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Abstract 
 

The overall aim of this thesis was to test the feasibility of an intervention for 

somatosensory discrimination, designed for adult stroke survivors, in children with 

hemiplegic cerebral palsy (hemiplegia). Somatosensory, impairments are common in 

children with hemiplegia. Reports of prevalence vary from 50-97%. Somatosensory 

impairments contribute to impaired upper-limb motor performance; however current 

evidence does not target somatosensory training but rather focuses on motor learning 

approaches to upper-limb function for children with hemiplegia. 

Chapter two, paper one established the prevalence of somatosensory impairment in 

children with hemiplegia using the sense©_assess Kids an outcome measure which 

addresses tactile registration at the level of protective touch, limb position sense, haptic 

object recognition and tactile discrimination. Of the 28 children with hemiplegia in this 

cross-sectional study 23 (82%) had impaired somatosensory discrimination in one or 

more domains. High levels of impairment in children with hemiplegia and correlations 

with motor performance further supported the importance of testing a novel 

somatosensory intervention.  

In chapter three a systematic review of interventions for somatosensory discrimination 

impairment in children with hemiplegia identified that there are no evidence-based 

interventions targeted at somatosensory impairments. Sense© somatosensory 

discrimination training, an intervention with an evidence base from an adult stroke 

population, was identified as a potential for adaption for use in a population of children 

with hemiplegia. The Sense intervention approach is based on principles of perceptual 

learning and learning dependent neural plasticity. The Sense intervention involves 

structured training in individual components of somatosensory discrimination as well as 

incorporating training principles into occupational task performance in goals set by the 

child and family.  

Chapter four, paper two was a pilot matched pairs control trial (N= 17) that explored the 

feasibility of Sense somatosensory discrimination intervention in children with 

hemiplegia.  Children in the intervention group received the Sense intervention three 

times a week for six weeks (total 18 hours) and continued with their usual care, the 

control group continued with their usual care only. This work demonstrated that an 

intervention for somatosensory discrimination could improve limb position sense, 

bimanual hand-use and goal attainment for children with hemiplegia with improvements 
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maintained at six-month follow-up. Haptic object recognition initially improved but was 

not maintained at six-week follow-up.  

Chapter five, paper three is a qualitative study utilising a model of paediatric 

engagement and framework analysis to determine participant experience of motivation 

and engagement in the Sense intervention. Children and their parents who participated 

in the Sense intervention (N= 10 families) took part in a focus group or individual 

interviews. Success with the child’s functional goals, flexibility of delivery times, 

location and rapport with the therapist were key themes supportive of engagement in the 

Sense intervention.  

This body of work has demonstrated the feasibility of the Sense intervention with 

children. Before this intervention can be implemented into routine clinical practice 

greater evidence is required. Chapter six, paper four is a protocol for a randomised 

control trial of Sense© for Kids intervention. The Sense for Kids intervention builds on 

the theoretical framework of perceptual learning, learning dependent neural plasticity, a 

paediatric engagement model and seeks to engage in partnership with parents to 

maximise outcomes for children with hemiplegic cerebral palsy. 
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Chapter 1 Introduction 

General Introduction 

Cerebral palsy (CP) is an umbrella term for motor impairment arising from an injury or malformation 

of the developing brain (Rosenbaum, Paneth, Leviton, Goldstein, & Bax, 2007) and is the leading cause 

of childhood physical disability (ACPR Group, 2013). Children with cerebral palsy commonly 

experience co-morbidities such as cognitive impairment, sensory deficits, and communication 

difficulties as well as additional barriers to activity, participation and potentially quality of life 

(Rosenbaum et al., 2007).  

Sensations are how people receive information about their environment to make decisions relating to 

their interaction with that environment (Doherty & Hughes, 2009). The senses include vision, audition, 

olfaction, taste, vestibular balance and somatosensation (Carey, 2012). Somatosensation involves the 

detection, discrimination and recognition of body sensations such as light touch, firm pressure, 

proprioception, texture discrimination, temperature sensation, pain and itch (Dunn et al., 2013). 

Somatosensory functions include body position sense, texture discrimination, tactile object recognition, 

and prehensile calibration- accommodating for the size, weight and slip of an object (Majnemer, 

Bourbonnais, & Frak, 2008). 

Children with CP commonly experience deficits in somatosensation that impact functional use of their 

affected upper-limb(s) (Majnemer et al., 2008). Impaired tactile function, a component of 

somatosensation, has been found to contribute to impaired motor function (Auld, Boyd, Moseley, Ware, 

& Johnston, 2012a) and poorer therapeutic outcomes (Robert, Guberek, Sveistrup, & Levin, 2013). 

Despite the high incidence of somatosensory deficits there are currently no interventions known to be 

effective in improving deficits for children with CP (Auld, Russo, Moseley, & Johnston, 2014). This 

research has two aims. Firstly, it attempts to quantify functional sensory impairment in children with 

CP compared to typically developing children. Secondly it seeks to contribute knowledge on the 

efficacy of a neurorehabilitation technique, effective in an adult stroke population, in habilitating 

deficits in somatosensation for children with CP. This research has involved consumers to ensure that 

the intervention is relevant and acceptable for the clinical population. It is anticipated that this research 

will improve the therapeutic management and functional outcomes for children with CP. 

1.1 Introduction 

In Western Australia the prevalence of CP is approximately 2.1 per 1000 live births (Oskoui, Coutinho, 

Dykeman, Jetté, & Pringsheim, 2013).  It is the most common cause of physical disability in children 

(ACPR Group, 2013). A defining feature of CP is an injury or malformation of the developing brain 
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(Rosenbaum et al., 2007).  This injury or malformation leads to impairments in motor function that may 

be accompanied by other impairments such as sensory deficits, and impaired cognitive function among 

other co morbidities (Shevell, Dagenais, & Hall, 2009). 

Somatosensation is important for perception and for action (Dijkerman & De Haan, 2007). To be able 

to find a pen in a pencil case or pull change out from a pocket the ability to discriminate between 

textures, identify objects by touch and know where our body is positioned in relation to its other parts 

are functional requirements (Dijkerman & De Haan, 2007). Somatosensation is necessary for the 

development of dexterous hand movement (Blennerhassett, Carey, & Matyas, 2006; Majnemer et al., 

2008) and is an essential modality through which a child explores their environment, learns the 

boundaries of self and the external environment, and forms the basis for cognitive learning (Doherty 

& Hughes, 2009).  

 

Deficits in somatosensation are common in children with CP with between 50-97% of these children 

having deficits in somatosensory function (Bolanos, Bleck, Firestone, & Young, 1989; Van Heest, 

House, & Putnam, 1993). Deficits are particularly noted in stereognosis, proprioception, two-point 

discrimination and functional sensibility in children with hemiplegic CP (HCP) (Cooper, Majnemer, 

Rosenblatt, & Birnbaum, 1995; Krumlinde-Sundholm & Eliasson, 2002; Majnemer et al., 2008). A 

recent study found that deficits in sensation accounted for one third of the variance in motor 

performance of children with HCP (Auld et al., 2012a). Furthermore, it has been suggested that 

deficits in somatosensation may result in learned non-use of an affected hand, leading to reduced 

exploration of the environment, altered sensory-motor development of the affected hand and impaired 

bimanual use of hands (Majnemer et al., 2008).  

 

Despite the prevalence of somatosensory deficits amongst children with HCP, most interventions to 

improve upper-limb function seek to do so by targeting motor function. This is commonly undertaken 

using principles of activity dependent neuroplasticity with repetition of a specific motor task (Novak 

et al., 2013), modification of the child’s environment or accommodation of dysfunction with assistive 

technology or activity modification (Majnemer et al., 2008). Studies of motor learning approaches 

reveal variability that demonstrates that not all children benefit from existing interventions, 

(Sakzewski, Gordon, & Eliasson, 2014) it may be that targeting somatosensory impairments will 

assist some of these children to make gains. There is a paucity of research on the habilitation of tactile 

sensibility in this group of children and an increasing recognition of the importance of sensation for 

upper limb function (Auld et al., 2014; Majnemer et al., 2008).  

 

This research will seek to improve somatosensory discrimination in children with HCP using the 

Sense© somatosensory discrimination training approach (Carey, Macdonell, & Matyas, 2011).  This 

generalised sensory retraining approach is based on principles of learning dependent neuroplasticity, 
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perceptual learning and knowledge of the physiology of somatosensory processes (Carey et al., 2011; 

Carey & Matyas, 2005). Sense© is designed to facilitate transfer of training effects to novel, untrained 

tasks (Carey et al., 2011; Carey & Matyas, 2005). Generalised sensation retraining involves 

calibration of impaired touch sensation with a more normal touch sensation using the unimpaired 

hand (intramodal calibration), by vision (cross modal calibration), deliberate use of anticipation, 

attentive exploration without vision, and feedback to enhance identification of salient sensory features 

of stimuli (Carey et al., 2011). Generalised sensation retraining has been used successfully to 

remediate somatosensation in adult stroke populations. In a recent randomised controlled trial (N=50) 

approximately two-thirds of participants halved their functional sensory deficit or better at six-month 

follow-up (Carey et al., 2011). This involved improvement in touch discrimination, limb position 

sense and tactile object recognition. 

 

It cannot be assumed that an intervention which is effective with adult stroke survivors will also be 

effective with children with CP. Therapeutic activities need to be based on sound theory that is 

relevant to children with a congenital neurological impairment. Therapy must be developmentally 

appropriate and, because children are rarely self-referred, activities need to be engaging to maximise 

therapeutic outcomes (Ziviani, Poulsen, & Cuskelly, 2013). A solid and relevant theoretical 

framework is essential. 

 

The Sense© somatosensory discrimination intervention is based on the theories of perceptual learning 

and learning dependent neuroplasticity. Perceptual learning involves focussed attention to important 

details of an object; the brain adapting and creating receptors to interpret a repeated stimulus with 

increasing accuracy and fluency; differentiating and separating details that were previously 

indistinguishable; and responding to familiar stimuli as an integrated whole, such as recognising a 

whole face rather than eyes, nose and chin separately (Goldstone, 1998). Perceptual learning is 

developmentally appropriate for children of all ages because it is how humans learn from birth. 

Infants learn to establish communication with their carers via their senses, they interpret 

somatosensory information and this drives the development and finessing of motor function in a feed-

forward manner as objects in their environment are explored and an increasing number of attributes 

and uses are revealed with greater movement/exploration (Gibson & Pick, 2000).  Perceptual learning 

has been found to be an effective approach to create long term changes in a person’s perception 

(Goldstone, 1998). Neuroplasticity is the capacity of the brain to adapt to the demands that are placed 

on it. For example, in motor learning the repeated goal directed use of a limb increases the size of 

cortical representation for that body part and consolidates neuronal connections such that effortless, 

unconscious action is possible following enough repetition (Forssberg, 2008). Neuroplasticity is a 

topic of great relevance and interest in the field of paediatric CP. Interventions which aim to induce 

neuroplasticity, including bimanual therapy, constraint induced movement therapy, goal directed 
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functional training, context- focussed therapy and home programs, are the interventions with the 

highest level of evidence supporting their use (Novak et al., 2013). Perceptual learning and learning 

dependant neural plasticity are both theories relevant to a paediatric CP population. With what is 

known about the role of somatosensation for upper limb motor function and the efficacy of 

approaches that harness principles of neuroplasticity and perceptual learning, it is reasonable to 

surmise that improvements in somatosensory ability achieved via these mechanisms are possible and 

will benefit motor performance. It is anticipated that an improved recognition of somatosensory input 

will make exploring the environment with the affected hand worthwhile, therefore increasing the 

likelihood of its use in bimanual tasks. One of the key ingredients in harnessing neuroplasticity is 

attention (Cunningham, Duffee, Huang, Steinke, & Naccarato, 2009).  To maximise attention in 

children, who do not always engage with therapy services of their own volition (Ziviani et al., 2013), 

we will also consider engagement. 

 

Engagement is defined as “a multifaceted state of affective, cognitive and behavioural commitment or 

investment in the client role over the intervention process” p. 2 (King, Currie, & Petersen, 2014). 

Engagement includes attitudes about treatment, rapport with therapists and active participation in 

therapeutic activities (Cunningham et al., 2009). Attention and motivation have been identified as 

essential components of engagement for neurorehabilitation (Danzl, Etter, Andreatta, & Kitzman, 

2012). Strategies to enhance attention and motivation such as improving the therapeutic relationship, 

client education and empowerment have been recommended (Danzl et al., 2012). A framework to aid 

therapists in examining engagement in paediatric populations has been developed that considers 

contextual and intrinsic factors contributing to engagement. This model, called the Synthesis of Child 

Occupational Performance In Time (SCOPE-IT) model (Ziviani et al., 2013) acknowledges at its core 

the essential aspects of autonomy (I have choices), relatedness (what I am doing makes sense, my 

therapist likes me) and competence (I can do this) in addition to child specific factors such as 

development, psychological and physical factors, and environmental factors such as the time of day 

and the physical and social environments (Ziviani, Poulsen & Cuskelly, 2013). For this work we will 

utilise the SCOPE-IT model to round out our theoretical framework to ensure the appropriateness of 

Sense© for use with children with CP, see Figure 1.1. 

To objectively measure improvements following intervention, valid and reliable assessment measures 

are essential. A recent clinimetric review found that there was no single assessment battery which 

covered all aspects of tactile sensation for children with CP and those that were in use were seldom 

standardised, had limited clinical utility or lacked normative data (Auld, Boyd, Moseley, & Johnston, 

2011). Assessments which address the functional aspects of somatosensation exist within adult 

populations (Carey et al., 2011). The assessments which make up the SenScreen Sensory Screening 

Tool (Carey, Mak, & Tan, 2011) are an example of a comprehensive assessment battery and have 

been used in their full versions to measure functional sensory discrimination capacity pre-and post- 
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Figure 1.1, Theoretical framework for an effective paediatric somatosensory intervention 

 

intervention in adults with sensory loss post-stroke (Carey et al., 2011). The full-length version of this 

assessment package is called “sense©_assess” (L. M. Carey, personal communication, May 23, 2012) 

and includes measures of single point localisation at the level of protective touch, tactile 

discrimination, haptic object recognition and limb position sense. Our modification of this package, 

now referred to as the sense©_assess kids©, meets the gaps identified by Auld and colleagues in their 

clinimetric review and subsequent investigations (Auld et al., 2011; Auld, Boyd, Moseley, Ware, & 

Johnston, 2012b). The 4.56 Semmes-Weinstein monofilament (Bell-Krotoski & Tomancik, 1987) will 

be used to determine the presence of protective touch sensibility. Deficits in the capacity to register a 

stimulus on the threshold of protective touch will likely indicate significant impairment in subsequent 

test items (Auld et al., 2012b). The Tactile Discrimination Test (TDT) is a texture discrimination test 

which comprises comparisons of texture gratings of varying degrees of difference. The texture grids 

are presented in sets of three where two are the same and one is different. These are presented in 

random sequence and the participant indicates the grid that is the odd one out (Carey, Oke, & Matyas, 

1997). The nature of the required response from the three options and random presentation of grids of 

varying difference in texture may be a more robust measure of texture discrimination for children with 

hemiplegic CP than the AsTex (Miller et al., 2009) which was found to have a learning effect in 

children with HCP (Auld, Ware, Boyd, Moseley & Johnston, 2012). The Wrist Position Sense Test 
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(WPST) is a standardised test of body position sense. It involves a participant’s wrist being moved out 

of vision to pseudo-random positions along a protractor scale. The participant responds by indicating 

on a visible second protractor scale where they believe their wrist is positioned (Carey, Oke, & 

Matyas, 1996). The functional Tactile Object Recognition Test (fTORT) is a standardised test of 

functional tactile object recognition. It involves 14 sets of three items. In each set of three, two items 

vary in only one sensory attribute such as weight or size and the third ‘distractor” item varies in more 

than one sensory attribute such as shape and size (Carey, Nankervis, LeBlanc, & Harvey, 2006). The 

fTORT contains items that are both common and novel to children and as such may meet the degree 

of difficulty called for by Auld, Ware et al. (2012). Research collecting normative data for these 

assessments of functional sensory discrimination capacity in children was undertaken by an honours 

student supervised by the candidate. A parallel PhD project, undertaken by Dr Susan Taylor of Curtin 

University, has modified the sense©_assess for use with children with CP and tested the psychometric 

properties both with typically developing children and with children with CP. 

 

There is a growing call for evidence-based interventions addressing somatosensory function in the 

upper limb of children with CP. This thesis seeks to fill this gap by providing feasibility evidence in a 

paediatric CP population for an intervention that has been shown to be effective in adult stroke 

survivors. In applying this intervention care has been taken to ensure the application of 

developmentally appropriate theory. 

 

 

1.2 Significance of this thesis 

This phase I-II research (National Medical Health Research Council, 2015) aims to determine the 

feasibility and provide proof of concept of a neurorehabilitation intervention for somatosensory 

deficits for children with hemiplegic cerebral palsy (HCP). To achieve this chapter two quantifies the 

somatosensory impairment for children with HCP using the sense©_assess kids. Chapter three 

presents a systematic review of interventions targeting somatosensory function for children with HCP. 

Chapter four presents a phase I trial investigating the efficacy of a novel intervention. Consumer 

perspectives of engagement as it relates to the intervention are included in chapter five. Chapter six 

presents a protocol for a phase II randomised control trial with the intervention modified for children 

and informed by the children and their families in our pilot study. This protocol has been submitted 

for publication and forms the study design for a fully funded trial. See figure 1.1 for thesis structure. 
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1.3 Chapter synopsis 

This thesis is presented as a series of papers with four papers prepared as manuscripts for full 

publication and one paper (systematic review) that will not be submitted for full publication but has 

been published as an abstract for a conference presentation. See table 1.1 for a summary of research 

methods for chapters. 

Chapter two (Paper one) is a cross sectional study examining the functional somatosensory capacity 

of children with hemiplegic CP including combinations of impairment and the relationship between 

somatosensory impairment and motor function. 

PAPER TITLE: Somatosensory discrimination impairment in children with hemiplegic cerebral palsy. 

AIMS 

To describe the functional somatosensory discrimination of children with hemiplegic CP using the 

quantitative measures of tactile discrimination. 

To examine the relationship between somatosensory impairment and gross motor dexterity. 

Chapter three (Abstract one) is a systematic review of interventions targeting somatosensory 

impairment for children with CP. 

PAPER TITLE: Improving sensation for children with cerebral palsy, what are we doing? A 

systematic review. 

AIM 

To examine what evidence exists in paediatric cerebral palsy literature for treatments to improve 

sensory discrimination. 

Chapter four (Paper two) is a phase I matched pair randomised controlled trial piloting an 

intervention targeting functional aspects of somatosensory impairment, the Sense© somatosensory 

discrimination training approach. 

PAPER TITLE: Somatosensory discrimination intervention improves body position sense and motor 

performance in children with hemiplegic cerebral palsy. 

AIM 

To pilot a child-friendly version of Sense© with children with HCP. We hypothesized that the Sense© 

intervention would be effective in improving somatosensory discrimination, upper-limb motor 

function, and occupational goal performance of children with hemiplegic CP. 

Chapter five (Paper three) is a qualitative paper examining the aspects of the Sense© training 

approach that were engaging for children and their families from their perspectives using framework 

analysis and the Synthesis of Child, Occupational Performance- In Time model (SCOPE-IT) of 

motivation and engagement. 
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PAPER TITLE: “I cut steak on a plate!” The SCOPE-IT model applied to a somatosensory 

discrimination intervention for children with cerebral palsy. 

AIM  

To identify the elements supporting engagement of children with unilateral cerebral palsy in Sense© 

training from the participant’s perspective using the SCOPE-IT model.  

 

Chapter six (paper four) describes a protocol to test the efficacy of Sense© for Kids, an intervention 

modified following the pilot study presented in chapter four and the consumer perspectives presented 

in chapter five to increase its suitability of this intervention for children and their families.  

PAPER TITLE: Discovering the sense of touch: Protocol for a randomised controlled trial examining 

the efficacy of a somatosensory discrimination intervention for children with hemiplegic cerebral 

palsy.  

AIM 

To determine whether Sense© for Kids training is more effective than placebo (Goal Directed 

Training via home program) at improving somatosensory discrimination in children with HCP. 

This chapter sets out the study design and intervention description of Sense© for Kids and Goal 

Directed Training via Home Programs which will be the evidence-based comparison treatment 

condition. Treatment fidelity checklists, developed as part of this process, are also presented. This 

study has full ethics approval and funding. This manuscript has been prepared for publication and 

submitted. 

