safety, tolerability and 

effectiveness of exercise rehabilitation in STS patients. Our analyses suggest that a 12 

week supervised rehabilitation intervention of progressive resistance and aerobic 

training, is required for muscle strength and joint ROM improvements. These 

improvements have facilitated an increase in gait efficiency, and ability to perform ADL 

that they were previously unable to do. These achievements have subsequently 

promoted feelings of confidence and self-belief, which has ultimately resulted in 

significant increases in SF-36 and TESS. LSS patients clearly tolerated the exercise 

intervention with the majority of the patients being able to restore function of their 

affected limb to 80% of their unaffected limb in most parameters. Therefore we 

recommend therapists seek to restore ROM and facilitate improved recruitment and 

strengthening of the surrounding lower limb musculature in order to enhance 

functional recovery for LSS patients. 

 

CONCLUSIONS 

 

On the basis of these findings and within the limitations of this research it was 

concluded that: 

• Improvements in ROM, strength and functional tests such as the 6MWT, TUG 

and HiMAT can be seen from 6 weeks of an exercise rehabilitation intervention, 

with further improvements to 12 weeks; 

• Improvements in self-administered questionnaires such as SF-36 and TESS can 

be achieved from exercise rehabilitation; 

• After 12 weeks of rehabilitation it is possible to restore function of the affected 

limb to 80% of the unaffected limb in ROM and strength measures in most 

instances; 

• Although significant improvements were made to 6 weeks, 12 weeks of 

rehabilitation is required to improve on high demand ADL such as stair 

climbing; and 

• Improvements can be made in participants during cancer-related treatments, 

as well as up to 3 years post LSS. 
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FUTURE RESEARCH 

 

Exercise rehabilitation should be considered in the management of sarcoma survivors 

post LSS. However, additional research is required into the recommendations 

regarding optimal mode, duration, frequency and timing of exercise interventions 

(Courneya and Friedenreich, 1999). In this study a combined aerobic and resistance 

intervention may be optimal, but research is needed to confirm this assumption.  
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PARTICIPANT INFORMATION SHEET 
 
 

Improving lower limb function in patients with major muscular loss or 
denervation following resection of a sarcoma 

 
 
Purpose of the study 
Currently, little data exists on the management of patients with damage to the areas supplied 
by the sciatic and femoral nerves following sarcoma resection. The importance of the major 
peripheral nerves to limb and life functioning seems obvious; and consistent with this 
understanding are the results of studies which identify resection of major motor nerves as 
one of the determinants of a poor functional outcome. The exact functional implications of 
nerve resection are likely to be quite specific, with femoral  nerve sacrifice possibly leaving 
patients prone to falls and fractures; whilst sciatic nerve sacrifice may cause deficits in 
patients’ walking and standing abilities. 
 
This study seeks to determine the physical and psychological benefits of a 12 week, fully 
supervised, exercise rehabilitation intervention in patients with disruption to the areas 
supplied by either femoral or sciatic nerves following sarcoma resection, one year post 
surgery. 
 
Rehabilitation intervention 
This study consists of a 12 week, fully supervised, rehabilitation program which aims to 
restore function of the affected limb. If you agree to participate in this study, you will be 
required to attend the Hollywood Functional Rehabilitation Clinic (HFRC), at the rear of 
Hollywood Private Hospital, three times per week for a 90 minute rehabilitation session. 
The program has four stages, each with a specific aim, which will be achieved through a 
combined resistance and hydrotherapy program.  
 
The aims are as follows:  
Stage 1 (wk 1-2): Restoration of hip, knee and ankle range of motion; lower limb muscle 

re-activation and recruitment; and introduction to cardiovascular 
exercise. 

Stage 2 (wk 3-5):  Lower limb muscle strength; introduction to core stability; and 
development of a base level of cardiovascular fitness. 

Stage 3 (wk 6-8):  Development of lower limb muscle strength and simulation of 
functional tasks. 

Stage 4 (wk 9-12):  Restoration and improvement of physical function during all activities 
of daily living. 

 
Measures will be taken twice prior to the intervention, and at 12 weeks, through various 
questionnaires and objective tasks including walk tests, joint range of motion 
measurements, sit to stand tests, and muscle strength tests.   
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Exercise sessions 
We will provide you with directions and a map to help you get to HFRC, in Nedlands. We 
will ask you to wear or bring shorts, comfortable walking shoes, and bathers and a towel 
appropriate for the hydrotherapy pool. 
 