 

Chapter seven 

Concluding statements. 



 

9 

 

Figure 1.1 Structure of thesis with phases of research outlined. 
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Table 1.1 Summary of Research Methods for Chapters in PhD 

Aspect Chapter 2 

Paper 1 

Chapter 3 

Abstract 1 

Chapter 4 

Paper 2 

Chapter 5 

Paper 3  

Chapter 6 

Paper 4 

Summary Descriptive paper 

examining the 

occurrence of 

somatosensory 

impairment in children 

with hemiplegic 

cerebral palsy, 

combinations of 

impairment and the 

influence of 

somatosensory 

impairment on motor 

Function. 

Systematic review of 

interventions for 

children with cerebral 

palsy addressing 

somatosensory 

impairment. 

Pilot study of a novel 

intervention for 

children that is 

effective with adult 

stroke survivors, the 

Sense© intervention. 

Qualitative paper 

exploring how 

engaging the Sense 

intervention was from 

the perspective of 

children and families 

who took part. 

Protocol paper 

outlining the methods 

and treatment fidelity 

of the Sense for Kids 

intervention. 

  

Study design Cross sectional Systematic review Pilot randomised 

controlled trial 

Qualitative Protocol for a 

randomised control 

trial 

Sample 28 children with 

hemiplegic cerebral 

palsy aged 6-15.5 

years, 16 boys, 12 girls. 

399 records returned 

from search- 379 

excluded on title / 

abstract or duplicates; 

20 records screened- 

one paper included for 

review. 

17 children with 

hemiplegic cerebral 

palsy aged 6-15 years, 

7 (4 boys) in the 

intervention group and 

10 (5 boys) in the 

control group. 

10 children with 

hemiplegia cerebral 

palsy and 12 of their 

parents. 

Proposed: 50 children 

with hemiplegic 

cerebral palsy aged 8-

15 years 
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Data analysis Descriptive statistics, 

frequencies and 

correlational analyses. 

The one resulting paper 

was evaluated for 

quality using the Kmet 

quality of reporting 

checklist. 

Between group and 

within group repeated 

measures analyses. 

Framework analysis 

using the Synthesis of 

Child, Occupational 

Performance- In Time 

model.  

Proposed data analyses 

include between group 

and within group 

repeated measures 

analyses for 

impairment and activity 

measures. 

Publication status Submitted to Physical 

and Occupational 

Therapy in Pediatrics 

15-01-2018 

Not for publication as 

full text. 

 

Published in the 

May/June issue of 

American Occupational 

Therapy Journal 2017 

Submitted to 

Developmental 

Neurorehabilitation  

14-03-2018 

Submitted to BMC 

Paediatrics 18-10-2017 

Relevant abstracts Abstract has been 

published as a 

conference proceeding. 

See appendix 8.20 

Abstract has been 

published as a 

conference proceeding. 

See appendix 8.21 

Abstract has been 

published as a 

conference proceeding. 

See appendix 8.17 & 

8.19 

Abstract has been 

published as a 

conference proceeding. 

See appendix 8.18 
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Table 1.2 Candidates Contribution to Somatosensory Research Beyond PhD Thesis 

Title Does 

somatosensation 

change with age in 

children and 

adolescents? A 

systematic review 

Assessment of 

body sensations in 

children: age 

related effects and 

reliability 

Clinical 

acceptability of 

the 

sense_assess© 

kids: children 

and youth 

perspectives 

Wrist Position 

Sense Test for 

children with 

cerebral palsy 

Construct 

validity and 

responsiveness 

of the functional 

Tactile Object 

Recognition Test 

Haptic 

exploratory 

procedures of 

children and 

youth with and 

without cerebral 

palsy 

Experience of 

children and 

their parents: a 

novel sensory 

intervention for 

children with 

hemiplegic 

cerebral palsy 

Summary 

  

Somatosensation 

increases with age 

for TD children. 

The 

sense_assess© 

kids demonstrated 

test-retest 

reliability. 

Somatosensation 

increases with age 

for TD children. 

21 of 26 

children 

indicated they 

were ‘very 

happy’ or 

‘happy’ with 

the 

administration 

process of the 

sense_assess© 

kids. 

The WPST 

demonstrated 

construct 

validity, 

association with 

an activity 

measure, 

intrarater 

reliability and 

responsiveness 

to change. 

The fTORT 

demonstrated 

construct 

validity and 

association with 

an activity 

measure. Further 

research is 

needed to 

develop its 

responsiveness.  

Children with 

and without CP 

performed 

similar patterns 

of haptic EPs 

however 

children with 

CP took more 

time and were 

less accurate. 

Rater reliability 

was confirmed. 

Qualitative 

investigation of 

children and 

parents 

experience of a 

novel 

somatosensory 

intervention for 

children with 

hemiplegic 

cerebral palsy.  

Study design Descriptive 

design: Systematic 

literature review. 

Exploratory 

design: Instrument 

development and 

validation, and 

observation study. 

Descriptive 

design: Cross-

sectional, 

questionnaire-

based study 

following 

exposure to the 

sense_assess© 

kids. 

Exploratory and 

experimental 

design: 

Instrument 

development and 

validation study, 

with 

experimental 

Exploratory and 

experimental 

design: 

Instrument 

development and 

validation study, 

with 

experimental 

Exploratory 

design: Cross-

sectional, video 

data analysis 

study. Rater 

reliability was 

determined by 

having a second 

coder evaluate 

Qualitative, 

framework 

analysis 
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design for 

responsiveness. 

design for 

responsiveness. 

20% of the 

videos. 

Sample CP/TD Included studies 

had a total of 

2,418 typically 

developing 

children. 

88 typically 

developing 

children.  

28 children with 

hemiplegic 

cerebral palsy. 

28 children with 

hemiplegic 

cerebral palsy 

and 39 typically 

developing 

children. 

28 children with 

hemiplegic 

cerebral palsy 

and 39 typically 

developing 

children. 

24 children with 

hemiplegic 

cerebral palsy 

and 31 typically 

developing 

children. 

10 children with 

hemiplegia 

cerebral palsy 

and 12 of their 

parents. 

Data analysis Systematic review 

of studies 

examining age-

related changes in 

somatosensation. 

Test re-test 

design, and within 

group design. 

Bland Altman 

plots, ANOVA. 

Summative 

content analysis 

and descriptive 

statistics. 

Within group 

and between 

group design 

comparing data 

from baseline 

and follow up 

time-points. 

General 

Estimating 

Equation and 

random-effects 

regression 

modelling. 

Within group 

and between 

group design 

comparing data 

from baseline 

and follow up 

time-points. 

General 

Estimating 

Equation and 

random-effects 

regression 

modelling. 

Comparison of 

two 

independent 

groups using 

video data. 

Logistic, linear 

and Poisson 

regression 

modelling 

General 

Estimating 

Equation and 

Cohen's κ. 

Framework 

analysis using 

the International 

Classification of 

Functioning, 

Disability and 

Health. 

Publication 

status 

Published paper1  Published paper- 

In press2 

Published 

paper3 

In preparation4 Manuscript 

submitted5 

Manuscript 

submitted6 

In preparation 

Published 

abstract7 

Candidate role Article reviewer, 

data extractor, 

manuscript 

contributor 

Supervisor, 

assisted with 

recruitment and 

manuscript 

contributor 

Participant 

recruitment, 

manuscript 

contributor 

Assisted with 

participant 

recruitment, 

interventionist, 

Assisted with 

participant 

recruitment, 

interventionist, 

Participant 

recruitment, 

manuscript 

contributor 

Supervisor and 

manuscript 

contributor 
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manuscript 

contributor 

manuscript 

contributor 

Paper and 

abstract 
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Chapter 2 Somatosensory discrimination 

impairment in children with 

hemiplegic cerebral palsy 

Chapter Preamble 

In the last chapter I defined the aspects of somatosensation that are particularly functionally 

important and argued that somatosensation is a priority area for investigation. I presented a 

variety of methods for assessing impairment and the variability in the findings between them 

as well as proposed the use of a new measure, the sense_assess kids. I framed somatosensory 

impairment as an important consideration for investigation in a field that primarily considers 

the motor function of children with hemiplegic CP.  

In this chapter I will examine the somatosensory function of children with hemiplegic CP using 

the sense_assess kids. I will also investigate the combinations of somatosensory impairment 

and how somatosensory impairment impacts on motor function. This paper will serve to add 

to our knowledge of somatosensory impairment in children with hemiplegic CP and the impact 

of these impairments on motor function. 

This chapter, similar to Chapter one, explores the importance of somatosensation and what is 

known about somatosensory impairment for children with CP. I discuss the variability in 

existing measures and the need for a new measure before describing the sense_assess kids in 

detail. I then present our findings of impairment and combinations of somatosensory 

impairment across the four domains we measured. Lastly, I also present the relationship 

between somatosensory impairment and motor function.  

 

Publications- Paper 

McLean, B., Taylor, S., Valentine, J., Carey, L, & Elliott, C. (In preparation). Somatosensory 

discrimination impairment in children with hemiplegic cerebral palsy as measured by 

the sense_assess© kids.  

Publications- Abstract 

McLean, B., Taylor, S., Valentine, J., Parsons, R., Carey, L., & Elliott, C. (2015). Functional 

sensation of children with hemiplegic cerebral palsy. (McLean, B., Taylor, S., 

Valentine, J., Parsons, R., Carey, L., Elliott, C). Australian Occupational Therapy 

Journal, 62 (S1), 142. [ABSTRACT]  
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2.1 Abstract 

Authors: Belinda McLean BSC (OT) hons, Susan Taylor PhD, Jane Valentine FRACP 

FAFRM, Leeanne Carey PhD, Catherine Elliott PhD    

Aims: To characterise somatosensory discrimination impairment of the upper-limb across 

domains of touch detection and discrimination, limb position sense and haptic object 

recognition using the sense_assess© kids and examine associations with upper-limb motor 

performance in children with hemiplegic CP. 

Methods:  The sense_assess© kids was administered at one timepoint to 28 children, aged 6 to 

15.5 years (M= 10.1, SD= 2.4), with hemiplegic CP (right hemiplegia n=15) and Manual 

Ability Classification System Levels I (n=11) and II (n=17). Unimanual motor performance was 

quantified using the Box and Block Test. 

Results: Twenty-three of 28 children had impaired somatosensory discrimination in one or 

more domains. Tactile discrimination was impaired in 18, limb position sense in 20 and haptic 

object recognition was impaired in 21 children. Moderate to strong correlations were observed 

between each measure of somatosensory discrimination and motor performance. Manual ability 

classification was associated with limb position sense and haptic object recognition. A strong 

inverse correlation (r= -.57, p<.01) exists between the number of somatosensory domains 

impaired and motor performance.  

Conclusion: The frequency of somatosensory impairment in the upper-limb of children in our 

sample was high and had important implications for manual ability suggesting a need for 

routine assessment in this population.  

Key words: Cerebral palsy, upper extremity, proprioception, touch, touch perception 

Implications for Rehabilitation 

• A high proportion of children with hemiplegic CP have impairment in tactile, 

proprioception and tactile object recognition domains of somatosensory function. 

Characterising these impairments has implications for targeted assessment and 

treatment of upper limb impairments.  

• The higher the number of impaired somatosensory domains the poorer a child’s 

unimanual motor performance. 

• Wrist position sense and tactile discrimination are moderately correlated, while haptic 

ability is strongly correlated, with motor performance.  

• Manual ability classification level, was associated with somatosensory discrimination 

impairment. 
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2.2 Background 

Cerebral palsy (CP) is an umbrella term for an injury or malformation in the developing infant 

brain resulting in limitations in motor function and disturbances to sensation, perception, 

cognition, communication and behaviour (Rosenbaum et al., 2007). Limitations in motor 

function affecting primarily one side of the body is termed hemiplegia and is the most 

frequently occurring distribution of motor impairment in children with CP (Stanley et al., 2000). 

Impairments in somatosensation have been reported for up to 97% of children with hemiplegic 

CP (HCP) (Van Heest et a., 1993). Recent studies have found that roughly two thirds of children 

with HCP have reduced tactile sensation and these impairments significantly impact motor 

function (Auld et al., 2012a; Auld et al., 2012b; Klingels et al., 2012).   

Somatosensation has been defined as “all aspects of touch and proprioception that contribute to 

a person’s awareness of his or her body parts and the direct interface of these with objects and 

the environment” (Dunn et al., 2013). Somatosensory discrimination is essential for interaction 

with the environment. It is needed to determine important properties of objects and tools and is 

part of the perception-action cycle that is a foundation for learning and cognitive development 

(Gibson & Pick, 2000). The aspects of somatosensory discrimination that directly interface with 

objects and the environment include limb position sense - the knowledge of where one’s limbs 

are positioned in space, tactile discrimination- the ability to discriminate between different 

surface properties such as texture, and haptic object recognition- the ability to discriminate and 

identify objects through touch, often referred to as haptic ability (Dunn et al., 2013). 

Somatosensory discrimination enables identification of different textures and objects as well as 

knowledge of where our body is positioned in relation to its other parts without vision, these 

skills are crucial for every day functioning (Dunn et al., 2013).  

Somatosensation is important for motor function and gains following motor and upper limb 

interventions. Tactile sensation and limb position sense have been shown to impact the motor 

function of children with CP (Auld et al., 2012b; Smorenburg et al., 2012) and in a single-case 

study of 16 children with CP, better tactile sensation and limb position sense were associated 

with greater motor learning gains following intervention (Robert et al., 2013). Impaired tactile 

sensation and limb position sense are also predictive of functional gain post upper-limb surgery, 

with those children most severely affected unlikely to benefit functionally from procedures to 

correct deformity (Zancolli, 2003; Zancolli et al., 1983; Zancolli & Zancolli, 1984). The 

interaction between somatosensory functions and motor performance in children with HCP 

should be examined in depth, including any associations that may make identification of 

children likely to have impairment easier for clinicians. Should somatosensation prove to be 

modifiable there may be potential to improve motor function and upper limb outcomes 

following motor learning and surgical interventions.  
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The reported frequency of somatosensory impairment in children with HCP varies from 50 to 

97 percent (Majnemer et al., 2008). The varied rates may be a result of variability in methods of 

assessment or in sample selection (Auld et al., 2011). A recent clinimetric review of 

assessments for tactile impairment sought to recommend a single battery of assessments to 

cover aspects of tactile registration and tactile perception (Auld et al., 2011). The recommended 

assessments included single point localisation for tactile registration and the AsTex (Miller et 

al., 2009) tactile discrimination test, the Klingels stereognosis method (Klingels et al., 2010) 

and double simultaneous testing for tactile perception. In subsequent examination the tactile 

perception tests were found to have shortcomings such as a ceiling and learning effects. 

However, the authors suggested their use until more robust measures were available (Auld et al., 

2012c).  

Measures of limb position sense were excluded from that clinimetric review of tactile measures 

because it was outside of the scope of that work (Auld et al., 2011). However, it is an important 

aspect of somatosensory discrimination and a valid and reliable measure is needed. Historically 

measures of limb position sense  have typically involved imposed movement around the 

proximal phalanx of the index finger in the flexion-extension plane with assessment based on 

the subject’s response as to the direction of movement (Cooper et al., 1995), verbal 

confirmation of detection of movements of the index finger (Klingels et al., 2010), or replication 

of an imposed limb position with vision occluded (McLaughlin et al., 2005). While these 

assessments may be useful in determining deficits in limb position sense in children with HCP, 

the imposed movements are somewhat subjective and consequently there is a risk of 

administrator bias and responsiveness to change is unknown. 

Because of the limitations in current measurement tools it remains unclear which assessments to 

use for evaluation of somatosensory impairment. However, assessments which address the 

functional aspects of somatosensation are crucial to understanding individual somatosensory 

capacity and the impact of these impairments on a child’s upper limb function. Measures 

addressing impairment in the domains of tactile discrimination and limb position sense are 

reported in the current literature for adults (Sullivan & Hedman, 2008). Quantitative 

standardised measures that have been developed for adult stroke survivors include the Tactile 

Discrimination Test (TDT) (Carey et al., 1997), the Wrist Position Sense Test (WPST) (Carey et 

al., 1996) and the functional Tactile Object Recognition Test (fTORT) (Carey et al., 2006). 

These subtests are part of sense_assess©, an integrated method of assessment which has been 

designed to quantitatively measure somatosensory discrimination ability of the upper limb 

(Carey et al., 2011). These measures have been modified for use with children with HCP and 

combined for use in the assessment tool known as the sense_assess© kids (Taylor et al., 2017a).  

Children with HCP commonly experience somatosensory impairments which impact on the 

functional use of their affected upper-limb. Currently there is no consensus in the literature 

about the frequency and functional impact of these somatosensory impairments. A variety of 
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assessments have been reported and existing recommended tools have weaknesses. This 

research aims to characterise the frequency and nature of functional somatosensory 

discrimination in a sample of children with HCP using the sense_assess© kids (Taylor et al., 

2017a) and to describe the relationship between somatosensory impairment and motor 

performance as quantified by a measure of gross manual dexterity in this sample.  

 

2.3 Method 

Participants. Participants attended a Cerebral Palsy Mobility Service at a tertiary 

children’s hospital in Western Australia. Children were included in this study if they had HCP, 

were aged between six and 15 years and, were at least 12 weeks post their most recent 

botulinum toxin injection (if relevant) and at least 12months post any upper limb surgery at the 

time of assessment. Thirty-three children met the inclusion criteria. Three children declined, and 

30 children enrolled in the study, two of whom were unable to complete the assessment. 

Recruitment took place from May 2013 to May 2015. Data was collected as part of a larger 

registered trial, ACTRN12614000314628. This study received ethics approval from the Princess 

Margaret Hospital HREC (2052). Children were assessed in their homes by an occupational 

therapist trained in the use of the sense_assess© kids and only the most impaired hand was 

assessed. 

Outcome measures. Somatosensory discrimination. The sense_assess© kids (Taylor et 

al., 2017a) measures the following aspects of somatosensory function: tactile registration; tactile 

discrimination; haptic object recognition; and wrist position sense. Criterion validity has been 

established in the component tests of the sense_assess© in an adult population with and without 

stroke (Carey et al., 2006; Carey et al., 1996; Carey et al., 1997), each subtest has high 

reliability (r= .85 to .92) and good discriminative test properties (Carey et al., 2011). The 

sense_assess© kids test battery includes the Protective Touch Test which is a measure of touch 

registration, the ability to detect the presence of a touch stimulus at the level of protective touch 

using the Semmes Weinstein 4.56 monofilament (Weinstein, 1993). Texture discrimination is 

measured using the Tactile Discrimination Test (Carey et al., 1997). The Tactile Discrimination 

Test is a three-alternative forced choice response test where children are guided to feel several 

triplets of textures with their index finger with vision occluded, and are asked to identify the 

texture that is different in each set of three. The Tactile Discrimination is assessed on accuracy 

of identifying the different texture with the score converted to an Area Under the Curve 

threshold score- a higher score indicates better performance. The functional Tactile Object 

Recognition Test (Carey et al., 2006) measures haptic object recognition by assisting children to 

feel familiar and novel objects in a standardised manner with vision occluded and asking them 

to identify the matching object on a response poster. Haptic object recognition is assessed on 

accuracy and a higher score indicates better performance. The Wrist Position Sense Test (Carey 
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et al., 1996) is a measure of wrist position sense and children are asked to indicate on a 

protractor where their wrist has been positioned out of vision. The Wrist Position Sense test 

uses an error score based on how far away from the test position a response is and lower scores 

indicate better performance. These measures have been applied with large numbers (N= 409) 

across the lifespan and follows the expected pattern of skill development in children and adults 

(Dunn et al., 2013).  Normative data is available for the sense_assess© kids and the tool has 

demonstrated clinical acceptability for children with HCP aged 6-15 years (Taylor et al., 2017a). 

Gross manual dexterity. The Box and Block Test (Mathiowetz et al., 1985) is a brief 

standardised measure of gross manual dexterity. Participants are required to move blocks one at 

a time over a partition as quickly as they can. The number of blocks moved in one minute is 

recorded for each hand. Lower scores indicate less manual dexterity. The Box and Block Test 

has been used previously with children with CP and has high test–retest reliability for typically 

developing children and adults (r = .84; r = .96), and high concurrent validity and high interrater 

reliability (r = .99) in adults (Jongbloed-Pereboom et al., 2013).   