Stage 1 
Stage 1 will consist of active and passive range of motion exercises aimed at restoring any 
lost joint movement; an assisted muscle activation machine; isometric contractions to regain 
muscle tone; introduction to stationary recumbent cycling; and hydrotherapy. 
 
Assisted muscle activation involves small pads being placed on the skin over the belly of 
the muscle. This technique aims to activate the nerves supplying these muscles, thereby re-
activating the weakened muscle. 
 
Hydrotherapy will include walking and gait re-training; stretches of the major lower limb 
muscles; and basic muscle strengthening exercises using water resistance and floatation 
resistance. This provides a warm and safe exercising environment. 
 
Stage 2 
Weeks 3 to 5 will consist of upper body conditioning; non-weight bearing resistance 
activities either using resistance machines or limb-weight against gravity; basic core 
stability activities; and advanced hydrotherapy. 
 
Stage 3 
Weeks 6 to 8 will consist of gait re-training once sufficient muscle strength has been 
achieved; the commencement of proprioception and balance activities; the continuation of 
resistance activities; and the introduction of modified closed chain activities (exercises 
where your foot is in contact with an immovable surface). 
 
Stage 4 
The final 4 weeks will introduce more advanced resistance activities; and include the 
progression to more demanding closed kinetic chain and proprioception activities. 
 
Participation 
Your participation in this study is voluntary. If you agree to participate, you are free to 
withdraw from the study at any time, for any reason. If you decide not to participate, this 
will not influence or prejudice your ongoing treatment in any way. All information gathered 
will be treated with the strictest confidence and will be stored in a secure manner at the 
Perth Orthopaedic Institute for 5 years. After this time, the information may be destroyed. 
 
In case of an adverse event 
 The study will be carried out in a manner conforming to the principles set out by the 

National Health and Medical Research Council. 
 Your participation in this study does not prejudice any right to compensation, which 

you may have under statute or common law 
 
Risks 
During the rehabilitation intervention you will be required to participate in activities using 
your affected limb; which may produce mild pain that should pass quite quickly. You will 
be supervised and given plenty of opportunity to report any adverse symptoms. If you feel 
you cannot complete a task, you will not be required to do so. 
 
 



 

 

Benefits 
A potential benefit of participating in this study is the possible improvement in quality of 
life (QOL), cardiorespiratory fitness, activities of daily living (ADL), fatigue management; 
and the restoration of physical and psychological function; with many studies in the 
literature indicating these findings in cancer survivors. An additional advantage is the 
regular monitoring of your muscle strength, co-ordination and walking gait, thereby 
allowing adverse movement patterns to be detected much earlier. This may lead to early 
intervention to correct the problem and prevent the development of pain. 
 
You will also receive a comprehensive report from the Keylink Isokinetic Dynamometer 
(muscle strength testing machine). It will include your muscle power, strength, velocity and 
force; which will allow comparisons between your affected and unaffected limbs. From this 
information, we may suggest ways to help you improve your walking pattern, if you so 
wish. 
 
What are the costs? 
You will not be charged anything for participating in the study, in which you will receive an 
individualized, fully supervised rehabilitation program free of charge. However, as we have 
only limited funds to run the trial, we are unable to reimburse you for travel expenses 
incurred for taking part in the study.  
 
How do I enrol? 
If you are interested in participating in this study, please complete, detach and return the 
slip at the bottom of the front page in the reply paid envelope enclosed. For your 
convenience you will be then contacted by phone to arrange your pre-intervention 
assessment. If you have any questions please feel free to contact me on 9332 2008 or 0423 
5155 99. 
 
Kind Regards, 
 
 
 
 
Chrissie Mavros B.Sc., BERSc. 
Master of Science student 
Research Exercise Physiologist 
 
 
 
 
 
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 number (+61 8) 6488 3703). 
All study participants will be provided with a copy of the Information Sheet and Consent Form for their personal 
records. 
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                Perth Orthopaedic Institute 
                Gate 3 Verdun Street 

                 NEDLANDS WA 6009 
                 Telephone: 08 9386 6211 

 
PARTICIPANT CONTACT LETTER 

 
Improving lower limb function in patients with major muscular loss or  

denervation following resection of a sarcoma 
 
Dear Patient, 
 
In conjunction with the team from Hollywood Functional Rehabilitation Clinic and the University 
of Western Australia, we have commenced a research study that you may benefit from, and I 
wish to invite you to participate. 
 