Procedure. Families with a child meeting the inclusion criteria were referred by their 

consultant paediatricians and invited to participate by the primary investigator (BM). An 

occupational therapist (ST) visited the child’s home to complete the assessment. The 

sense_assess© kids takes approximately 40 minutes to administer and the Box and Block Test 

takes approximately five minutes. The Manual Ability Classification System level (Eliasson et 

al., 2006) was identified by a 5 minute parent interview. 

Statistical Analysis. An analysis of variance was used to examine differences between 

age groups in our sample, given evidence that somatosensory discrimination improves with age 

in typically developing children (Taylor et al., 2016a). Impairment was defined as being outside 

the 95% confidence intervals of normative data which was obtained from 56 typically 

developing children aged 6 to 8yrs, 9 to11yrs and 12 to 15yrs (Taylor, 2015; Taylor et al., 

2017b; Taylor et al., 2016b). Frequencies of combinations of impairments were recorded. 

Pearson correlation coefficients were used to examine associations between the Tactile 

Discrimination Test and the Wrist Position Sense Test with motor performance on the Box and 

Block Test because these data were normally distributed as determined by the Shapiro-Wilke 

test (W=.97, p= .64; W= .94, p= .09; W= .95, p= .29 respectively). Spearman Rank Correlation 

was used to examine associations between the functional Tactile Object Recognition Test and 

motor performance on the Box and Block Test because the data was not normally distributed for 

the former (W= .87, p < .01). Spearman Rank Correlation was used to examine associations 

between the number of impaired somatosensory discrimination domains and performance on the 

Box and Block Test. Mann Whitney U was used to analyse the effect of manual ability 

classification level and botulinum toxin receipt on somatosensory discrimination.  
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2.4 Results 

Twenty-eight children, 16 boys and 12 girls aged 6 to 15.5 years with a mean age of 10.1 years 

(SD= 2.4) and a Manual Ability Classification System level of I (n=11) or II (n=17) participated 

in the study. Fifteen children had received botulinum toxin therapy in the past and one child had 

upper limb surgery more than 12 months prior to participation in this study. All 28 children 

completed the functional Tactile Object Recognition Test and the Wrist Position Sense Test, 27 

completed the Tactile Discrimination Test and 26 completed the Box and Blocks Test.   

 

Table 2.1 Performance of children with cerebral palsy on the Wrist Position Sense Test by age 

group, and with reference to performance in typically developing children. 

 Typically 

Developing  

(95% Confidence 

Interval of mean 

score) 

Cerebral Palsy (N = 28) 

Wrist 

Position 

Sense Test 

(average 

error score, 

in degrees) 

Lower- upper bound 

Left hand 

Poorest 

score 

Best 

score 

Median Impaired (%) 

6 to 8 yrs.  

n= 9 

12 – 18 37.0 8.9 15.5 4 of 9 (44%) 

9 to 11 yrs.   

n= 12 

9.2 – 13.2 41.0 10.2 21.0 11 of 12 (92%) 

12 to 15 yrs. 

n= 7 

9 – 12.2 31.2 7.1 19.4 5 of 7 (71%) 

Total Impairment 20 of 28 (74%) 

Note: Lower scores reflect better performance on this test. 

 

Somatosensory discrimination. Twenty-three (82%) of the 28 children presented with 

impairment in somatosensory discrimination. Age was not associated with impairment in any of 

the somatosensory domains measured by the sense_assess© kids: Wrist Position Sense Test 

(F(1,26)= 0.77, p= 0.39); functional Tactile Object Recognition Test (F(1,26) 0.31, p=0.58);  

Tactile Discrimination Test (F(1,25) 0.10,  p= 0.76); Protective Touch Test (F(1,26)= 1.07, p= 

0.31).  Twenty of the 28 children (74%) demonstrated impaired wrist position sense (see table  
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2.1). Twenty-one children demonstrated impaired haptic object recognition on the functional 

Tactile Object Recognition Test (see Table 2.2). Eighteen children demonstrated impaired 

tactile discrimination on the Tactile Discrimination Test (see Table 2.3). Six of the 28 children 

showed impairment in registering protective touch using the Protective Touch Test. In all age 

groups there were children with HCP who demonstrated performance within the range of 

typically developing children. 

 

Table 2.2 Performance of children with cerebral palsy on the functional Tactile Object 

Recognition Test by age group, and with reference to performance in typically developing 

children. 

 Typically Developing  

(95% Confidence 

Interval of mean 

score) 

Cerebral Palsy (N = 28) 

functional 

Tactile Object 

Recognition 

Test 

(summed 

accuracy score) 

Lower - upper bound 

Left hand 

Poorest 

score 

Best 

score 

Median N impaired 

(%) 

6 to 8 yrs.  

n= 9 

39- 40 3 41 34 7 of 9 (78%) 

9 to 11 yrs.   

n= 12 

39 – 41 7 39 30.5 10 of 12 

(83%) 

12 to 15 yrs. 

n= 7 

40 - 41 10 41 38 4 of 7 (57%) 

Total Impairment 21 of 28 

(75%) 

Note:  Higher scores reflect better performance. Maximum accuracy score is 42. 

  

Combinations of Somatosensory Discrimination Impairment. More than half of the 

children had impairment in three or more somatosensory domains (see Table 2.4). Impairment 

in protective touch only occurred in association with impairment across all the discriminative 

somatosensory measures.  
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Table 2.3 Performance of children with cerebral palsy on the Tactile Discrimination Test by age 

group, and with reference to performance in typically developing children. 

 Typically Developing  

(95% Confidence 

Interval of mean 

score) 

Cerebral Palsy (N= 27) 

Tactile 

Discrimination 

Test 

Lower - upper bound  

Left hand 

Poorest 

score 

Best 

score 

Median Impaired (%) 

6 to 8 yrs.  

n= 9 

27.3 – 44.9 2.2 

 

50.3 30.7 4 of 9 (44%) 

9 to 11 yrs.   

n= 12 

52.1 – 67.9 -36.6 73.6 18.8 9 of 12 (75%) 

12 to 15 yrs. 

n= 6 

64.9 – 84.1 -15.9 68.4 14.7 5 of 6 (83%) 

Total Impairment 18 of 27 

(67%) 

Note:  Higher scores reflect better performance. 

 

Somatosensory Discrimination and Motor Performance. A strong inverse 

association (r= -.57, p<.01) exists between the number of impaired somatosensory domains and 

performance on the Box and Block Test with a clear decline in median scores as the number of 

impaired somatosensory domains increases (see Table 2.4). Moderate to strong correlations 

were present between motor performance as measured by the Box and Block Test and the 

discriminative components of somatosensation in the sense_assess© kids. The Wrist Position 

Sense Test and the Tactile Discrimination Test demonstrated a moderate correlation with motor 

performance (r (24)= -0.48, p= .01) and (r (23)=0.43, p=.03) respectively, the fTORT showed a 

strong correlation with motor performance on the Box and Block Test (sr= 0.66, p= <.01).  

There was also a significant association between Manual Ability Classification Level and motor 

performance with children in MACS level I obtaining higher scores (Mdn= 36) than those in 

MACS level II (Mdn= 15) (U= 5.5, p< .01). Manual ability classification was also associated 

with limb position sense with children in MACS level I achieving lower average error scores 

(Mdn=13.2) than MACS level II (Mdn= 20.7), (Z= 2.6, p= .01). Haptic object recognition was 

similarly associated with children in MACS level I demonstrating greater accuracy (Mdn= 39) 

than MACS level II (Mdn= 29), Z= -2.4, p= .02). MACS level did not show a significant 

association with tactile discrimination or protective touch scores. There was no significant 

association with having received botulinum toxin for muscle spasticity in the past on either 

somatosensory discrimination or motor performance. 
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Table 2.4 Impairment of somatosensory discrimination across multiple domains, with the 

combinations of impaired domains presented. 

Combinations Number of 

subjects 

MACS level 

distribution 

Sensory domains affected Median (range) 

performance on 

Box and Block*  

No domains 5 MACS I= 5 

MACS II= 0 

N/A 35 (30-39) 

 

One domain 3 MACS I= 1 

MACS II= 2 

Haptic object recognition 

(2) 

Limb position sense (1) 

27 (10-42) 

Two domains 4 MACS I= 1  

MACS II= 3  

Limb position & haptic 

object recognition (2) 

Limb position & texture 

discrim (1) 

Texture discrim & haptic 

object recognition (1) 

18.5 (18-27) 

Three domains 10 MACS I= 4 

MACS II= 6  

Limb position, haptic 

object recognition and 

texture discrimination (10) 

18 (2-45) 

Four domains 6 MACS I= 0 

MACS II= 6 

Limb position, haptic 

object recognition, texture 

discrimination, protective 

touch (6). 

5.5 (2-31) 

Note: *Median and range of scores for performance on the Box and Block Test is presented for 

each combination for the impaired hand.  

 

 

2.5 Discussion 

Twenty-three (82%) of the 28 children in our sample had an impairment in one or more 

domains of somatosensory function. Not all children had impairment in all assessed 

somatosensory domains, however we did find that more than two thirds of our sample had 

impairment in two or more domains. While this frequency of somatosensory impairment alone 
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is an important finding, we also observed that higher numbers of impaired somatosensory 

domains was associated with poorer unimanual motor performance.  

The moderate to strong correlations observed between somatosensory discrimination and gross 

manual dexterity, provide evidence of the impact of somatosensory impairment on motor 

performance. This supports the findings of a study of 25 children with HCP that found a strong 

correlation between measures of tactile sensibility and an object pick-up test (Krumlinde-

Sundholm & Eliasson, 2002) and another of 15 children with HCP that found a relationship 

between tactile sensibility and fine control of fingertip force regulation (Gordon & Duff, 1999). 

Our findings are also in agreement with a study of 52 children with HCP that reported 

correlations between spatial tactile deficits and both unimanual and bimanual performance 

(Auld et al., 2012b). Collectively these studies highlight the important role of somatosensory 

functions in upper-limb performance.  

The number of somatosensory domains that were impaired was important for motor 

performance, the higher the number of impaired somatosensory domains the worse the 

performance on the Box and Block Test. Clinically this may be useful for prioritising treatment 

for children with HCP, particularly with literature suggesting outcomes and retainment of gain 

for motor learning intervention and upper-limb surgery are associated with somatosensory 

function (Robert et al., 2013; Zancolli, 2003). Investigations in the efficacy of interventions for 

somatosensory impairment and subsequent motor learning are required to confirm this. 

The frequency of impairment in somatosensation we observed using the sense_assess© kids 

with our sample of children with HCP is slightly higher but comparable with recent findings 

(Auld et al., 2012a). We measured tactile registration at the level of protective touch only and 

found that 15% of our sample had impairment which is the same as reported for protective 

touch the a study of 52 children with HCP (Auld et al., 2012a). Our finding that 67% of children 

in our study had reduced tactile discrimination ability is consistent with previous reports 

indicating it is frequently impaired (Auld et al., 2012a; Wingert et al., 2008). Using a novel 

measure of haptic object recognition, we observed impairment in 75% of our population. This 

result is similar to a study in which seven of nine children with HCP were observed to have 

impairment (Cooper et al., 1995). Our result is higher than that reported by two studies with 

larger sample sizes (Auld et al., 2012a; Yekutiel et al., 1994) however in light of a 

recommendation for a more challenging measure of haptic object recognition (Auld et al., 

2012c) their results may be underestimates. It must be acknowledged that it is also possible that 

our finding is an over-representation, due to the increased challenge of the measure.  

Wrist position sense was measured using a quantitative approach and we observed reduced 

performance in 74% of our sample. Our finding is substantially higher than other studies that 

used a less precise method of measuring limb position such as reporting direction of movement 

or position matching (Cooper et al., 1995; Van Heest et al., 1993). The higher rate observed in 
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our work most likely reflects the greater sensitivity of an interval rather than an ordinal or 

categorical measurement scale (Taylor et al., 2016b).  

The high frequency of impairment observed in our sample indicates a need for routine 

assessment of somatosensory function in children with HCP. Our finding that there is no 

association with past botulinum receipt and somatosensory discrimination impairment means 

that clinics already providing specialist comprehensive upper-limb assessment and management 

are not at an advantage in identifying children at risk of somatosensory impairment. However, 

due to its association with somatosensory discrimination impairment, MACS level may prove to 

be useful in identifying children in need of assessment and further management.   

There remains a need to determine what level of somatosensory impairment is functionally 

important. Typically developing children perform well on somatosensory tasks providing a 

narrow range of typical performance as a benchmark for impairment. However, of those 

children with HCP who qualified as having impairment, some did so by only a small margin and 

it is not known if somatosensory intervention is clinically indicated for mild impairment, or if 

conversely those children would make the greatest functional gain in such an intervention. 

Taking the broader context of the child’s performance in several somatosensory assessments 

may be worthwhile, as we found that motor function decreased with increasing numbers of 

impaired somatosensory domains.  

Currently there is only emerging evidence for interventions targeting somatosensory ability for 

children with HCP (Kuo et al., 2016; McLean et al., 2017; Smorenburg et al., 2013). There is a 

growing body of literature recommending interventions to address somatosensory impairment 

be investigated in this group of children (Auld et al., 2014; Klingels et al., 2012; Majnemer et 

al., 2008; Van de Winckel et al., 2013). It is not yet known what effect interventions may have 

on a child’s somatosensory function or subsequently on hand function. However, with what we 

know about the role of somatosensory discrimination on manual ability it is essential that we 

continue to investigate treatment options and their impact on sensation, motor function, hand 

use and occupation. To this end investigations into the impact of somatosensory discrimination 

impairment on occupational performance are also warranted. The universal use of a 

standardised somatosensory assessment battery sufficiently sensitive to evaluate change would 

greatly facilitate comparison of treatment approaches, and for this reason we continue to strive 

for such an assessment package.  

Limitations. We did not assess the unimpaired limb of the children in our sample. 

Previous work has found that over half of children with HCP also have some form of 

impairment in tactile function of the unimpaired limb, (Auld et al., 2012a). This suggests that 

the ‘unimpaired’ limb should be assessed with a view to intervention rather than providing a 

control comparison. Participants were recruited through a tertiary cerebral palsy mobility 

service via referral from the treating paediatrician. It is possible some recruitment bias is present 

resulting from paediatrician knowledge that the study was examining somatosensory 
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impairment. This may account for our slightly higher frequency of impairment in haptic ability, 

limb position sense and tactile discrimination. Consequently, the frequency of impairment in 

our sample may not be representative of the broader population of children with HCP. 

  

2.6 Conclusions 

Impaired somatosensory discrimination function is common in children with HCP, with 82% of 

our sample having impairment. A strong association was found between the number of impaired 

somatosensory domains and unimanual motor performance as well as moderate to strong 

correlations between each somatosensory discrimination domain and motor performance.  The 

knowledge that children with HCP commonly have impairments in somatosensory 

discrimination function is well established. However, the expression of these deficits and their 

influence on function is less well understood. Knowing which aspects of somatosensory 

discrimination function have the greatest impact on a child’s independent functioning and hand 

use is important in developing targeted interventions. Given the impact of somatosensation on 

manual ability, it is essential that therapists routinely assess for somatosensory impairment 

across multiple domains of somatosensory discrimination function. Interventions to improve 

somatosensory discrimination function are underrepresented in the literature and future research 

is needed. 
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Chapter 3 Improving sensation for 

children with cerebral palsy, 

what are we doing? A 

systematic review 

Chapter Preamble 

In the previous chapter we examined the frequency of somatosensory impairment for children 

with hemiplegic CP and found that 82% of our sample had impairment in one or more 

somatosensory domains. We also observed that impairment in each of the three functional 

perceptual somatosensory domains that we examined had a moderate to strong correlation with 

a child’s manual gross motor dexterity. Somatosensory impairment is a significant problem for 

children with hemiplegic CP that negatively impacts their upper limb function. 

In order to address the issue of somatosensory impairment and its impact on the upper limb 

function of children with CP, we need to know what evidence exists for interventions to guide 

our clinical decision making. In this chapter we will present a systematic review answering the 

question “What evidence exists in paediatric cerebral palsy literature for treatments to improve 

sensory discrimination?” 

I will begin by briefly defining somatosensory function and describe how sensory deficits have 

historically been treated. I will then orient you to my questions, search criteria and 

methodology. The results section will set out my findings in detail and the discussion will pave 

the way for our selected treatment path. This chapter was published as an abstract from a 

conference proceeding, it will not be published as a full paper due to the dearth of available 

literature and because it did not add to current knowledge in the presence of another review on 

the topic which was published as this work was completed. 

 

Publications- Abstract 

McLean, B., Garbellini, S., Valentine, J., Carey, L., & Elliott, C. (2014). Improving sensation 

for children with cerebral palsy, what are we doing? A systematic review. 

Developmental Medicine and Child Neurology, 56 (S2), 21. [ABSTRACT]  
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3.1 Abstract 

Authors  

B MCLEAN BSc OT Hons1&2, S GARBELLINI MHSM2, J VALENTINE FRACP 

FAFRM1&2, L CAREY PhD3, C ELLIOTT PhD1&2 

Objective: Children with CP commonly experience deficits in body sensations with a reported 

prevalence of 50-97% of children with hemiplegia having deficits that impact functional use of 

their affected upper-limb(s). The aim of this review was to find evidence for current treatments 

used to improve body sensations for children with cerebral palsy. 

Design: Systematic review   

Method: An electronic database search was undertaken in eight databases (last searched 30th of 

July 2013) including the Cochrane Central Register for Controlled Trials, Medline, Cinahl Plus 

and Embase. Two librarians were consulted to ensure the search strategy was sound. Search 

terms included “cerebral palsy” “touch perception” including stereognosis and “proprioception”. 

The search was not time limited. Only papers looking at treatment for body sensations for 

children with cerebral palsy were included. Two reviewers selected articles, assessed quality 

and extracted data.  

Results: The eight databases searched returned a total of 399 records, of which only one paper 

contained a treatment for body sensations. The one paper provided limited evidence for a 

treatment for proprioception. Initial improvements following practice of position matching tasks 

in 16 children with hemiplegic cerebral palsy were observed. However this improvement was 

not maintained at one week follow up.  

Conclusion: There is a paucity of literature looking at treatments for reduced body sensations in 

children with cerebral palsy, and no current treatments showing a retainment of improvement. 

There is growing evidence for effective treatments for reduced body sensations, such as sensory 

discrimination training, in the adult stroke literature. Reviewing evidence based practice in adult 

stroke populations and evaluating their potential for efficacy with children with cerebral palsy is 

essential. Research trialling interventions to improve impaired sensation for children with 

cerebral palsy are needed to observe whether they can positively impact on a child’s function. 

 

3.2 Background 

Sensations are how human beings receive information about their environment in order to make 

decisions relating to their interaction with that environment (Doherty & Hughes, 2009). The 

senses include vision, audition, olfaction, taste, vestibular balance and somatosensation (Carey, 

2012). Somatosensation involves the detection, discrimination and recognition of body sensations 

such as light touch, firm pressure, proprioception, texture discrimination, temperature sensation, 
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pain and itch (Carey, 2012). Somatosensory functions include limb position sense, texture 

discrimination, tactile object recognition, and prehensile calibration- accommodating for the size, 

weight and slip of an object (Majnemer, Bourbonnais, & Frak, 2008). 

Cerebral palsy (CP) is the leading cause of childhood physical disability (ACPR Group, 2013) 

and is defined by the presence of impaired motor function (Rosenbaum, Paneth, Leviton, 

Goldstein, & Bax, 2007). Children with CP commonly experience co-morbidities such as 

cognitive impairment, sensory deficits, and communication difficulties as well as other additional 

barriers to activity, participation and potentially quality of life (Rosenbaum et al., 2007). Reports 

of impaired somatosensory function in children with hemiplegic CP range between 50-97% and 

these deficits impact the functional use of their affected upper-limb(s) (Majnemer et al., 2008). 

Absent or reduced sensation can result in developmental non-use of an affected upper limb, and 

greatly reduced potential for ease, speed and efficiency of hand function (Majnemer et al., 2008). 

Despite the high incidence of somatosensory impairment current evidence suggests there are no 

interventions known to be effective in remediating deficits for children with CP (Auld, Boyd, 

Moseley, Ware, & Johnston, 2012; Majnemer et al., 2008). A recent systematic review sought to 

find interventions that were effective at improving tactile dysfunction by examining literature that 

measured sensory outcomes (Auld, Russo, Moseley, & Johnston, 2014). That work excluded limb 

position sense, an important aspect of somatosensory function. The aim of this study is to answer 

the question “what evidence exists in paediatric cerebral palsy literature for treatments that target 

somatosensory discrimination?”.  