The specific aims of the study are:  

a) to evaluate the effectiveness of a 12 week, fully supervised, rehabilitation program in 
improving quality of life and ability to perform activities of daily living in patients with 
major muscular loss or nerve disruption following tumour removal; and  

b) to increase muscle activation, strength and co-ordination in this patient group.  

All assessments will be conducted at the Hollywood Functional Rehabilitation Clinic, adjacent to 
the Perth Orthopaedic Institute on the grounds of Hollywood Private Hospital. 
 
Please find enclosed a Participant Information Sheet, in which the study is explained in detail. 
Participation is voluntary. If you choose not to participate, it will not affect the quality of your 
ongoing treatment. No remuneration will be provided for travelling expenses, however, 
supervised rehabilitation programs will be provided free of charge. Whatever your choice, it 
would be appreciated if you could complete the slip at the bottom of this sheet and return it in 
the reply paid envelope provided. I will also follow up with a courtesy call in about 2 weeks if I 
have not received your reply.  
 
If you have any questions or require any further information, please do not hesitate to contact 
Miss Chrissie Mavros, Exercise Physiologist and Study Coordinator, on  
9332 2008 or mobile 0423 5155 99, or by email: mavroc01@student.uwa.edu.au 
 
I sincerely thank you for your time. 
Kind regards, 
 
 
 
Professor David Wood 
Orthopaedic Surgeon 
 
 
 ----------------------------------------------------------------------------------------------------------------- 

Improving lower limb function in patients with major muscular loss or 
denervation following resection of a sarcoma 

 
Please tick (one only) 

 I am interested in participating in this study 
 Sorry, I am NOT interested in participating in this study 

 
Name: ___________________________________ 
 
Signature: ________________________________  Date: ___/___/2010 
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The University of Western Australia Ethics Approval 

The Hollywood Private Hospital Ethics Approval 



 

 

 



 

 

Professor Timothy Ackland 
UWA M408 
School of Sports Science, 
Exercise & Health 
35 Stirling Hwy  
CRAWLEY WA 6009 
 
Dear Professor Ackland, 
 
HPH299: Improving lower limb function in patients with major muscular 
loss or denervation following resection of a sarcoma.  

 
Thank you for the requested amendments and clarifications to the above study.  I am 
pleased to advise that the Hollywood Private Hospital Research Ethics Committee 
(HPHREC) has granted ethics approval for the above study, effective 5 October 2010 
until 30 June 2011. 
 
Ethical approval includes: 
 
. Study Application Form; 
. Study Protocol, version 2, dated 30 August 2010; 
. Patient information sheet & consent form, version 2, dated 30 August 2010. 
 
The Hollywood Private Hospital Research Ethics Committee is constituted and 
functions in accordance with the NH&MRC National Statement on Ethical Conduct in 
Research Involving Humans – March 2007 monitoring requirements.  Therefore, a 
progress report of this study must be submitted annually.  In addition, you must 
advise the HPHREC immediately in writing in the event that any of the following 
occur:  
 

• proposed changes or modifications that are made to the original protocol, 
• serious or unexpected adverse effects on participants enrolled in the trial, 
• Unforseen events that may affect continued ethical acceptability of the project. 

 
Please quote the reference number HPH299 in all correspondence to the Hollywood 
Private Hospital Research Ethics Committee. 
 
On behalf of the HPHREC, I wish you every success with your project.  If you have any 
queries, please do not hesitate to contact Carolyn Konzewitsch, Research 
Administrator or me. 
 
Yours sincerely, 
 
 
 
 
Terry Bayliss 
Chair 
Hollywood Private Hospital Research Ethics Committee 
 
cc: Miss Chrissie Mavros 
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PATIENT WRITTEN CONSENT 



 

 

 

PARTICIPANT CONSENT FORM 
 

 
PROJECT TITLE:  Improving lower limb function in patients with major 

muscular loss or denervation following resection of a 
sarcoma 

 
 
CHIEF INVESTIGATOR:  Professor Timothy Ackland 
 
 
To be completed by the participant of the study: 
 
 

I, _________________________  have read the information provided and any questions I have 
asked have been answered to my satisfaction. I agree to participate in this activity, realising that 
I may withdraw at any time without reason and without prejudice to my future medical treatment. 