 

3.3 Method 

This systematic review has been reported using the Preferred Reporting Items for Systematic 

Reviews and Meta-analyses: the PRISMA Statement (Moher, Liberati, Tetzlaff, & Altman, 

2009). A review protocol for this review was not registered or made publicly available. Our 

search criteria include (P) children with CP, (I) upper-limb interventions for a domain of 

discriminative somatosensation such as limb position sense and/or tactile discrimination and/or 

haptic object recognition, (C) any comparisons were acceptable, (O) outcome measures relating 

to sensation had to be employed and all (S) study designs were acceptable. 

A systematic review librarian assisted our search including assistance with search terms and 

database selection. The databases that were searched were: Medline, Embase, Cinahl Plus, 

Cochrane Central Register, Amed, Aust Health, Web of Science and Scopus. The search terms 

were Medical Subject Headings (MeSH) terms and included: cerebral palsy, touch perception, 

stereognosis and proprioception, the corresponding terms covered by the MeSH terms are 

presented in Table 3.1. Databases were last searched on the 30th of July 2013.  
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Studies were selected if they examined an intervention addressing a somatosensory function 

presented in table 1. Studies were not selected if they did not measure a somatosensory outcome 

and if the goal of intervention was to improve motor function without reference to 

somatosensation. One reviewer searched on title and abstract. For those studies that required full 

review two reviewers examined the fit with inclusion criteria. Two reviewers extracted data 

from the included study and examined the paper for risks of bias using the Standard Quality 

Assessment Criteria for Evaluating Primary Research Papers from a Variety of Fields (Kmet, 

Lee, & Cook, 2004). 

  

Table 3.1 MeSH Terms and search terms included within each heading. 

MeSH Terms 

Cerebral palsy Touch perception Proprioception 

Cerebral palsy, brain palsy, 

brain paralysis, central 

palsy, central paralysis, 

cerebral paralysis, cerebral 

paresis, encephalopathia 

infantilis, palsy, cerebral 

tactile perception, tactile 

performance, tactile sense, 

touch perception, touch 

sense, tactile discrimination, 

tactile memory, tactile 

stimulation, stereognosis, 

vibration sense 

proprioception, deep 

sensitivity discrimination, 

kinesthetic, kinesio 

perceptual test, kinesthetic 

discrimination, kinesthetic 

perception, kinetic tonic 

pattern, muscle propriocepsis 

perception, kinaesthetic 

propriocepsis, proprioceptive 

innervation, proprioceptor, 

proprioreceptor  

 

 

3.4 Results 

The search of the eight databases screened returned 399 records. 379 were excluded on title and 

abstract. Twenty remaining articles were assessed for eligibility, nine of these were duplicates 

and were removed. Of the remaining 11, eight were removed because they focussed on motor 

function (Allen & Hylton, 1997; de Sá, dos Santos, & Xavier, 2004; Dunne, Do-Lenh, O' 

Laighin, Shen, & Bonato, 2010; Harris, Spelman, & Hymer, 1974; Kerem, Livanelioglu, & 

Topcu, 2001; Nemkova, Kobrin, Sologubov, Iavorskii, & Sinel'nikova, 2000; Semenova, 1997; 

Turner, 2006), one was removed because it examined proprioception in typically developing 

children (Goble, Lewis, Hurvitz, & Brown, 2005) and one was removed because it looked at the 

role of vision in mediating limb position (Smorenburg, Ledebt, Deconinck, & Savelsbergh, 

2011). One study met the inclusion criteria (see Figure 3.1 for PRISMA results flow diagram). 

http://ovidsp.tx.ovid.com.ezproxy.library.uwa.edu.au/sp-3.11.0a/ovidweb.cgi?S=IGKLFPIDOEDDIOKJNCMKOGJCAJOMAA00&Controlled+Vocabulary=thes+encephalopathia+infantilis&
http://ovidsp.tx.ovid.com.ezproxy.library.uwa.edu.au/sp-3.11.0a/ovidweb.cgi?S=IGKLFPIDOEDDIOKJNCMKOGJCAJOMAA00&Controlled+Vocabulary=thes+encephalopathia+infantilis&
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Figure 3.1 PRISMA results flow diagram 

One study met our inclusion criteria “Practicing a matching movement with a mirror in 

individuals with spastic hemiplegia” by Smorenburg and colleagues (Smorenburg, Ledebt, 

Deconinck, & Savelsbergh, 2013). This experimental study was to determine the effect of a 

position matching task. Participants were selected from two local schools, sixteen children (13 

males) were included for data analysis. All children had spastic hemiplegic cerebral palsy and 

were aged between 10.3 and 19.3years with a Manual Ability Classification System level 

ranging from I-III (Eliasson et al., 2006). Children were randomly allocated to two groups; the 

method of allocation was not documented. The treatment was practicing matching different arm 

positions during reach with one treatment condition practicing with their less impaired upper-

limb in view as well as visual feedback from a mirrored less-impaired upper-limb and the other 

had vision of their less impaired upper-limb only and an opaque screen. Feedback was provided 

proprioceptively by moving the child to the correct position so that they could feel how that 

position should feel, verbally by being told how far away from the target position they were and 

visually with the researcher scaling their fingers to indicate the distance from the target position. 

The outcome measure was developed by the authors and psychometric properties of the tool 

were not provided. The outcome measure was designed to detect change in position matching 

ability with vision occluded. Measures were completed before practice, immediately following 

practice and one week later. No power calculations were outlined in the article and we were 

unable to perform one because no anticipated effect size was reported. Investigators attempted 

to limit the factors that would influence ability to match limb positions by ensuring that the 

children had no pain, they were at botulinum toxin-A washout, there were no visual 

impairments and no other neuromuscular disorder than CP. An immediate practice effect was 

present with no advantage between practice groups, gains were not retained one week later. The 

authors concluded that there was a positive effect on position sense found, unfortunately no 

limitations were discussed. On the Standard Quality Assessment Criteria for Evaluating Primary 

Research Papers from a Variety of Fields (Kmet et al., 2004) there was a low risk of bias in this 

phase I clinical trial.  
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3.5 Discussion 

This systematic review found only one study investigating an intervention to directly improve a 

somatosensory function, in this case proprioception, in children with CP (Smorenburg et al., 

2013). This finding is consistent with a 2014 systematic review by Auld and colleagues (Auld et 

al., 2014) who found that there were no interventions for upper extremity tactile dysfunction in 

children with CP. Auld et al (Auld et al., 2014) did not include proprioception in their search 

terms because they were interested in the motor-free aspects of tactile function, and they 

examined studies that had measured tactile dysfunction where we investigated literature 

addressing somatosensory function directly through intervention. 

Auld and colleagues systematic review also examined literature for adult neurological 

populations and recommended two intervention approaches that appear to be suitable for trial 

with children (Auld et al., 2014). These approaches include mirror therapy (Dohle et al., 2009) 

and stimulus specific/ transfer enhanced training, also known as Sense© somatosensory 

discrimination training (Carey, Macdonell, & Matyas, 2011). Mirror therapy involves a 

participant watching a mirror image of their unimpaired hand while performing movements 

with their impaired hand (Dohle et al., 2009). The theory underlying this approach is that when 

the unimpaired limb is viewed in the mirror as the impaired limb cortical activations in the 

injured hemisphere of the brain are elicited (Dohle et al., 2009). Mirror therapy has been found 

to improve surface sensibility of a hemiparetic limb in adults in the acute phase post-stroke but 

more research is required to examine treatment effects in somatosensation more closely (Dohle 

et al., 2009). Sense© somatosensory discrimination training uses principles of perceptual 

learning and learning dependant neuroplasticity to rehabilitate the ability to discriminate 

differences in tactile discrimination, object recognition and limb position sense in stroke 

survivors in the chronic phase post-stroke and transfer of these discriminations to novel tasks 

(Carey et al., 2011). Sense© uses active exploration of stimuli with vision occluded, calibration 

with vision and the unimpaired hand, anticipation trials where the participant knows what to 

expect, feedback on exploration and accuracy, repetition and progression to more difficult to 

discriminate differences (Carey et al., 2011). Transfer is enhanced through exposure to a wide 

variety of stimuli and incorporation of somatosensory cueing into functional tasks (Carey et al., 

2011).       

The one study we found in our review of paediatric literature showed an immediate treatment 

effect resulting in improved limb position sense following one practice session (Smorenburg et 

al., 2013). The authors did not observe an advantage of using a mirror to provide visual 

feedback of the less impaired upper-limb (Smorenburg et al., 2013). The intervention did utilise 

repetitive task practice and multimodal feedback, two elements that are central to Sense© 

somatosensory discrimination training which is based on principles of learning dependent neural 

plasticity and perceptual learning and also addresses proprioception, or limb position sense in 
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addition to tactile discrimination and haptic object recognition (Carey et al., 2011). Learning 

principles are an important key ingredient of motor learning approaches that have been shown to 

be effective at improving upper-limb function in children with CP (Muratori, Lamberg, Quinn, 

& Duff, 2013) and it is sensible to apply them to habilitating somatosensory function.   

Additional common elements of effective upper-limb motor interventions include being goal 

directed with goals meaningful to the child, a focus on activities rather than required movements 

and sufficient dosage to effect long term change (Sakzewski, Gordon, & Eliasson, 2014). The 

lack of maintenance of gains following the experimental intervention found in this review may 

be that it was not goal directed, focussed on the action it aimed to improve and involved only 

one treatment session. The culmination of these factors means it was unlikely that gains would 

transfer into everyday life for the participants.  

Unfortunately, there remains a lack of studies available to guide our clinical practice when it 

comes to somatosensory impairments for children with cerebral palsy. The systematic review by 

Auld and colleagues (Auld et al., 2014) suggested two promising interventions from literature 

on adult stroke survivors. It is the opinion of this research group that Sense© somatosensory 

discrimination training be a priority for investigation in a paediatric CP population because it is 

based on learning principles, emphasises transfer of skills (Carey et al., 2011) and has been 

investigated as a goal directed therapy (Mastos & Carey, 2010). Research is needed to examine 

the efficacy of targeted somatosensory interventions for this population and the impacts of these 

treatments as they emerge. 

 

3.6 Conclusion 

This systematic review found one study examining the efficacy of an intervention to improve a 

domain of somatosensation for children with hemiplegic CP. There remains a significant gap in 

the literature and no clinical recommendations for treatment can be made except perhaps that 

outcomes should be meaningful to the child. Investigation into the use of adult intervention 

Sense© somatosensory discrimination training is recommended with a paediatric population. 
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Chapter 4 Somatosensory Discrimination 

Intervention Improves Body 

Position Sense and Motor 

Performance in Children with 

Hemiplegic Cerebral Palsy 

 

Chapter Preamble 

In the previous chapter I presented the results of a systematic review in which one intervention 

was found to directly target a somatosensory impairment in children with hemiplegic CP. The 

intervention targeted body position sense and was a phase I clinical trial that did not achieve 

maintenance of gains. This is not the intervention that we will trial. An intervention with 

evidence for its effectiveness, known as Sense©, exists in adult stroke survivor literature and we 

will trial that to see if it is effective with children with developmental impairment as opposed to 

an acquired impairment. 

In this chapter I will present a matched pairs trial with random allocation which pilots Sense© 

training to improve somatosensory discrimination. This study will present outcome measures 

for goal attainment, somatosensation and motor performance with pre-and post testing as well 

as six week and six month follow-up. Follow up measures are important to observe how long 

any gains are maintained. 

First I will present a brief introduction of somatosensory impairment in children with 

hemiplegic CP and justification for trialling an intervention from a population of adult stroke 

survivors. Then I will describe the participants and the intervention they received and explore 

the findings. I then discuss the implications of these findings. 

 

This paper has been published: 

McLean, B., Taylor, S., Blair, E., Valentine, J., Carey, L., Elliott, C. (2017). Somatosensory 

discrimination intervention improves body position sense and motor performance in 

children with hemiplegic cerebral palsy. The American Journal of Occupational 

Therapy, 71(3), 7103190060p1-7103190060p9. 
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4.1 Abstract 

AUTHORS. 

Belinda McLean, Susan Taylor, Eve Blair, Jane Valentine, Leeanne Carey, Catherine Elliott. 

OBJECTIVE. 

This study examined the use of the adult neuroscience-based sense© intervention with children 

with hemiplegic cerebral palsy (HCP) to improve upper-limb somatosensory discrimination, 

motor function, and goal performance. 

METHOD. 

Seventeen children with HCP (9 boys, 8 girls; mean age = 10.2 yr) participated in this pilot 

matched-pairs trial with random allocation and 6-mo follow-up (intervention, n = 7; control, n = 

10). The intervention group received sense training 3/wk for 6 wk (18 hr). Outcome measures 

included Goal Attainment Scaling, sense_assess© Kids, and the Assisting Hand Assessment. 

RESULTS. 

The intervention group improved in goal performance, proprioception, and bimanual hand use 

and maintained improvement at 6-mo follow-up. The control group improved in occupational 

performance by 6-mo follow-up. 

CONCLUSION. 

This study established the feasibility of using the sense intervention in a pediatric setting and 

adds preliminary evidence to suggest that improving somatosensory function can improve motor 

function and goal performance among children with HCP. 

 

Trial registration: ACTRN12614000314628  

Keywords: Cerebral palsy, upper extremity, proprioception, touch, touch perception 

Implications for Occupational Therapy Practice 

This study’s findings have the following implications for occupational therapy practice: 

• The sense somatosensory discrimination intervention improves children’s body position 

sense, motor outcomes, and goal attainment, and improvements were maintained at long-

term follow-up. 

• Body position sense is modifiable and may be linked to improvements in motor outcomes. 

These findings are preliminary, and further investigation is required to confirm them. 
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4.2 Background  

Cerebral palsy (CP) is an umbrella term for motor impairment arising from a non-progressive 

insult to or malformation of the developing fetal or infant brain (Rosenbaum et al., 2007). 

Children with CP frequently have associated impairments that affect their upper-limb 

functioning, including somatosensory impairments (Rosenbaum et al., 2007). The prevalence of 

somatosensory impairments in children with hemiplegia has been reported to be more than 75% 

(Auld, Boyd, Moseley, Ware, & Johnston, 2012b; McLean et al., 2017). Impairment in tactile or 

somatosensory function has been shown to have a substantial impact on children’s motor 

function and upper-limb use (Auld, Boyd, Moseley, Ware, & Johnston, 2012a). 

Somatosensory function is defined as “all aspects of touch and proprioception that 

contribute to a person’s awareness of his or her body parts and the direct interface of these with 

objects and the environment” (Dunn et al., 2013, p. S41). Somatosensation impairments in 

children with hemiplegic cerebral palsy (HCP) are commonly reported in the domains of haptic 

object recognition (or stereognosis), limb position sense (or proprioception) and two-point 

discrimination. These impairments affect functional sensibility (Majnemer, Bourbonnais, & 

Frak, 2008). Somatosensation is necessary for fine motor function and the development of 

dexterous movement for useful hand function (Blennerhassett, Carey, & Matyas, 2006; 

Majnemer et al., 2008). It has also been suggested that impairments in somatosensation may 

result in learned nonuse of an affected hand, leading to reduced exploration of the environment, 

altered sensorimotor development of the affected hand, and impaired bimanual function 

(Majnemer et al., 2008). 

There are currently no evidence-based interventions to improve somatosensory function in 

children with neurological impairments. However, there is a growing body of evidence-based 

interventions to improve the somatosensory functioning of adults who have survived a stroke. A 

recent systematic review of interventions to improve tactile functioning recommended two 

approaches from the adult stroke literature for use with children (Auld, Russo, Moseley, & 

Johnston, 2014). One of the recommended approaches was transfer-enhanced training, known as 

sense© training, by Carey, Macdonell, and Matyas (2011). This approach is based on principles 

of perceptual learning and learning-dependent neural plasticity and is designed to improve three 

important aspects of somatosensory discrimination function: tactile discrimination, haptic object 

recognition, and limb position sense.  

In a randomized cross-over control trial, sense training was found to improve functional 

somatosensory discrimination in adult stroke survivors in the chronic phase post-stroke. Of the 

50 participants, 59% halved their deficits or better, with improvements maintained at 6-mo 

follow-up (Carey et al., 2011). The learning principles used in sense training are similar to 

motor learning principles, which have been shown to improve motor function and structural 
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neuroplastic change in children with HCP (Sterling et al., 2013). Our study sought to pilot a 

child-friendly version of sense with children with HCP. We hypothesized that the sense 

intervention would be effective in improving somatosensory discrimination, upper-limb motor 

function, and occupational goal performance of children with HCP. 

 

4.3 Method 

Participants.  

This pilot, single-blind, matched-pairs trial with random allocation recruited children with HCP 

ages 5–15 yr from a pediatric tertiary hospital in Perth, Western Australia, Australia. Children 

entered the study on a rolling recruitment basis from May 2013 to May 2015. Baseline 

assessments took place within 2 wk of each participant’s commencement of the trial. Eligibility 

criteria were a confirmed diagnosis of HCP by a pediatrician and somatosensory discrimination 

impairment as measured by the sense_assess© Kids (Taylor, McLean, et al., 2017). Children 

were ineligible if they had upper-limb surgery in the previous 12 mo. 

Children were assessed at least 12 wk after their most recent botulinum toxin therapy and 

were pair-matched for age and Manual Ability Classification System level (Eliasson et al., 

2006). Children were assessed at baseline (Time Point 1, or TP1), after 6-wks of intervention or 

control (TP2), at 6-wk follow-up (TP3), and at 6-mo follow-up (TP4; see Figure 4.1). All 

assessments were undertaken at each time point, including goal setting and subsequent scoring, 

by an assessor blinded to group allocation. With the assessor, who was trained to identify tasks 

involving obvious somatosensory cues, children and their parents set goals important to them 

that involved the upper limbs. After completing the baseline assessment, children were 

randomized to a group by a third party not involved with the study. 

 

Figure 4.1 Study design with assessment schedule. 

The treatment group received the experimental sense intervention 3/wk for 6 wk (total 

dose = 18 hr) in the child’s home or school setting. In both environments, distractions were 

removed with the assistance of the primary caregiver; in school settings, a quiet room was made 

available, and the same intervention equipment was used. Each session was 1 hr long and 

conducted by an occupational therapist trained in the sense training approach. The treatment and 
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control groups continued with their usual care through their local community provider. Families 

reported setting goals with a community occupational therapist or physiotherapist that involved 

problem-solving implementation but no formalized intervention. 

The intervention protocol closely followed that described by Carey and colleagues (2011) in 

their Study of the Effectiveness of Neurorehabilitation on Sensation (SENSe) trial, with some 

minor changes to accommodate scheduling sessions in the community setting, predominantly in 

family homes. Children were trained in only two of the three components of somatosensory 

discrimination per 1-hr session to allow time for caregiver education. The sense occupation-

based training was incorporated into this trial to facilitate children’s intrinsic motivation. The 

sense occupation-based approach to somatosensory retraining involves the application of sense 

principles in the context of valued activities identified by the participant (Mastos & Carey, 

2010). Occupational task performance is an important element of sense and involves 

emphasizing obvious somatosensory features in activities meaningful to the child, such as 

recognizing the change in texture that signals the presence of a buttonhole.  

The ability to recognize obvious sensory attributes in occupational tasks is practiced in 

component training. Component and occupational training, as applied in sense, use active 

exploration with vision occluded; feedback on performance (accuracy and method of 

exploration); calibration with vision and with the less affected hand; anticipation trials in which 

the participant knows what to expect to feel (vision occluded); and repetition and progression 

from easy to more complex tasks to distinguish differences across a wide variety of stimuli in 

tactile discrimination, haptic object recognition, and limb position sense (Carey et al., 2011). 

Tactile discrimination is trained using a variety of graded textured surfaces such as rubber, 

glass, and leather that vary from smooth to rough with different surface properties. Haptic object 

recognition is trained with graded object sets that vary in the sensory attribute of interest such as 

size, weight, or crushability. Limb position sense is trained using graded positions of the wrist 

and then elbow, starting with the largest differences (e.g., near full flexion, neutral, and near full 

extension). 

Primary Outcome.  