I understand that all information provided is treated as strictly confidential and will not be 
released by the investigator. The only exception to this principle of confidentiality is if 
documents are required by law. I have been advised as to what data is being collected, what 
the purpose is, and what will be done with the data upon completion of the research. 

I agree that research data gathered for the study may be published provided my name or other 
identifying information is not used 

 
 
      
Participant Name   Participant Signature   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 number (+61 8) 6488 3703). 
All study participants will be provided with a copy of the Information Sheet and Consent Form for their personal 
records. 
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REHABILITATION INTERVENTION PROTOCOL 



 

 

REHABILITATION INTERVENTION PROTOCOL 
 
Contraindications: 

• Avoid high intensity activities due to possible low haemoglobin and platelet 
levels, muscle weakness and low bone density; 

• Avoid excessive load bearing; 
 
Main rehabilitation goal: 

1. To restore function of the affected limb to 80% of either the unaffected limb or 
aged matched population. 

 
STAGE AIM(S) EXERCISE AND RATIONALE OUTCOME MEASURES 

1 A) restore hip, knee and 
ankle ROM;  
B) re-activate and 
recruiting the 
appropriate lower limb 
muscles;  
C) introduce 
cardiovascular exercises. 

• active and passive ROM 
exercises; stretches of the 
quadriceps, hamstring and 
calf muscles. Beginning with 
a 5 s stretch and building up 
to 2 minutes;  

• electrical stimulation of the 
quadriceps, hamstring and 
calf muscles to assist in 
active muscle contraction 
and to overcome muscle 
inhibition;  

• isometric contractions of the 
gluteals, quadriceps, 
hamstring and adductor 
muscle groups to re-gain 
muscle tone;  

• introduction of recumbent 
cycling and/or arm 
ergometer; 

• hydrotherapy: which 
included walking and gait 
training, stretches, basic 
muscle strengthening 
exercises; 

 

- ROM measures: 
• Knee flexion ≥100 

degrees 
• Hip flexion ≥ 90 degrees 
• Hip extension (≥10 

degrees; any ability to 
extend hip) 

 
- Professional judgement on 
ability to isometrically 
contract lower limb muscles 
and ROM measures will be 
used. 
 
 
 

2 A) strengthen the lower 
limb musculature;  
B) introduce core 
stability;  
C) further develop 
cardiovascular fitness 

• upright cycling (ROM 
dependent);  

• upper body conditioning;  
• non-weight bearing 

resistance exercises 
(resistance machines and 
limb weight against gravity); 

• Advanced hydrotherapy 
 

- ROM measures (as above). 
Looking for any form of 
improvement or at least 
stability in the measure. We 
want to avoid a decrease in 
any measure. 
- Ability to complete non-
weight bearing exercises. 
 
- Progression rule of thumb: 
2 sessions of the same 
intensity and volume with no 
extra pain or soreness 
experienced either post-



 

 

exercise or the next day. 
3 A) develop lower limb 

muscle strength 
simulating functional 
tasks 

• resistance activities and 
modified closed chain 
activities;  

• the introduction of gait re-
training once sufficient 
muscle strength has been 
achieved;  

• commencement of 
proprioception and balance 
activities, including the use 
of a vibrator surgical synergy 
machine; 

 

- Able to complete all 
modified closed chain 
exercises without pain or 
discomfort 
- Completion of basic balance 
and proprioception activities 
- Gait pattern simulating 
normal walking 

4 A) restore and improve 
physical function during 
all activities of daily living 

• continuation of resistance 
activities;  

• progression to more 
demanding closed kinetic 
chain exercises and 
proprioception activities. 
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THE HIGH LEVEL MOBILITY ASSESSMENT TOOL: HiMAT 

 



 

 

  



 

 

HiMAT: High-level Mobility Assessment Tool  
 

Instructions  
 

Subject suitability: The HiMAT is appropriate for assessing people with high-level balance 
and mobility problems. The minimal mobility requirement for testing is independent walking 
over 20m without gait aids. Orthoses are permitted. 
  
Item testing: Testing takes 5-10 minutes. Patients are allowed 1 practice trial for each item.  
 