Goal performance was our primary outcome, measured usingGoal Attainment Scaling (GAS; 

Kiresuk, Smith, & Cardillo, 1994) and the Canadian Occupational Performance Measure 

(COPM; Law et al., 1998). A recent evidence-to-practice commentary by Novak (2014) 

recommended that clinicians use the COPM and GAS together to monitor change in parent 

coaching interventions for which the evidence base is not well developed. Our research team 

has opted to use the GAS and COPM as primary outcome measures because tools for 

somatosensation are still under development and, from an occupational therapy perspective, our 
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primary interest was whether the intervention facilitates improvements in occupational 

performance. 

Secondary Outcomes.  

Somatosensation was measured using the sense_assess Kids (Taylor, McLean, et al., 2017). The 

assessment comprises three subtests that measure functional somatosensory discrimination 

ability. The tool was developed for use with adult stroke survivors (Carey et al., 2011) and 

adapted for use with children and adolescents. Two of the three components of the sense_assess 

Kids, the functional Tactile Object Recognition Test and the Wrist Position Sense Test, were 

examined in this study; the third, tactile discrimination, was not. Tactile discrimination was 

instead measured using two alternative methods which in this pilot trial resulted in insufficient 

data for analysis.  

The functional Tactile Object Recognition Test is a standardized 14-item test of haptic 

object recognition in which children are presented with familiar and novel items out of sight and 

indicate what they are exploring using a response poster (Carey, Nankervis, LeBlanc, & Harvey, 

2006). The Wrist Position Sense Test is a measure of wrist position sense in which a child’s 

hand is moved through 20 standardized positions on a protractor scale out of the child’s sight 

(Carey, Oke, & Matyas, 1996). The child indicates where the hand is pointing using a second 

protractor scale positioned in view immediately above the occluded hand. Psychometric testing 

continues, but reliability for the Wrist Position Sense Test has been determined for typically 

developing children using the Bland–Altman method (Bland & Altman, 2010). Using the 

Bland–Altman method, Taylor, Parsons, et al. (2017) determined there were no consistent 

differences between time points, indicating the measure’s reliability. The sense_assess Kids has 

normative standards for typically developing children ages 6–15 yr and has demonstrated 

construct validity and clinical acceptability for children with CP ages 6–15 yr (Taylor et al., 

2015; Taylor, McLean, et al., 2017). 

Motor performance was measured using the Assisting Hand Assessment (AHA; Krumlinde-

Sundholm & Eliasson, 2003) and the Box and Block Test (B&B Test; Mathiowetz, Federman, 

& Wiemer, 1985). The AHA is a measure of how a child with HCP uses the more impaired 

hand in bimanual activities (Krumlinde-Sundholm & Eliasson, 2003). It has good construct 

validity and excellent test–retest reliability (.99), and it is responsive to change when used to 

assess children ages 18 mo–18 yr (Holmefur, Aarts, Hoare, & Krumlinde-Sundholm, 2009). The 

AHA is conducted as a play session and is video recorded for scoring at a later time. The B&B 

Test (Mathiowetz et al., 1985) measures gross manual dexterity and unimanual capacity. In the 

test administration, a child is seated in front of a wooden box that has a central partition with 

blocks on the same side as the hand to be tested. Children are instructed to move as many blocks 

as they can, one at a time, in 1 min from one side of the partition to the other, ensuring that their 
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fingertips pass over the partition. The B&B Test is a valid, reliable measure commonly used in 

intervention studies of children with CP (Platz et al., 2005). The AHA and B&B Test were 

selected to observe for changes in motor performance after the sense intervention. 

Statistical Analysis 

Because of the small number of participants and variability in baseline scores, raw scores were 

converted to individual change scores by subtracting the baseline score from each time point 

score. The Mann–Whitney U rank-sum test (Portney & Watkins, 2009, p. 508) was used to 

determine the presence of between-groups differences in individual change scores for each 

measure. Friedman 2 repeated-measures analysis (Portney & Watkins, 2009, p. 517) was used 

to identify the statistical significance of within-group differences, and the Wilcoxon signed-rank 

test (Portney & Watkins, 2009, p. 513) was used to find the direction of any identified 

differences. Effect size is reported using r to describe a small (.10), medium (.30), or large 

(.50) effect (Cohen, 1992). 

 

4.4 Results 

Seventeen children ages 6–15.5 yr were recruited for this study. Children were randomly 

allocated to the control (n = 10) or intervention (n = 7) group. The treatment group had fewer 

children as a result of the randomization process. We were not able to recruit suitable matches 

for each participant for the matched-pair design before cessation of this preliminary 

investigation. See Figure 4.2 for recruitment flowchart. 

Goal Performance 

Goals in both groups were similar and included using a knife and fork, doing up buttons or a 

zipper, putting hair in a ponytail, and throwing and catching a ball. The somatosensory cues 

important to successful completion of each of these activities can be readily observed by a 

trained clinician. During the intervention, obvious somatosensory cues related to limb position, 

texture differences, and identifying when the hand was in contact with objects important for task 

performance were graded and emphasized for each task. 

Goal Attainment Scaling. Significant between-groups differences existed that favored the 

intervention group on GAS at TP2 (r = .79, p < .01) and TP3 (r = .58, p = .02) but were not 

present at TP4. Within-group differences existed in both the intervention and the control groups 

from TP1 to all subsequent time points, with a greater magnitude of change in the intervention 

group (see Table 4.1). At TP2, the intervention group had achieved 12 of their 14 (86%) goals, 

and the control group had achieved 4 of their 20 (20%) goals, an expected or greater than 
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expected outcome. The intervention group maintained their goals, and the control group 

achieved 10 of their goals (50%) at TP4.  

 

Figure 4.2 Recruitment Flow Chart 

Canadian Occupational Performance Measure. Similar between-groups and within-group 

differences were observed in COPM performance (see Table 4.1). Groups differed on COPM 

satisfaction, in that between-group differences existed only at TP2 (r= .5, p = .04). 

Somatosensory Discrimination 

No significant between-groups differences were found across time points on the Wrist Position 

Sense Test. The intervention group had within-group differences indicating that improvements 

were maintained at TP4. No differences were found across time points for the control group (see 

Table 4.1). There were no significant between-groups differences across time points for the 

functional Tactile Object Recognition Test, but there was a significant within-group difference  
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Table 4.1 Within-Group Comparisons of Median Change Between Baseline and Each Time 

Point on Selected Outcome Measures 

Group and Result Type Baseline (TP1) TP 2 TP 3 TP 4 

GAS 

Control     

 Mdn 0 4.56 9.3 24.81 

 r  .479 .53 .597 

 p  .042* .018** .011** 

Intervention     

  Mdn 0 37.2 37.2 37.2 

 r  .638 .634 .638 

 p  .017** .018** .017** 

COPM Performance 

Control     

  Mdn 0 0.7 1.3 3.0 

 r  .254 .547 .557 

 p  .256 .014** .013** 

Intervention     

  Mdn 0 4.6 3.5 3.4 

 r  .632 .634 .635 

 p  .018** .018** .018** 

Sense_assess Kids WPST 

Control     

  Mdn 0 2.3 −0.2 1.5 

 r  .199 .125 .285 

 p  .374 .575 .203 

Intervention     

  Mdn 0 4.45 6.45 7.7 

 r  .632 .41 .632 

 p  .018** .128 .018** 

AHA 

Control     

  Mdn 0 −1.0 2.0 2.5 

 r  .040 .205 .146 

 p  .859 .358 .515 

Intervention     

  Mdn 0 4.0 14.0 18.0 

 r  .588 .587 .587 

 p  .028* .028* .028* 

Note. r  .10 indicates a small effect size;  .30, a medium effect size; and  .50, a large effect size. AHA 

= Assisting Hand Assessment; GAS = Goal Attainment Scaling; COPM = Canadian Occupational 

Performance Measure; Mdn = median; TP = time point; WPST = Wrist Position Sense Test. 

*p < .05. **p < .02. 

 

for the intervention group at TP2 (median [Mdn] = 2, r = .54, p = .04) and the control group at 

TP3 (Mdn = 3, r = .47, p = .04). 

Motor Performance 

No significant between-groups differences were found across time points for the AHA, but the 

intervention group had within-group differences that indicated improvements were maintained 

at TP4 (see Table 4.1). No significant differences were found across time points for the control 
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group. For the B&B Test, there were no significant between-groups differences across time 

points, but there was a significant within-group difference for the intervention group at TP3 

(Mdn = 3, r = .64, p = .02) and TP4 (Mdn = 6, r = .59, p = .03) and for the control group at TP3 

(Mdn = 1.5, r = .54, p = .02) and TP4 (Mdn = 4, r = .60, p = .01). 

 

4.5 Discussion 

This study was an early investigation of a somatosensory discrimination intervention for 

children with HCP that used an established intervention protocol from another clinical group 

that was modified by this research team for use with children with HCP. Improvements were 

observed in the children’s somatosensory discrimination, motor performance, and goal 

attainment. 

Goal performance can be improved using a somatosensory discrimination approach. 

Children in our intervention group showed improvement on their goals immediately 

postintervention; they achieved an expected or greater than expected outcome on 86% of their 

GAS goals and maintained these improvements at the 6-mo follow-up. Children in the control 

group achieved an expected or greater than expected outcome on 20% of their goals 

immediately after the control period, increasing to 50% at the 6-mo follow-up. The act of goal 

setting can motivate self-action, particularly when goals are chosen by the person and described 

in detail (Locke & Latham, 2002). Goal setting alone has been found to direct attention to 

activities that will support the achievement of goals important to the person (Locke & Latham, 

2006). This mechanism may account for some of the goal attainment observed in our control 

group.  

In addition to self-selecting important goals, our intervention group had structured 

opportunity for practice with feedback and opportunities to enhance their sense of self-efficacy 

by demonstrating new skills to family members, which is also important for goal progress 

(Locke & Latham, 2002). The greater magnitude of and immediate response with maintenance 

of gains observed in the intervention group suggests that the intervention facilitated 

improvement. The improvement observed in the control group was smaller, but gains were still 

observed at long-term follow-up and may be explained by increased attention to important self-

selected goals. 

It is possible to improve and maintain improvement in limb position sense after sense 

discrimination training. We found that limb position sense improved in the intervention group 

and was maintained at 6-mo follow-up. This improvement involved reduced variability and a 

steady improvement in the group median over time. A previous study showed that body position 

sense can be improved in the short term by practicing a matching task, but the improvement was 

not maintained at 1-wk follow-up (Smorenburg, Ledebt, Deconinck, & Savelsbergh, 2013). In 
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this single practice session, integrating limb position sense with a meaningful activity was not 

considered, nor did the session meet the intensity requirements expected to effect lasting change 

(Sakzewski, Provan, Ziviani, & Boyd, 2015). Our approach to improving limb position sense 

was intensive and multimodal, and it involved calibration with and without vision and 

incorporated obvious limb position cues into children’s goal performance. The variety and 

intensity of practice paired with the structured focus on somatosensory discrimination may be 

the important difference in our approach. 

The intervention group demonstrated a statistically significant improvement in median 

object recognition score and reduced within-subject variability immediately postintervention 

that was not maintained at 6-wk follow-up. The control group demonstrated a statistically 

significant improvement in haptic object recognition between baseline and the 6-wk follow-up 

measure that did not replicate the reduced variability of the treatment group and was not 

maintained. A recent study by Kuo and colleagues (2016) found improvement in tactile 

outcomes after 82 hr of Hand Arm Intensive Bimanual Training with an additional 8 hr of 

somatosensory discrimination tasks with objects and shapes. They found that both their 

treatment (structured tactile tasks, vision occluded) and control (unstructured handling of tactile 

items, with vision) groups improved on tactile measures, and the authors suggested that the 

mechanism behind these changes could have been the intensive bimanual training alone or the 

incorporation of a diverse range of shapes and textures. No follow-up data were presented. The 

variability in our groups meant that we also had no between-groups differences, and whether the 

changes in the control group were the result of a learning effect is unclear. However, the 

absence of a reduction in variability suggests this is not the case, and the agent responsible for 

the change requires further investigation. 

The sense somatosensory discrimination intervention was associated with an improvement 

in motor function. Although there were no significant between-groups differences on the AHA, 

our intervention group demonstrated improvements immediately postintervention that were 

maintained at 6-mo follow-up, and our control group showed no change over time. Our data 

suggest that improvements in limb position sense may contribute to improved motor 

performance because the results on our measure of limb position sense mirrored the AHA 

results.  

Kuo et al. (2016) demonstrated improved motor performance on the AHA as well, but 

improvement was observed in both treatment conditions, and the authors determined that 

whether the tactile training contributed to improvements in motor performance was not clear 

(Kuo et al., 2016). We did not see the same improvement on the B&B Test as we did on the 

AHA, and both the intervention and the control groups made modest improvements over time. 

The differences observed between these assessments may be due to differences in the focus of 

measurement; the AHA measures how the more affected hand is used in bimanual tasks, and the 
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B&B Test solely measures unimanual performance. An important direction for future study will 

be to understand the elements of somatosensation that most contribute to gains in motor 

function. This study suggests that limb position sense is modifiable and plays an important role 

in upper-limb use of children with HCP. 

Individual variation was observed in both the treatment and the control groups and may 

have contributed to the absence of statistically significant between-groups change. Variability 

such as we observed has been reported in studies examining intensive interventions for the 

upper limb (Eliasson, Krumlinde-Sundholm, Shaw, & Wang, 2005; Hoare et al., 2013; James, 

Ziviani, Ware, & Boyd, 2015; Sakzewski, Ziviani, & Boyd, 2011). In these examples, the 

effectiveness of the intervention was confirmed by within-group analysis while acknowledging 

the presence of variance. As recommended in a systematic review of upper-limb interventions 

for children with HCP, it is crucial that future studies examine child characteristics such as 

severity of impairment, side of hemiplegia, motivation, cognition, and cortical sensorimotor 

reorganization for their contribution to treatment outcome (Sakzewski, Gordon, & Eliasson, 

2014). 

Limitations 

This preliminary investigation of sense training with children considered a very small sample. 

To accommodate this sample size, individual differences were investigated, and nonparametric 

statistics were used. Goal attainment and occupational performance were the primary outcomes 

considered because there is no gold-standard measure of somatosensation in children with CP. 

We consider the results of this study to be preliminary, and they should be used to orient the 

direction of future work. It is possible that this intervention did not meet adequate dosage 

requirements. Children in the intervention group received 18 hr of intervention in contrast to 

motor learning approaches, which demonstrate change with doses ranging from 30 to 60 hr. 

Whether higher doses are required for a somatosensory approach is not yet known. Larger 

samples and systematic manipulation of factors such as dosage are required. 

 

4.6 Conclusion 

This is the first pediatric trial of a novel somatosensory discrimination intervention with 

demonstrated efficacy in adult stroke survivors, and it provides evidence of feasibility and 

potential efficacy in children with HCP. Using a small pilot sample, we observed that it is 

possible to improve limb position sense, motor performance, and attainment of occupational 

goals and maintain improvements at 6-mo follow-up. Building on the knowledge that 

somatosensation is important for motor function, we provide preliminary evidence to suggest 

that improving somatosensory function can improve motor and goal performance outcomes for 
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children with HCP. Occupational therapists are encouraged to consider using evidence-based 

approaches to improving somatosensory function to help children with HCP achieve their 

functional goals. Our findings suggest that applying the sense approach is feasible, but its use 

would need to be closely monitored until further high-level evidence is available. 
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Chapter 5 Experience of engagement in 

a somatosensory 

discrimination intervention for 

children with cerebral palsy: a 

qualitative investigation 

Chapter Preamble 

In the last chapter I presented the findings of a pilot study of Sense© training used with children 

with hemiplegic CP. I showed that Sense© training improved body position sense, goal 

attainment and motor performance with maintenance at six months’ follow-up. This is a very 

important finding and the first time in a paediatric CP population that an intervention targeting 

somatosensory impairment has shown improvement alongside functional gain. 

In this chapter I will present the findings of a qualitative study investigating the aspects of the 

Sense© intervention that were engaging for children and their families. This is particularly 

important because Sense© training was developed for an adult population and it is important to 

examine its appropriateness for a paediatric population. To find out how engaging Sense 

training was for children, we asked children who had taken part in the intervention and their 

parents. 

First, I will discuss the importance of obtaining the perspective of participants when trialling a 

new intervention. Then I will introduce the qualitative methods and the framework used, the 

Synthesis of Child, Occupational Performance- In Time (SCOPE-IT). The results are presented 

within the domains of the SCOPE-IT model and the significance of key themes are discussed. 

 

Publications- Abstract 

McLean, B., Girdler, S., Taylor, S., Valentine, J., Carey, L., & Elliott, C. (2018). Experience of 

Engagement in a Somatosensory Discrimination Intervention for Children with Hemiplegic 

Cerebral Palsy: A Qualitative Investigation. Developmental Neurorehabilitation. DOI: 

10.1080/17518423.2018.1503620. 
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5.1 Abstract 

Authors: Ms Belinda McLean, A/Prof Sonya Girdler, Dr Susan Taylor, Dr Jane Valentine, Prof 

Leeanne Carey, Prof Catherine Elliott 

 

Background: To successfully modify an intervention from an adult population for use with 

children with CP it is important to understand the components that support a child’s motivation 

and engagement.  

Aim: This qualitative study aimed to investigate the elements of a novel intervention that were 

engaging for children and parents.   

Method: Ten children who had participated in the SENSe for Kids intervention (mean age= 

11yrs 2 m (SD= 2 yrs); 4 males; MACS level I=1, II=9) and their primary caregivers (N=11, 10 

females) were interviewed. Semi structured interviews were audio recorded and transcribed 

verbatim. Transcripts were analysed using framework analysis in NVIVO 10. Framework 

analysis using the Synthesis of Child, Occupational Performance and Environment in Time 

(SCOPE-IT) model was employed. 

Results: Key themes were identified in the core domains of the SCOPE-IT model. Child factors: 

(i) no physical restrictions were experienced; (ii) children’s somatosensory discrimination 

ability improved; (iii) somatosensation is invisible and parents were not aware it could 

contribute to their child’s hand-use; (iv) some children were confident in themselves at the 

outset and some experienced an improvement; (v) the intervention was developmentally 

appropriate. Motivation factors: (i) incorporating the child’s own goals is important; (ii) real-

world gains are important; (iii) subcomponent training was frustrating and rewarding for some; 

(iv) parents were not involved in the intervention; (v) structured interventions with a clear 

purpose support parents’ confidence in therapists; (vi) therapist rapport with the whole family is 

important and reduces the burden of therapy in the home; (vii) what we are doing makes sense; 

(viii) parents had few expectations of the intervention in the beginning. The key themes in 

Environmental factors included (i) the frequency of the intervention was workable for families; 

(ii) home or school-based sessions were preferred over clinic-based; (iii) parents are interested 

in having more involvement in the intervention, (iv) impact on family routines was workable 

because they knew the commitment upfront. 

Conclusion: Using the SCOPE-IT model we identified that the most engaging element for 

children was the attainment of their self-selected goals. Opportunities to modify the intervention 

for improved Family-centeredness were identified. 
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5.2 Background 

Cerebral palsy (CP) is the most common childhood physical disability, affecting 

approximately 2.1 per 1000 live births.1 CP is an umbrella term for a range of aetiologies 

characterised by motor impairment arising from insult or injury to the developing foetal or 

infant brain. Comorbidities such as impairments in sensory function, cognition and 

communication ability are common.2 Hemiplegia, a pattern of motor impairment affecting one 

side of the body, is the most frequently occurring distribution in children and youth with CP.3 

Between 50-90% of children with hemiplegia experience impairment in somatosensory 

discrimination function.4 Impairment in somatosensory discrimination function has been found 

to contribute significantly to motor impairment and impact bimanual hand use.5  

Somatosensory discrimination has been defined as “all aspects of touch and 

proprioception that contribute to a person’s awareness of his or her body parts and the direct 

interface of these with objects and the environment” p. S41.6 Key domains of somatosensation 

include haptic object recognition, tactile discrimination and body position sense.6 Recognition 

and identification of important sensory cues relating to objects, textures and body positions 

inform manual tasks including prehensile calibration, correct object orientation for use and 

spontaneous bimanual hand use.4 Despite the importance of somatosensory discrimination for 

hand function, current interventions for children and youth with CP are exclusively oriented 

towards improving motor function. While motor learning approaches have been found to be 

successful for some children in improving upper limb function, there is limited understanding of 

the functional profiles of those children likely to respond well to these interventions.7 The high 

prevalence of somatosensory discrimination impairments and recognition of the importance of 

somatosensory function for hand use has generated increasing interest in interventions aimed at 

remediating these deficits in children with hemiplegic CP.8-10  

One of these emerging interventions is the Sense© somatosensory discrimination 

training. Sense© is an intervention approach which has been found to be effective in improving 

somatosensory discrimination and hand function in adults following a stroke.11-14  In a sample of 

adult stroke survivors (N=50), a median of 48 weeks post-stroke, Sense© training resulted in 

69% of participants, achieving a 50% reduction or better in their somatosensory impairment at 

six-month follow-up.11 Sense© uses principles of perceptual learning and learning dependent 

neural plasticity to improve the ability to discriminate the salient sensory properties of objects 

(weight, shape, size, temperature), texture (roughness, contour, spatial cues) and body position 

sense of the upper limb.11 The training principles include active exploration of stimuli with 

vision occluded, feedback on performance and method of exploration, internal calibration of 

impaired sensation using the less impaired hand (intra-modal) and vision (cross-modal), 

deliberate anticipation trials where the participant knows what to expect to feel, repetition, and 

progression from easy to more challenging to discriminate attributes.11 Sense© training was 
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trialled with children with hemiplegic CP using the principles and techniques of training 

underpinned by findings from randomised control trial research conducted with adult stroke 

populations.11 These principles were also incorporated into occupational tasks relevant to 

children with CP, with the goal of increasing sensory discrimination abilities during everyday 

tasks.14 Pilot work for Sense© with children demonstrated improvement in body position sense, 

goal attainment and bimanual hand use in the intervention group.10 However, little is known 

about whether Sense© is sufficiently engaging from the child consumer perspective. 

Qualitative study designs can add rigor and improve the efficacy of therapeutic 

interventions when undertaken at the pretrial stage.15 Qualitative studies are particularly useful 

in refining interventions, evaluating their delivery and understanding which aspects of an 

intervention need to be reduced or emphasised.16 Given the Sense© intervention was originally 

developed for an adult stroke population, it was important to explore its suitability, from a 

motivation perspective, for children. Engagement of children in an intervention is essential in 

fostering the attention and effort required for learning.17 Children differ from adults in regard to 

their referral pathways to therapy, given they are rarely initiators of their referral,18 being 

commonly referred by their treating physician or parents for goals that may not be personally 

meaningful.18 This may negatively impact on their motivation to engage with and focus on an 

intervention. Attention is an essential ingredient in directing an individual’s awareness towards 

somatosensory stimuli, encouraging a focus on task context and ultimately, facilitating 

improvements in functioning and consolidation of learning.19 Maximising the effect of 

therapeutic interventions relies on children focussing their attention on the task at hand, an 

outcome facilitated when children are highly engaged and invested in the therapeutic goals.18 It 

was essential to undertake qualitative exploration of children’s engagement with Sense© at the 

pilot stage to enable participant experience to inform the development of the intervention before 

further investigations were undertaken.  

Given the paucity of literature in this area a framework was selected to examine 

engagement in the Sense© intervention and guide discussions with children. The Synthesis of 

Child, Occupational Performance and Environment-In Time (SCOPE-IT)17 is a model of 

engagement informed by Self Determination Theory20 and the International Classification of 

Functioning, Disability and Health.21 Children’s motivation for activity engagement and 

occupational performance is at the centre of the SCOPE-IT model. The model is depicted in the 

form of a watch (see Figure 5.1), highlighting the temporal aspects of activity engagement.17 

Child factors are presented on the left portion of the watch band and are concerned with 

developmental, physical and psychological aspects of the child.17 Motivation is at the centre of 

the SCOPE-IT model and is comprised of the “ARC” of psychological needs, autonomy, 

relatedness and competence.17 The meeting of these three psychological needs underpins 

children’s intrinsic motivation to engage in therapeutic activities due to their personal meaning, 

importance and attainability.17 Finally, the environment is to the right of the band and is 
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concerned with the physical, sociocultural and temporal environment.17 SCOPE-IT aims to 

focus the therapists’ attention on the aspects of occupational performance that will drive 

intrinsic progress for a child in context of individual and environmental influences that 

potentially support or thwart the motivation and engagement of a child in therapeutic 

activities.17 This study aimed to identify and understand the elements in Sense© somatosensory 

discrimination training that supported the engagement in children with unilateral CP in the 

intervention.  This understanding was informed by the SCOPE-IT model. 

 

 

Figure 5.1  The Synthesis of Child, Occupational Performance and Environment In Time model, 

Ziviani, Poulsen and Cuskelly, 2012. Reproduced with permission of the Licensor through 

PLSclear. 

5.3 Methods 

This qualitative study was conducted as a follow-up of a feasibility randomised control 

trial of the Sense© intervention with children with hemiplegic CP.10 The Sense© intervention 

was delivered by an occupational therapist in children’s homes or school for an hour, three 

times a week over a six-week period. Sessions involved training in two or three of the 

following: subcomponent discrimination training in limb position sense, such as learning to 

discriminate between near full flexion, neutral and near full extension; tactile discrimination, for 

example learning to discriminate between rough and smooth textured rubber, glass and 

sandpaper; or haptic object recognition, for example learning to discriminate between a soft 

crushable plastic cup and a glass; and/ or incorporating somatosensory cues learned in 

subcomponent training into an occupational task meaningful to the child, for example locating a 

button by feel.10 All children who had taken part in the intervention (N=12), including children 

from the control group who were later offered the intervention (n= 5), and their parents were 

purposively recruited to gain their perspectives of the intervention. Ten children and 12 of their 

parent(s) agreed to participate in a focus group or individual interview (if they were unable to 

attend the focus group). Of the two families who did not participate one reported that they lived 

too far away to attend and the other was not contactable. Children and their parents had separate 

focus groups. Families who could not attend the focus group were invited to participate in an 

interview. Participants were provided with an information sheet outlining the purpose and 
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procedures of the study and given the opportunity to question the investigators prior to 

commencing the focus group or interview.  

The interview was designed to identify engaging elements of the intervention from the 

participant’s perspective. The SCOPE-IT model17 informed the development of a semi-

structured interview guide aiming to identify aspects of the Sense© intervention that were 

engaging for children and their families. The interview guide was piloted and modified prior to 

the interviews. Interviewers in the focus groups were occupational therapists with extensive 

clinical and research experience. Individual parent interviews were performed by an 

occupational therapist who co-facilitated at the parent focus groups and the child interviews 

were conducted by an occupational therapy honours student who co-facilitated the child focus 

groups. The occupational therapy honours student was involved in developing the semi-

structured interview and prompts guide, with training and support from occupational therapists 

with a combined 45 years of experience in clinical and research interviewing. Interviewers were 

not involved in the intervention and interviews were audio recorded and transcribed verbatim. 

At the completion of each interview and focus group an immediate summary was provided to 

participants. During framework analysis key themes emerged and participants were contacted 

for their agreement on findings by a member of the team not involved with the intervention.  

Strategies employed to address the four pillars of trustworthiness are detailed in Table 5.1.  

 

Table 5.1 Description of methods to achieve trustworthiness. 

Method  Credibility Transferability Dependability Confirmability 

Participants were free to 

withdraw at any time and were 

invited to speak honestly (22) 

x    

Triangulation using a semi-

structured interview guide, child 

and parent interview, same 

interviewers in all interviews (22, 

23) 

x  x x 

Interviewers were independent 

from the intervention, two 

investigators reached agreement 

on coding of responses (22) 

x  x x 

Interviews were recorded and 

transcribed verbatim (22) 

x    
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Member checks with participants 

on the day of interview to 

confirm intended meaning was 

captured and later of overall 

findings/ key themes (22, 24) 

x   x 

Detailed description of methods 

and context (22, 25) 

x x  x 

Framework analysis (22)   x x 

  

This study was approved by the Perth Children’s Hospital Human Research Ethics 

Committee (#2052) and pseudonyms have been used in this publication. 

Data analysis 

Interview transcripts were analysed using directed framework analysis.26 Guided by 

SCOPE-IT participant responses were coded (BM) as pertaining to the child, the environment or 

motivation. Content within each section were coded into sub components of each broad 

category: child- physical, psychological, temporal; environment- physical, temporal, 

psychosocial; motivation- autonomy, relatedness, competence.17 For each of these sub-

components of the model key themes emerged and are detailed in the results section. Initial 

coding was completed by the first author and was reviewed by two additional researchers to 

confirm credibility of results. Any disagreement between researchers was resolved through 

discussion.25 NVivo 10 Software (QRS International Pty Ltd, Burlington, MA) was used to 

manage and code transcripts. 

 

5.4 Results 

Ten children with CP and 12 parents took part in this study. At the time of interview 

children were aged from 8 years to 14 years and 4 months (M 11.1yrs; SD 2.0yrs), see table 5.2 

for participant description including manual ability classification levels (MACS).27 In total, 

there were 16 transcripts including children and their parents who were interviewed separately. 

Three of the 10 families took part in a focus group generating one transcript for the children’s 

group (n= 3) and one transcript for the parents group (n= 4). Seven families took part in 

individual interviews resulting in seven transcripts from children (n= 7) and seven transcripts 

from parents (n=8). Parent interviews ran for one hour and child interviews ran for 45 minutes. 

Participants were interviewed a median time of nine months (range= 1 month - 1 year 8 months) 

post cessation of intervention. 
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Table 5.2 Participant description 

Characteristics n 

Gender 

Male 

Female 

 

6 

4 

Side of hemiplegia 

Right 

Left 

 

6 

4 

Manual Ability Classification  

Level I 

Level II 

 

1 

9 

Parent participation 

One parent 

Both parents 

 

8 

2 

 

The key themes that emerged from framework analysis of the interviews are presented 

under the headings and subheadings of the SCOPE-IT model. Child and parent perspectives are 

presented separately. Pseudonyms are used and direct quotes are presented in italics. See Table 

2 for an overview of key themes that emerged from the SCOPE-IT framework. 

 

Child Factors: 

Physical:  

No physical barriers were experienced: Neither children or parents reported any 

physical restrictions that limited their ability to take part in the intervention.  

Children’s somatosensory discrimination ability improved: Children reported that 

following the intervention they “could feel different surfaces and different temperatures” and 

could better sense the position of their upper-limb. Children reported an ability to “hold things 

easier” and “feel things easier”, changes they felt resulted from “listen[ing] to [their hand] 

more” and “know[ing] what it’s doing a little bit more because [they could] feel better, feel it 

moving”. Children also described “automatically” using their hand and using it “more often”. 

Parents described their children “spontaneously … using [their hand] without thinking about it” 

as opposed to “consciously thinking Oh! I need to use my hand”. Parents described a “waking 

up” of their child’s affected hand, “making that [affected] hand more aware” developing a 

greater awareness of their impaired upper-limb and increasing automaticity of its use. 

    

“So before I started it was basically like a dead limb for me, I couldn’t use it, then 

afterwards I found I was able to hold things easier, feel things easier and it was 

just, it didn’t feel like I was being held back as much.” Karen, 10yrs old 
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“What I think is really positive is that it’s not an awareness that’s making her use 

her left hand, she’s using it without thinking about it” Daisy’s mum 

 

Somatosensation is invisible and parents were not aware it could contribute to their 

child’s hand-use: Parents reported that they “were unaware” and “had never really thought 

about” how sensation might contribute to their child’s non-use of their affected hand, “that even 

though [their child’s] arm was weak it still had sensation in it”. Parents also described that the 

goal of all previous interventions they had received was the development of “motor skills”. 

Parents reported the intervention “opened [their] eyes up” to what their child could and could 

not “actually [feel] with [their] hand” having previously “thought [sensation in the affected 

hand] was about the same [as the other hand]”. Parent’s described sensation as “fascinating 

because we don’t think about it we just feel” and this meant that once the intervention had 

stopped sensation was “not really something that [was] talk[ed] about or discuss[ed]”. 

 

Psychological:  

Some children were confident in themselves at the outset, while others experienced an 

improvement: Some children described themselves as “confident no matter what” from the 

outset of the intervention while other children believed that the intervention “gave them a 

change in [their] confidence to do well” in their chosen activities. Parents’ agreed with some 

reporting that their children had “self-esteem by the bucketful” prior to commencing the 

intervention, while others reported their child became “so much more confident” “especially in 

[their] sporting skills” such as “cricket” and “basketball” and were “less apprehensive about 

trying something new or difficult” following the intervention.  

 

Temporal:  

The intervention was developmentally appropriate: Children reported that the “timing” 

of the Sense© intervention was “good” and developmentally appropriate. Some children 

reported that the intervention would need to be “toned down” for younger children around the 

age of five, “the wrist position might be a bit too hard, the straps and the toggles” and suggested 

keeping to “simple tasks” like “feeling stuff when stuff’s in your hand”. Others reported that it 

could be good if “younger kids do [the intervention]” because “it might help them get better 

sensation when they are little” with the further suggestion that if they “then re-did [the 

intervention] when [they] turned ten” that could also be useful.   

 

Motivation 

Autonomy (I have choices):  

Incorporating the child’s own goals was important: Children enjoyed many aspects of 

the activity based training, but especially those activities that “were [their] choice” including 
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“plaiting and doing [their] hair”, “cut[ting] up steak”, “eating with a knife and fork”, “doing up 

buttons”, “zipping up [a] jacket”, “catching a ball with two hands”, “playing handball [a 

football]” and “stabilising a bowl” during cooking. Parents described incorporating the child's 

own goals and interests into the intervention as an important aspect that supported their child’s 

interest. 

 

Competence (I can do this):  

Real-world gains were important: Children talked at length about achieving their 

intervention goals, expressing pride at their increasing independence, “My mum usually has to 

cut [my food], but now she doesn’t”.  Children excitedly expressed the benefits their improved 

functioning in their everyday lives, “I can now get changed for sport … as fast as my friends 

can so I’m not left behind, and I’m not the last one left in the change room”. Children 

unanimously reported that attaining these goals was important to them, describing the transfer 

of the skills they had learnt during the Sense© training to many other areas of their lives:  

“holding [a] tennis racquet in two hands”, “holding the paper better while I cut with scissors”, 

“zipping up my jacket”, “I can hit a ball with my [affected] hand, catch it and stuff”, “picking 

up an apple”, “getting dressed”, “packing up toys”. All children reported that they used their 

affected hand more following the intervention.  

Parents also observed their children’s increased independence, reporting that while 

previously they “always use [their non-affected] other hand” they now used both of their hands. 

Parents also noted that their children’s motivation improved when they “started to see the 

progress [they] started to… see that there [was] a reason for doing [the intervention]”.  Parents 

unanimously attributed their children’s improved functioning to their participation in the 

intervention observing the generalisation of the skills taught to many other activities:  “both 

arms were pumping as [they] were running which doesn’t normally happen… the [affected] arm 

is tucked up nice and tight and the [other] arm’s swinging”, “doing up buttons with both hands”, 

“holding [their] paper while doing [their] homework”, “attempting to wash [their] hair, 

“carrying [their] MacBook”, “zipping up [their] school jacket”, noticing that their child “had 

two hands on a glass” and generally “including [their affected arm] more in different activities”. 

Parents described their children as “more aware that [their arm was] not just a thing that hangs 

off the side of [their] body” “even if it’s a small use for it, it can be used for something”. Parents 

described feeling “emotional”, “excited” and “proud” of their children’s achievements, but 

“sad” that for their children achieving these goals, which was “something so small could be so 

big”.  Parent’s described their children as doing “things [they] honestly never thought [they] 

would be able to do”. Some parents experienced “relief” and “a little less frustration” that they 

didn’t “have to keep on doing [the training] every morning”. Parents also observed “immense 

pride” and “sense of achievement” in their children. 
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“I cut steak on a plate! It was on a plate with other vegies and stuff and I was 

cutting it” said Daisy, 9 years old.  

“When [the therapist] came I couldn’t really hold my button, but now I can do my 

buttons without even looking at it” Keiran, 8 years old. 

 

Subcomponent training was frustrating and rewarding for some: Despite the greater 

amount of time spent on the structured somatosensory discrimination training levels children 

did not talk at length about their progress except to describe liking “doing the objects” and the 

wrist position sense training (“my favourite one was when my hand went to 120, 90, 60 and 

30”). Children described the training levels as “challenging” because you have to “guess stuff” 

and sometimes feeling “frustrated” but also “happy” when they successfully progressed through 

the levels. 

Parents were not involved in the intervention: Parents reported having “very minimal” 

involvement in the intervention, saying they would “just watch a little bit” then “take a step 

back” and “leave them to it”. While parents reported “noticing” their child “spontaneously using 

[their affected] hand” they reported that “since the intervention has stopped it’s not really 

something that [they] talk about or discuss”.  

Structured interventions with a clear purpose support parents’ confidence in therapists:  

Parents described the intervention as “very structured, intense and it had a specific purpose not 

necessarily a broad one”. Parents liked that the intervention “was so intense, the fact that it was 

three times a week for six weeks not three times over a year” and that the therapist “knew 

exactly what [they] were going to be doing the whole time”. Parents liked the “specific targeted 

nature” of the intervention, the “real world function” component relevant to “day to day life” 

delivered in a “very organised” way. The structure of sessions gave parents confidence in the 

therapist’s competence and in having therapy in the home. Parents linked the “intense therapy” 

with their children’s “huge gains” and being able to do things that parents “never thought [their 

child] would do”.  The Sense© intervention was contrasted against previous therapeutic 

interventions where goals were set and reviewed “six months down the track” with the 

therapists unseen “since you made [the goals]”. However, several parents reported a reduction 

in what were “amazing improvements” once the intervention ceased. 

 

Relatedness (my therapist likes me, what we are doing makes sense):  

Therapist rapport with the whole family was important and reduced the burden of 

therapy in the home: Children described rapport with the therapist as important because, “if 

you’ve got an enthusiastic person who’s helping... whenever [you] did something and told her 

about it, [they]’d get enthusiastic and that made [you] want to keep practising”. Most children 

reported that it was important that the therapist was “nice” and “fun” and that children felt they 

“could trust them”, “every therapist should get to know the children that they’re working with, 
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instead of just doing the work with them”. However one young lady said she would “try the 

same” if a therapist wasn’t nice or fun because she was very motivated to do well in the 

intervention. An important element of both experiences seemed to be “getting to know what the 

therapist was trying to do”.  

Parents agreed that it was important for the therapist to get to know the children they are 

working with to find ways to “keep them on track” and to engage with them “on their level”. 

“Continuity” in having the same therapist helped to build “good rapport”. Parents thought that it 

was important to make “it fun but also still achiev[e] results” which parents described as being 

possible when the therapist was “likeable”. Parents also described rapport as being important 

between themselves and the therapist, when a therapist can make “everyone feel really 

comfortable” it makes it easier to have them in their home with such frequency. Parents 

described positive therapist interaction with siblings as being helpful in reducing the impact on 

siblings. Having a strengths focussed approach and “an attitude of okay let’s see how far we can 

go” was also described as important and was a good fit for many families who “don’t work 

focussing on limitations”. 

What we are doing makes sense: Children reported that they “liked doing those tasks 

because it was useful” and that their results were due to the “sensory training”. All of the 

children said “yes” when asked if they would recommend this intervention to other children like 

them, “the program’s good. Excellent, get kids, get other kids involved and tell them to try. Just 

tell them the results after you do it, you’ll use your arm more”. Parents described the 

intervention as “logical” and reported that they “would absolutely do it again if [they] had an 

opportunity” “in a heartbeat” would “do it ten times over”. When asked if they would 

recommend the intervention to another family in the same situation all parents said “yes”, some 

reported that they already had to “lots” of people. 

Parents had few expectations of the intervention in the beginning: Parents reported that 

they chose to participate in the intervention to get “some”, “more”, or “intensive therapy” for 

their child.  While parents hoped their child would “use [their affected] arm more” or “would 

start to get more spontaneous use” of their affected hand, at the beginning many had “an open 

mind” with “no expectations of anything” in relation to outcomes. Being informed and “kept in 

the loop” about their child’s progress helped parents develop their understanding of the 

intervention. 