Instructions: Patients are instructed to perform at their maximum safe speed except for the 
bounding and stair items.  
 
Walking: The middle 10m of a 20m trial is timed.  
 
Walk backward: As for walking.  
 
Walk on toes: As for walking. Any heel contact during the middle 10m is recorded as a fail.  
 
Walk over obstacle: As for walking. A house brick is placed across the walkway at the mid-point. Patients 
must step over the brick without contacting it. A fail is recorded if patients step around the brick or make 
contact with the brick.  
 
Run: The middle 10m of a 20m trial is timed. A fail is recorded if patients fail to have a consistent flight phase 
during the trial.  
 
Skipping: The middle 10m of a 20m trial is timed. A fail is recorded if patients fail to have a consistent flight 
phase during the trial.  
 
Hop forward: Patients stand on their more affected leg and hop forward. The time to hop10m meters is 
recorded.  
 
Bound (affected). A bound is a jump from one leg to the other with a flight phase. Patients stand behind a line 
on their less affected leg, hands on hips, and jump forward landing on their more affected leg. Each bound is 
measured from the line to the heel of the landing leg. The average of three trials is recorded.  
 
Bound (less-affected). Patients stand behind a line on their more affected leg, hands on hips, and jump 
forward landing on their less affected leg. The average of three trials is recorded.  
 
Up stairs: Patients are asked to walk up a flight of 14 stairs as they normally would and at their normal speed. 
The trial is recorded from when the patient starts until both feet are at the top. Patients who use a rail or a non-
reciprocal pattern are scored on Up Stairs Dependent. Patients who ascend the stairs reciprocally without a 
rail are scored on Up Stairs Independent and get an additional 5 points in the last column of Up Stairs 
Dependent.  
 
Down stairs: As for Up stairs.  
 
Scoring: All times and distances are recorded in the ‘performance’ column. The 
corresponding score for each item is then circled and each column is then subtotalled. 
Subtotals are then added to calculate the HiMAT score. 
 



 

 

Participant Characteristics 
 

ID Age Occupation Diagnosis Tumour 
Size (mm) 

Tumour 
Location 

Treatment 
1,2,3 

Muscle Resected Nerve 
Resected 

Complication 

JB 45 Paralegal Osteosarcoma 
and giant cell 

tumour 

100x70x25 Proximal 
tibia 

Pre RT Medial 
gastrocnemius, 
reconstructed 

quadriceps 
 

- - 

HP 44 Unemployed Liposarcoma 180x130x120 Proximal 
thigh 

Pre and 
post RT 

Adductor group, 
sartorius, part of 
latissimus dorsi 

 

Femoral 
nerve 

Wound 
infection 

TV 34 Receptionist peripheral nerve 
sheath tumour 

Unknown Distal thigh  - Sciatic 
nerve 

(distally) 
 

- 

LN 56 Radio 
industry 

Fibrous 
Histiocytoma 

78x69x115 Proximal 
thigh 

Pre CT Rectus femoris; 
vastus medialis, 

oblique, intermedius; 
part of latissimus 

dorsi 
 

Femoral 
nerve 

(distally) 

Wound 
infection 

MR 55 Receptionist Synovial sarcoma Unknown 2-5th 
Metatarsal 

Pre and 
post RT 

Tendons of extensor 
digitorum longus and 

fibularis tertius 
 

- - 



 

 

 
 
MD 23 Student Osteosarcoma Unknown Proximal 

tibia 
Pre and 
Post CT 

Medical 
gastrocnemius, 
reconstructed 

quadriceps 
 

- - 

TL 18 Legal aid Osteosarcoma 110x80x45 Proximal 
tibia 

Pre and 
post CT 

Medical 
gastrocnemius, 
reconstructed 

quadriceps 
 

- - 

RB 20 Student Osteosarcoma Unknown Distal thigh Pre and 
post CT 

Vastus medialis, 
oblique, intermedius; 

medial 
gastrocnemius flap; 
semimembranosus, 

semitendinosus; 
reconstructed 

quadriceps 
 

- - 

JH 36 Navy chondrosarcoma 90x72x45 Proximal 
tibia 

 Medial head of 
gastrocnemius, semi-

tendinosis, semi-
membranosus 

- - 

NOTE: 
1 All patients underwent limb salvage surgery 

2 radiotherapy= RT 
3 chemotherapy= CT 