 

Environment  

Temporal environment:  

The frequency of the intervention was workable for families: Children described the frequency 

and intensity of three times a week over six weeks as “a good time” “doing it really close 

together helps you [remember]”.  Children held individual preferences for days varying from 

Monday to Saturday, before, during and after school. One child suggested that it could be cut 
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down to twice a week to avoid them “missing out on quite a bit of class time”. The duration of 

one-hour sessions was described as “good”. Several children suggested that a “top up” or 

refresher of the intervention might be useful “because sometimes kids forget”. Parents liked “the 

fact that it was three times a week for six weeks not three times over a year” and believed that 

“to get those results it had to be in that intense cluster,” but they also found this challenging 

amongst busy family lives. The length of the one-hour sessions “worked well” so that children 

had “enough chance to be able to practice things and to go through everything but short enough 

that [they] weren’t exhausted”. Parents reported that therapists were very “flexible with times” 

so they could fit “the rest of the family’s schedule as well” warning that “if it’s too hard you’re 

not going to do these sorts of things”. Two parents reported that the gains they observed in their 

child’s performance “tailed off” after the intervention ceased with both saying they would do 

the intervention again given the opportunity and one suggesting they would “make it ongoing” 

“twice a week”. 

 

Physical environment (including equipment and treatment location):  

Home or school-based sessions were preferred over clinic-based: Children reported a 

preference for having the intervention at home or school “because three times a week having to 

drive to [a clinic] it takes an hour” and more with traffic. The focus on maximising their time 

was expressed in another way “if she does it here, when she’s finished she goes and I can just 

go right back to my thing that I was doing”. Parents reported very similar preferences, noting 

the hassles of “driving in” “finding parking” and contending with “traffic” but also having the 

intervention at home or school saved them time and reduced the impact on “the family routine”. 

Parents stated that “with the intensity and frequency [they] possibly wouldn’t have been able to 

[commit to the intervention]” if it was in a clinic. 

Parents were interested in having more involvement in the intervention:  Parents from six 

of the ten families reported that it would be “really exciting” and that they would be “happy” 

and “confident” to be more involved with the intervention delivery with therapist training and 

support to better maintain their child’s gains. These parent’s believed there would be added 

benefits because “the parent could actually sit down and say oh let’s spend ten minutes” 

throughout the week. Parents from the four families who were not confident the same would 

work for them reported that their child “doesn’t respond well” to them or that time 

commitments between work and other children could make it challenging for them to commit to 

hour long sessions. 

 

“I noticed after the cluster of sessions had finished you know when she isn’t having 

that regular reminder and that regular sort of stimuli it does drop off a little bit 

you know and I said to my mum as well you know it would be just fantastic if 
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somehow we could do this session every single week or whatever it might be with 

this sensation” Aimee’s mum 

 

Socio-cultural environment:  

Impact on family routines was workable because they knew the commitment upfront: 

Three children reported a change to their routine with one giving up playing “violin” for a term, 

another being unhappy that the intervention interrupted his playing the “Xbox” and a young 

lady saying that having the intervention on weekends “ruined my weekends” but went on to say 

that “it was okay that they came on weekends”.  Parents reported that there was “an impact on 

family life” during the intervention that required additional “planning” to accommodate work 

commitments and siblings’ after hours activities. Parents described siblings as “pretty cruisy” 

with changes to their routine and family routines returned to normal as soon as the intervention 

ceased. Three parents described having more time in their routine since the intervention ceased 

because of increased independence in their child’s self-care routines. Parents reported that from 

their “point of view the biggest things were that [they] knew that [the intervention] was three 

times a week over six weeks so they had that information up front”. While the intervention 

“certainly impacted family life” families “knew that that was going to happen when [they] took 

it on”.  

 

“It was well worth the time. The time [the therapist] put in, the time we put in and 

changed routine, it was well worth it” Laura’s dad 

 

Strengths of the intervention to mediate challenges: Throughout the domains of the 

SCOPE-IT model- child factors, motivation factors and environmental factors, children and 

parents identified challenges that were overcome because they were mediated by strengths. The 

core strengths and challenges are summarised in figures 5.2 and 5.3. 
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Figure 5.2 Strengths of the Sense© intervention from an engagement perspective. 

 

 

Figure 5.3 Challenges of the Sense© intervention from an engagement perspective.  
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5.5 Discussion 

Observation of real world gains in the form of achieving self-selected goals and 

increased use of an affected upper limb was by far the most engaging aspect of the Sense© 

intervention for children and their parents. Children were motivated to achieve their goals 

because they were self-selected and it is known that goal setting can focus attention and support 

motivation.28,29 Witnessing these gains over the course of the intervention gave time-poor 

parents a sense that the sacrifices made by the family as a whole were worthwhile. This is well 

supported by SCOPE-IT and self-determination theory which describe the need to feel as 

though you are capable of succeeding as a psychological need to maintain intrinsic motivation 

and sustain effort.17 Observing progress in functional goals supported a sense of relatedness, 

and a growing understanding that the therapy approach made sense when considering the child’s 

therapy aims.17 In fact, despite many more hours practicing repetitive and increasingly difficult 

capacity focussed sensory specific tasks, children focussed on describing their goal 

achievements, their improving independence and increased use of their affected hand. This 

reduced emphasis on the sensory specific aspects of the intervention in preference for the task 

focussed aspects is in line with research highlighting the effectiveness of goal focussed 

interventions as opposed to impairment focussed approaches.30 The strength of the Sense© 

somatosensory discrimination training and the reported generalisation of learning is likely 

underpinned by the layered nature of the intervention- impairment and then goals- facilitating 

the transfer and generalisation of skills.  

The parents in this study described being unaware of the possibility that their child may 

have sensory impairment as well as a motor deficit. This is not a surprising finding, the current 

therapeutic environment is one in which motor function has been the primary focus.7 A recent 

article that surveyed 135 paediatric therapists working primarily with children with neurological 

impairment found that fewer than 45% of therapists routinely assessed children for 

somatosensory impairment and when assessments were undertaken they were allocated only 

five to ten minutes.31 In a recent study of 28 children with hemiplegic CP, 23 (82%) were found 

to have somatosensory impairment.32 Twenty (71%) of the children had impairment in two or 

more of the three measured aspects of somatosensation which were tactile discrimination, haptic 

object recognition and limb position sense, each of these domains requires assessment.32 It is 

also known that impairments in somatosensory function contribute to impairments in motor 

function and learned non-use of an affected upper limb for children with hemiplegic CP.5 

Educating parents on how their child’s somatosensory impairment contributes to their functional 

performance and independence may facilitate a more complete understanding of their child’s 

upper-limb functioning and empower parents to request therapy providers measure and 

intervene to build capacity in this domain. 
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It naturally follows that parents had few expectations for the intervention when they 

commenced. Parents were not involved in carrying out any part of the intervention even when it 

occurred in their home, although they drew confidence from the structured and functionally 

oriented nature of it. Once formal therapy had ceased parents expressed a lack of knowledge of 

how to continue to implement the principles of training independently. These experiences do 

not entirely fit with the Family Centred Services approach in which families are recognised as 

the constant and expert presence in the child’s life and so are closely involved in all aspects of 

care.33 

To maximise the use of Sense© with a paediatric population it will be important to 

incorporate a Family-partnership approach. To achieve this, it is recommended that parents be 

provided with increased education in the therapeutic principles of Sense©, which was attempted 

but not achieved with parent’s simply being observers. Parents would benefit from being 

involved in decision making around how the goal directed components of Sense© are carried 

out in their home in negotiation with their child and to be supported by the therapist to facilitate 

the task oriented components of Sense© with therapist coaching and support via a partner home 

program style approach.34 Partner home programs have the benefits of educating and 

empowering parents in how to help their child through regular practice of activities at home.34 

Parents in this study expressed excitement at the prospect of being involved in Sense© training 

in the future. Some parents did express reluctance to carrying out Sense© at home but seemed to 

assume that the same structure and one-hour blocks of time would be required as those carried 

out by the therapist. However, effective dosage of evidence based home programs carried out by 

parents has suggested that 16.5 minutes four to five times a week is sufficient.35 Working in 

partnership with families will be essential in supporting them as the experts in their and their 

children’s lives to find opportunities in the family routine to do smaller frequent practice at 

home.33  

Sense© did meet some aspects of Family-centred care. Flexible delivery in the home or 

school environment meant that busy families could participate in this intensive intervention. 

Children and parents identified very different preferences for the days and times of intervention 

with parents emphasising the need to be flexible around individual family needs. Aspects 

important to family centred service were consistently identified as elements that supported a 

positive experience for not only the child participant but also their parents and siblings.36 

Flexibly responding to the needs of siblings during intervention sessions and taking the time to 

update parents who were only sometimes present due to fly in fly out rosters or other work 

demands were identified as important aspects of the environmental factors. Children and parents 

described rapport between themselves, siblings and partners and the therapist as important to 

having therapy in the home. The concept of rapport is a further aspect of relatedness and 

involves the development of a positive and open relationship with the therapist that celebrates 

success and provides a secure environment in which a child can confidently explore and grow.36  
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The dose of intervention (3 x week, for 6 weeks) was guided by evidence from 

application of Sense© with adults and principles of learning.11 This dose, delivered in an 

intensive ‘burst’ of therapy, may be considered a relative low dose compared to current 

evidence for interventions to achieve improvement of upper limb function in hemiplegic CP.7 

Despite this, the qualitative experience indicates that children did experience improvement in 

valued activities and increased use of the arm. While the frequency and duration of the 

intervention did appear to be feasible for most, there was some negative impact on family 

routines which were mediated by rapport with the therapist and flexible delivery of intervention. 

Future work could attempt to reduce the time commitment which affects siblings as well as 

parents and the children receiving therapy. Opportunity for increased practice in home settings 

and increased involvement of family may be of value.34 

Children and parents reported that the intervention was well timed for them at the ages 

that they received it. Studies investigating the natural development of the aspects of 

somatosensory function that the Sense© training addresses suggest that individually the 

components operate maturely from the age of 5-6yrs which supports the children’s experience.37 

Children also reported an improvement in their ability to “feel” with their affected hands. 

Emerging quantitative evidence suggests that somatosensory discrimination can be positively 

modified through intervention.8,10 Having participant experience support and extend quantitative 

results is an important finding and one that should encourage investigation into habilitation for 

somatosensory impairment for children.  

SCOPE-IT was a useful framework to examine aspects of a novel intervention that 

supported child and family engagement. SCOPE-IT is designed to help therapists maximise 

therapy time with children by identifying aspects that support or inhibit engagement in 

therapeutic activity.18 Utilising SCOPE-IT to examine aspects of a novel intervention for 

children across 10 children and 12 parents helped us to identify strengths inherent to the 

intervention as well as aspects that require improvement to maximise outcomes for families.  

 

Future Directions 

Since this qualitative study was undertaken as part of a feasibility study it will inform 

modifications to the intervention to maximise child and parent engagement and transfer into real 

world contexts of children and their families.15 Modifications to the Sense© training that have 

arisen subsequent to this work include maximising parent education and involvement through 

the incorporation of a partner home program component.34 The focus of this modification is 

capacity building with parents, working with them to develop the skills and confidence to 

continue to transfer the Sense© training to their home environment once formal therapist led 

therapy has ceased. To this end, parents will be supported to undertake an hour of home practice 

a week. Therapist led sessions will be decreased to two per week instead of three to maintain the 

current dosage and reduce the burden of additional scheduling for families and siblings. Parents 
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will be supported to implement the occupational goal-oriented aspects of the intervention at 

home with coaching, support and therapist led incremental changes to each task. Goal directed 

home programmes with parent coaching have been found to be effective with children with 

CP.38 Parents who had taken part in a home program defined them as a form of guidance that 

helps parents build confidence in supporting their child to reach their potential through regular 

activities at home.34 Parents will be provided with education and modelling for how to support 

children in achieving their goals at each therapist led session and will be provided with the 

opportunity to review their performance and confidence at the next therapist led session.  

The youngest child in this study was 8 years old when they received Sense© training. 

Current understanding of neuroplasticity and central nervous system reorganisation in children 

with CP suggest that interventions are most useful below 2 years of age.39 Early motor learning 

is driven by somatosensory awareness as infants begin to explore objects with their hands and 

mouths around four and a half months,40 a potential developmental window to commence 

intervention. Since a large proportion of children with hemiplegic CP have a somatosensory 

impairment there is good reason to provide intervention to all infants who are considered at risk. 

How intervention would be delivered and engage infants and new parents are important areas 

for future research. 

While much of this intervention was conducted in children’s homes, some sessions 

were regularly conducted in the school setting. The flexibility of having therapy at school is 

beneficial for families however it would be useful to have an understanding from the educator’s 

perspective of the impact on education and the child within the classroom. Understanding the 

impact of therapy at school is an area for future research.  

 

Limitations 

This qualitative research study was part of a feasibility study for a novel intervention for 

children, thus at the commencement of the trial participants were already engaged with the 

research team and motivated to contribute. This may have contributed to the positive outcomes, 

which may therefore overstate what could be anticipated for an unselected group of participants. 

A pre-existing framework was used to develop interview questions and explore a topic with a 

paucity of research. While useful to provide direct questions to a paediatric cohort, utilising this 

framework may have limited the data received by narrowing the line of enquiry. While the 

combination of focus group and individual interviews has the potential to increase the 

credibility, dependability and confirmability of this work by enabling almost all eligible people 

to participate and contribute their perspectives, the different formats could also be a limitation. 

It is possible that the richness of the conversation and experiences shared would be materially 

different from the two formats. Steps were taken to minimise the impact of this as a limitation. 

Focus groups were conducted prior to any interviews taking place and the same interviewers 

who conducted all interviews were present in the relevant focus group. Member checking of key 
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findings was also utilised to ensure agreement from all parent participants to minimise the 

impact of any potential limitation arising from the use of the different formats. While all 

available participants, with the exception of two, were involved in data collection, it is unknown 

if saturation was achieved and if the experiences of this group would be reflective of other 

children and families who participated in the Sense© intervention. Participants were also 

interviewed at varying time periods post-intervention resulting from a staggered intake into the 

pilot study, as not all children who were randomly allocated to the intervention group were 

recruited or received the intervention at the same time. The resulting variance in time since 

exposure to the Sense© intervention may have resulted in some degree of recall bias. Recall bias 

is particularly problematic in case-control studies where the experience of two different groups 

are compared.41 The risk of recall bias in this study is partially mediated by the fact that all 

participants had exposure to the same intervention. 

 

5.6 Conclusion 

The most important element to facilitate engagement of children in a novel somatosensory 

intervention was a growing sense of competence in self-selected goals. SCOPE-IT was a useful 

model to reflect on engagement in a novel intervention and has helped identify strengths and 

opportunities for adjustment in Sense© training. Modification to the intervention protocol is 

recommended to empower parents to continue to embed principles of learning once the therapist 

has ceased active intervention. Consumer involvement is essential for developing interventions 

that are motivating and engaging for the target population. 
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Chapter 6 Discovering the sense of touch: 

Protocol for a randomised controlled 

trial examining the efficacy of a 

somatosensory discrimination 

intervention for children with 

hemiplegic cerebral palsy 

Chapter Preamble 

 

In the last chapter I presented participant perspectives on the aspects that were engaging for children and 

their families of Sense© training. The observation of real world gains was the most engaging aspect of 

Sense© training. Challenges of Sense© training included the lack of parent involvement in Sense© training 

and their subsequent lack of knowledge or dialogue for continuing with prompting at home once the 

therapist-led intervention had ceased.   

Important modifications have since been made to Sense© training for use with children drawing on the 

principles of family centred services, parent coaching and home programs to support parents in developing 

their knowledge-base to better support their child’s learning and transfer of therapy principles into the home. 

These modifications fit with what is known to be effective in paediatric interventions and are aimed at 

increasing transfer and maintenance once therapy with a clinician ceases. 

This chapter presents a protocol for a fully funded and ethically approved randomised control trial 

investigating Sense© for Kids training. This randomised control trial will compare Sense© for Kids with 

Goal Directed Training via Home Program, an intervention with proven efficacy for improving motor 

outcomes for children with CP. Outcome measures include sense©_assess kids, the assisting hand 

assessment and neuroimaging techniques because Sense© is based on principles of neuroplasticity and 

perceptual learning and has demonstrated cortical change in adult stroke survivors. 

National and international collaborations have been established to support the development of this work 

including the Cerebral Palsy Alliance (NSW) and the Cincinnati Children’s Hospital for input on the 

treatment fidelity checklist for the comparison intervention; we have also collaborated with neuroimaging 

specialists at the CSIRO (QLD) and Florey Institute of Neuroscience and Mental Health (VIC) for input on 

the functional Magnetic Resonance Imaging protocol. The candidate had a key role in successfully applying 

for funding for this trial through the Telethon New Children’s Hospital Research Fund.   
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In this chapter, I provide rationale for examining an intervention to improve somatosensory impairment in a 

field that has traditionally emphasised motor learning approaches. I will present a rationale for providing 

intervention to improve somatosensory discrimination from a neuroplasticity perspective. Work from earlier 

chapters of this thesis is described to provide rationale for intervention selection for experimental and control 

conditions. I will introduce the selected methods for carrying out this study including assessment schedules, 

outcomes measures, data analysis and importantly the intervention descriptions for both Sense© for Kids and 

Goal Directed Training via Home Program, including treatment fidelity checklists for both. 
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6.1 Abstract 

Authors: Belinda McLean, Misty Blakeman, Leeanne Carey, Roslyn Ward, Iona Novak, Jane Valentine, 

Susan Taylor, Natasha Bear, Michael Bynevelt, Emma Basc, Stephen Rose, Lee Reid, Kerstin Pannek, 

Jennifer Angeli, Karen Harpster and Catherine Elliott.  

Background: Of children with hemiplegic cerebral palsy, 75% have impaired somatosensory function, 

which contributes to learned non-use of the affected upper limb.  Currently, motor learning approaches are 

used to improve upper-limb motor skills in these children, but few studies have examined the effect of any 

intervention to ameliorate somatosensory impairments. Recently, Sense© training was piloted with a 

paediatric sample, seven children with hemiplegic cerebral palsy, demonstrating statistically and clinically 

significant change in limb position sense, goal performance and bimanual hand-use. This paper describes a 

protocol for a Randomised Controlled Trial of Sense© for Kids training, hypothesising that its receipt will 

improve somatosensory discrimination ability more than placebo (dose-matched Goal Directed Therapy via 

Home Program). Secondary hypotheses include that it will alter brain activation in somatosensory processing 

regions, white-matter characteristics of the thalamocortical tracts and improve bimanual function, activity 

and participation more than Goal Directed Training via Home Program. 

Methods and design: This is a single blind, randomised matched-pair, placebo-controlled trial. Participants 

will be aged 8-15 years with a confirmed description of hemiplegic cerebral palsy and somatosensory 

discrimination impairment, as measured by the sense©_assess Kids. Participants will be randomly allocated 

to receive 3 hours a week for 6 weeks of either Sense© for Kids or Goal Directed Therapy via Home 

Program. Children will be matched on age and severity of somatosensory discrimination impairment. The 

primary outcome will be somatosensory discrimination ability, measured by sense©_assess Kids score. 

Secondary outcomes will include degree of brain activation in response to a somatosensory task measured by 

functional MRI, changes in the white matter of the thalamocortical tract measured by diffusion MRI, 

bimanual motor function, activity and participation. 

Discussion: This study will assess the efficacy of an intervention to increase somatosensory discrimination 

ability in children with cerebral palsy. It will explore clinically important questions about the efficacy of 

intervening in somatosensation impairment to improve bimanual motor function, compared with focusing on 

motor impairment directly, and whether focusing on motor impairment alone can affect somatosensory 

ability. 

This trial is registered with the Australian New Zealand Clinical Trials Registry, registration number: 

ACTRN12618000348257. World Health Organisation universal trial number: U1111-1210-1726. 

Keywords: Cerebral palsy, upper-limb, tactile, sensation, somatosensory discrimination, proprioception, 

goal directed, home program 
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6.2 Background 

Cerebral palsy is the most commonly occurring childhood physical disability, and is an umbrella term 

covering a variety of aetiologies with a combined prevalence of roughly 2.1 per 1000 live births [1]. It is 

defined by motor impairment arising from an injury or malformation of the developing brain and is often 

accompanied by comorbidities such as impairment in sensation, perception, cognition, communication, and 

behaviour [2]. Hemiplegic CP (HCP; hemiplegia) is the most commonly occurring motor impairment 

subtype [3] and negatively impacts upper limb function. Recent reports indicate that more than 75% of 

children with HCP have impaired somatosensory function [4, 5].  

Somatosensory function involves the detection, discrimination, and recognition of body sensations [6]. 

According to the National Institutes of Health toolbox, somatosensation refers to “all aspects of touch and 

proprioception that contribute to a person’s awareness of his or her body parts and the direct interface of 

these with objects and the environment” p. S41 [6]. This includes body position sense, haptic object 

recognition, and tactile discrimination [6]. Somatosensation guides motor function in a feed forward manner: 

the more a child can perceive, the more they explore (move), and the more they can understand and interact 

with their environment [7, 8]. Ascending somatosensory neural pathways provide tactile and proprioceptive 

information [9]. By monitoring these forms of information, the central nervous system can adjust signals to 

descending motor pathways during grasp and associated manipulation of objects [10]. In the upper limbs, 

both fine motor movements and tool use rely heavily on such feedback [7, 10, 11].  

A clear link exists between somatosensory deficits and poor hand function in children with HCP [10, 12]. 

This was recently demonstrated in a cross-sectional study by Auld et al [12] where a moderate relationship 

between tactile function and hand performance was identified. Specifically, haptic object recognition and 

single point localisation had the greatest influence on unimanual capacity while haptic object recognition and 

recognition of double simultaneous stimulation had the greatest influence on bimanual function. In this 

study, impairment in somatosensory function accounted for one third of the variance in motor function [12]. 

The significant contribution of somatosensation to motor function indicates that therapeutic interventions 

that target somatosensation may have the potential to improve motor function in children with HCP. 

It is recognised that damage to corticomotor tracts and thalamocortical sensory pathways both contribute to 

upper limb motor impairment in hemiplegia [13-15]. Children with hemiplegia have different patterns of 

brain activation than typically developing peers during somatosensory tasks [16, 17]. The reorganization of 

motor pathways is well documented in children with hemiplegia, with a subset showing evidence of 

persistent and predominant ipsilateral motor pathway control of hand movements [18-27].  Such 

reorganization is not always functionally advantageous: a noted decline in affected upper limb function is 

associated with the persistence of ipsilateral pathways in children who sustained injury in late gestation [27]. 

However, studies investigating somatosensation using magnetoencephalography (MEG), functional magnetic 
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resonance imaging (fMRI) and somatosensory evoked potentials (SEP) of the affected side have 

demonstrated that activation of the primary somatosensory cortices is often still predominantly in the 

contralateral hemisphere, and the contralateral pathway still functions, albeit with altered responses [16, 18, 

28-32]. This “interhemispheric dissociation” between somatosensory inputs and motor outputs may be a 

significant contributing factor to the impaired integration of sensorimotor function in a subset of children 

with hemiplegia [18].  

Neuroplastic changes associated with improvement in motor function have been demonstrated following 

motor learning approaches such as constraint induced movement therapy [33]. Several studies have provided 

a neurological basis for pursuing somatosensory intervention to improve upper limb function in children with 

HCP by demonstrating somatosensory pathways are active, albeit disorganised, and therefore possibly 

treatment responsive [17, 34]. The core principles which inform motor learning approaches to upper-limb 

therapy are the same as principles of learning dependent neural plasticity such as repetition of a challenging 

but achievable task, repetitive practice and feedback on performance [35, 36].  It is reasonable to expect that 

when such principles are applied in a somatosensory intervention, neural plastic changes in somatosensory 

and related regions of the brain will also be observed. In adult stroke changes have been observed in primary 

and secondary somatosensory regions and in attention and visual regions in association with better tactile 

performance [37] and training-facilitated somatosensory recovery [38]. 

Upper limb function is recognised by experts as a high priority area for treatment of children with hemiplegia 

[39].  A large body of research has investigated therapeutic interventions and modes of delivery to maximise 

outcomes for this group of children [40]. Recent research has predominantly focused on improving motor 

skills via motor learning approaches and has demonstrated that intensive goal-directed treatments have a 

positive effect on hand function [40]. However, there is limited research into whether reducing 

developmental non-use and improving bimanual hand function might be more effectively achieved by 

treating any sensory impairments that are known to contribute to impaired motor function. A recent 

systematic review of interventions for tactile deficits that may be suitable for children suggested two 

approaches that were effective in adults post stroke [41]. This study aims to investigate one of those 

recommended: transfer enhanced somatosensory discrimination training, known as Sense© training [36]. 

The principles of Sense© training stem from theories of perceptual learning and learning dependent neural 

plasticity [36]. Sense© training involves repeated practice discriminating between graded stimuli in the 

somatosensory domains: body position sense, haptic object recognition, and tactile discrimination, using 

specially designed training tasks and perceptual learning [36]. In a randomised controlled trial with cross 

over control, Sense© training was found to improve somatosensory discrimination function in adults (n=50) 

who were a median of 48 weeks post stroke [36]. In this trial, 69% of stroke survivors at least halved their 

somatosensory deficits post treatment, and this was maintained at six months’ post treatment. Survivors also 

achieved transfer of training effects to untrained tasks. Seven training principles are operationalized in the 
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training protocol: selection of specially designed training tasks; goal-directed attentive exploration of 

sensation without vision; feedback on the accuracy and method of exploration by therapist/vision; calibration 

of somatosensory perception via vision and/or touch of the unaffected hand; use of deliberate anticipation 

trials; variety of sensory tasks and practice conditions to facilitate transfer; and repeat and progress, as 

outlined in the training manual [42] and online video [43].  Sense© is also applied to client-selected activities 

(occupations), with the aim for the client to learn strategies in how to use somatosensory skills to perform the 

activity most optimally and to transfer these strategies and skills learnt to untrained activities [42].   

Hemiplegia can arise in infants with a variety of neurological pathologies such as white matter injuries, grey 

matter injuries, malformations of the brain, as well as focal vascular insults (seen in ~9% of infants with 

hemiplegia) and no cerebral pathology that can be identified on imaging in about the same proportion [44]. It 

cannot be ignored that these aetiologies are highly varied in comparison to adult stroke survivors. 

Furthermore, most children with HCP have a somatosensory system that has never functioned normally in 

the extra-uterine world while an adult stroke survivor has received an insult to a previously well-functioning 

system. Nevertheless it has been suggested that altered structural connectivity is association with severity of 

deficit and functional recovery [45, 46].  Despite these population differences, pilot work for this study 

demonstrated that Sense© training is feasible with children with HCP and warrants further investigation 

[47].  

During our pilot matched-pairs controlled trial, Sense© training was modified to increase suitability for a 

paediatric population of children with HCP [47]. The principles of training remain the same and children 

progress through the same levels of graded somatosensory training as adults [36]. To facilitate child 

engagement with the Sense© training, the principles of self-determination theory and family centred service 

were incorporated into the provision of Sense© for Kids training [48, 49]. To improve the relevance of 

Sense© for Kids training to children with HCP and their families further modifications were implemented 

following consumer engagement [50]. Focus groups and interviews were conducted and feedback from 

children and their families were integrated into changes to Sense© for Kids training. A consumer 

representative (EB) also vetted all aspects of this protocol paper and details of the intervention. These 

changes are aimed at reducing the scheduling demands on families and increasing the education provided to 

parents. Parent coaching will be used to facilitate maximal carryover of the benefits of therapy into everyday 

life following the completion of the formal intervention period [51].  

Our pilot work suggests that children improve in trained somatosensory domains, motor performance, and in 

trained occupational tasks [47]. A qualitative investigation of parent and child engagement suggests that 

improvements were also observed in untrained tasks requiring bimanual function. Improvements following 

Sense© training were maintained six months after training ceased and warrant further investigation with a 

larger sample [51]. 
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In order to test the efficacy of the Sense© for Kids training, a “best practice” comparison intervention will be 

used to provide adequate control for ‘dosage’ and maintain the external validity of this trial [52]. Further, it 

is considered unethical to withhold potentially effective interventions in controlled comparison conditions. 

Goal Directed Training delivered via Home Program is an evidence based intervention [40, 53] with a green 

light on the traffic light system of evidence for children with HCP [54]. Because there are no evidence based 

somatosensory discrimination interventions for comparison, Goal Directed Training via Home Program will 

act as our control. Goal Directed Training is a motor learning approach which uses a child’s goals to allow 

problem solving and indirectly elicit movements needed to complete a task but does not include any direct 

somatosensory training:  it is therefore a ‘best practice’ control intervention incorporating common features 

of Sense© for Kids training but no direct somatosensory training [55]. 

 

6.3 Methods and Design 

A single blind, matched pair, prospective randomised placebo-controlled trial with parallel groups is 

proposed comparing the effects of Sense© for Kids discrimination training with a dose matched, therapist 

supported Goal Directed Training via Home Program. The primary outcome measure is the sense©_assess 

Kids to assess changes in somatosensory discrimination. The sense©_assess Kids measures tactile 

registration, tactile discrimination, haptic object recognition, and body position sense of the upper-limb in 

children [56]. The secondary outcome measures are brain imaging including functional magnetic resonance 

imaging (fMRI) and diffusion MRI to observe central nervous system (CNS) changes in response to 

intervention, the Assisting Hand Assessment [57] to measure bimanual ability, Goal Attainment Scaling [58] 

and the Canadian Occupational Performance Measure [59] to monitor change in children’s self-selected 

goals. This trial has been registered with the Australian New Zealand Clinical Trials Registry, see table 6.1 

for trial registration data. 

Table 6.1 World Health Organisation required trial registry information 

Data category Information 

Primary registry and 

trial identifying number 

Australian New Zealand Clinical Trials Registry 

ACTRN12618000348257 

Date of registration in 

primary registry 

8/03/2018 

Secondary identifying 

numbers 

None  

Source(s) of monetary 

or material support 

Telethon New Children’s Hospital Research Fund 

Primary sponsor Perth Children’s Hospital 

Secondary sponsor(s) University of Western Australia, Curtin University 
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Contact for public 

queries 

Ashleigh Thornton, PhD Ashleigh.Thornton@health.wa.gov.au 

Contact for scientific 

queries 

Belinda McLean, Belinda.McLean2@health.wa.gov.au 

Public title Discovering the sense of touch- somatosensory discrimination 

training for children with cerebral palsy. 

Scientific title Discovering the sense of touch: A randomised controlled trial 

examining the efficacy of a somatosensory discrimination 

intervention for children with hemiplegic cerebral palsy. 

Countries of 

recruitment 

Australia 

Health condition(s) or 

problem(s) studied 

Cerebral palsy, hemiplegia, impaired tactile discrimination, 

impaired haptic object recognition, impaired limb position sense 

Intervention(s) Sense© for Kids somatosensory discrimination training; Goal 

Directed Therapy via Home Program 

Key inclusion and 

exclusion criteria 

Inclusion: description of hemiplegic cerebral palsy, 

somatosensory discrimination impairment as measured by 

sense©_assess kids, aged 8-15yrs, sufficient concentration to 

complete assessment. 

Exclusion: absence of somatosensory impairment 

fMRI safety exclusion criteria: (metal implants and implantable 

devices; significant anxiety or behavioural problems; 

claustraphobia). 

Study type Single-blind randomised control trial 

Date of first enrolment Anticipated 17/09/2018 

Target sample size 50 

Recruitment status Not yet recruiting 

Primary outcome(s) sense©_assess kids, functional magnetic resonance imaging 

Key secondary 

outcome(s) 

Assisting Hand Assessment, Canadian Occupational 

Performance Measure, Goal Attainment Scaling. 
 

 

6.3.1 Interventions 

Sense© for Kids training description.  

Sense© for Kids training is a structured and graded intervention program based on Sense© somatosensory 

discrimination training [36, 42]. Sense© for Kids training will be implemented in this study, as informed by 

the pilot work that explored the efficacy of Sense© somatosensory discrimination training with children with 

Hemiplegia [47].  Sense© for Kids training uses principles of perceptual learning and learning dependent 

neural plasticity to develop somatosensory discrimination capacity in aspects of sensation [60, 61]. The 

aspects of somatosensation trained are body position sense, haptic object recognition and tactile 

discrimination. The principles of training are the same as in Sense© discrimination training [36] and include 

active exploration without vision, feedback on accuracy and method of exploration, anticipation trials, 
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calibration with the less affected hand and with vision, repetition and progression from large to finer 

differences and transfer to occupational tasks. The equipment and training levels are based on the work of 

Carey et al [36, 42], see Table 6.2 for details of the intervention. 

Goal Directed Home Program. 

This study will follow current best practice descriptions of Goal Directed Training and be delivered using the 

model home program approach outlined by Novak and Cusick [62]. See Table 6.2 for details of the 

intervention. 

 

Table 6.2 TIDieR Guidelines comparing experimental and control interventions 

Item EXPERIMENTAL INTERVENTION CONTROL INTERVENTION 

Name Sense© for Kids  Goal Directed Training via a Home Program 

Why Rationale:  The ability to gain a sense of 

touch and use this information in goal-

directed use of the arm and daily activities is 

supported by theories of perceptual learning 

and neural plasticity and may be enhanced 

by addressing somatosensory discrimination 

functions through intervention [36, 61]. 

Sense© for Kids is a structured and graded 

intervention program based on Sense© 

somatosensory discrimination training [36].  

Theory: Underlying principles of Sense© 

• Principles of perceptual learning and 

learning-dependent neural plasticity 

inform Sense© training principles. 

Sense© is based on seven principles 

[43], with the theory underlying 

three core principles outlined. Goal 

directed attention and deliberate 

anticipation are important for 

learning and to facilitate links to 

somatosensory regions of the brain. 

Calibration across and within 

Rationale: Children with CP learn 

movements best when they are engaged in 

practicing real-life activities that are 

meaningful to them, based on self-identified 

goals and practice occurs in real-life 

environments. 

Theory: Underlying principles of Goal 

Directed Training 

▪ Dynamic systems theories of motor 

control, where movement emerges as a 

result of the interaction between the 

person’s abilities, the environment and 

their goal inform Goal Directed 

Training.  

Underlying principles of Home Programs 

▪ The therapist coaches caregiver and 

child to build confidence and 

capabilities 

▪ The child and parents are more 

motivated by self-set goals  
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modality improve and create new 

somatosensory neural connections. 

Graded progression within and 

across sensory attributes and tasks 

are used to facilitate perceptual 

learning and transfer to novel 

stimuli [61]. 

Sense© Essential Elements: as applied to 

children with cerebral palsy: 

• Active exploration without vision of 

new and known stimuli where the 

child explores objects/textures/body 

positions with focus on 

discriminating differences.  

• Anticipation is used for previously 

experienced stimuli; the child knows 

what to expect to feel and 

concentrates on attributes of 

difference without vision. 

• Calibration occurs within and across 

modalities with comparison of what 

is felt by the impaired hand with the 

less affected hand and with vision. 

The child matches what they know 

from visual confirmation and 

calibration with the less affected 

hand with their impaired hand. They 

are prompted to imagine what the 

sensory stimulus is supposed to feel 

like based on this knowledge.  

• Each level of stimulus difference is 

trained to an accuracy level of 75% 

correct responses before progressing 

▪ Programs set up in the home 

environment are ecologically valid 

▪ Practice is embedded in family routine 

to permit opportunity for functional 

practice 

▪ Practice of a skill evolves based on 

performance 

Goal Directed Training Essential Elements: 

▪ Caregiver and child set goals about real-

life activities the child wants or needs to 

perform and determines with the 

therapist which are realistic for 

intervention. 

▪ Examination of the goal-limiting factors 

at the child, task and environment level. 

▪ Changing the task and environment to 

facilitate child-active independence task 

performance. 

▪ Establishment of a child-active motor 

practice schedule based on current motor 

performance, including intense 

repetition, variation and structured 

feedback. 

Home Program Essential Elements: 

▪ Development of a collaborative 

partnership characterised by 

empowerment of parents  

▪ Therapist takes on a coaching role in 

partnership with the parent as the expert 

in their unique context 

▪ Goals are set by the child and parent 
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to a more difficult level of 

difference. 

• Transfer to untrained tasks is 

facilitated by training on a large 

variety of stimuli and integrating 

training principles into occupational 

tasks important the child. 

Occupational tasks are trained using 

grading of stimuli, feedback on 

distinctive features of difference and 

method of exploration. Additional 

information can be found in SENSe: 

A Manual for Therapists [42]. 

▪ A menu of tasks to practice using Goal 

Directed Training principles are 

provided to support home practice 

▪ Therapists actively support 

implementation to ensure the program 

continues to meet family needs and help 

identify successes [62]. 

Materials Therapist: The Sense© training kit will be 

required to train the individual components 

of sensation. Materials for practice relating 

to occupational goals will vary depending on 

the child’s goal e.g. If the goal is using a 

knife and fork, food items with varying 

textures will be required that provide the 

right level of difference of somatosensory 

feedback during cutlery use.  

A log book will be provided to all families 

as a reminder to complete home practice 

incorporating Sense© principles into child’s 

goals, and as an opportunity to increase the 

challenge as the child improves. 

Materials for each child will vary depending 

on the child’s goal and which elements of 

the task and environment are being changed 

to enhance independent performance e.g. If 

the goal is catching a tennis ball, materials 

required may initially include balloons and 

then light large balls as task modifications 

to facilitate catching practice at the “just 

right challenge”. 

A log book will be provided to all families 

as a reminder to practice, and as an 

opportunity to update the home program as 

the child improves. 

Who CHILD: Sets functional goals with a clear 

somatosensory demand in partnership with 

caregiver if appropriate. 

THERAPIST: Identifies deficit in 

somatosensory function and works with 

child through component training in relevant 

CHILD: Sets functional goals in partnership 

with caregiver if appropriate.  

THERAPIST: Determines goal limiting 

factors and partners with the parent to 

develop a home-based practice schedule. 
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domains (body position sense, haptic object 

recognition, tactile discrimination). Supports 

parent with incorporating Sense© principles 

into child’s goals.  

PARENT: Incorporates Sense© principles 

into child’s goal. 

Also offers coaching and support via home 

visits 

PARENT: Carries out the intervention with 

the child. 

How Home based Home based 

How Much The total dose of Sense© for kids will be 

three hours per week for six weeks with a 

home visit from a therapist for two hours a 

week and the family undertaking the 

remaining one hour of incorporating Sense© 

principles into goal practice. (same dose) 

The total dose of this intervention will be 

three hours per week for six weeks with a 

home visit from a therapist one hour a week 

and the family undertaking the remaining 

accumulative two hours per week of 

practice.  (same dose) 

Tailoring Because children will set their own goals, 

the activities pertaining to the goal itself 

may differ but in all other aspects this 

intervention will remain the same for all 

participants.  

Because children will set their own goals, 

the activities pertaining to the goal itself 

may differ but in all other aspects this 

intervention will remain the same for all 

participants. 

How Well This study will seek to define and measure 

fidelity of the Sense© for Kids intervention 

for: 

• Clinician adherence to active 

ingredients 

• Intervention receipt 

 

There is a home program component of 

Sense© for Kids training which focuses on 

incorporating somatosensory cues into 

occupational task performance and the 

facilitation of goal attainment by utilising 

these somatosensory cues within tasks. 

This study will seek to define and measure 

fidelity of Goal Directed Therapy via Home 

Programs for: 

• Clinician adherence to active 

ingredients 

• Intervention receipt 

 

It is acknowledged that children receiving 

home programs will have incidental 

exposure to sensory stimuli through 

movement and interaction with objects 

during purposeful activity, however these 

stimuli will not be emphasised nor will the 
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process of making sense of these 

somatosensory stimuli. 

6.3.2 Treatment fidelity 

Two different types of intervention fidelity will be evaluated in this study. The first will assess clinician 

adherence to the active ingredients of each intervention protocol. Fidelity checklists containing the active 

ingredients of the respective intervention protocols have been developed to monitor treatment delivery 

against a priori criteria (see Appendix A) [63]. Each criterion will be measured against a four point Likert 

scale. Adherence to the intervention approach will be determined by the computation of a percentage score 

[64].  

Each intervention session will be video recorded. Assessment of intervention fidelity will include the random 

selection of 10% of the recorded intervention sessions, and observed by independent third-party reviewers 

trained in both intervention protocols. A fidelity rating of no less than 80% will be required to consider the 

intervention delivered to the intervention prototype (i.e. with fidelity).   

The second fidelity measure is aimed at intervention receipt [63]. This will be monitored through completion 

of home practice logs. Participants will be provided with a log book to record practice sessions and note 

challenges and successes. In addition, parents will be asked to video record their occupational sessions for 

review, feedback and problem solving with respect to the active ingredients of the respective intervention 

protocols. These sessions will be reviewed with the treating therapist during home visits weekly. Parents will 

be asked to use readily available technology such as their mobile phone, if available, for the express purpose 

of feedback. 

 

6.3.3 Ethical Considerations 

The study will be undertaken at Perth Children’s Hospital, the only dedicated children’s hospital in Western 

Australia. This study has been prepared in accordance with the principles and mandates set out in the 

Declaration of Helsinki 2008. Ethics approval has been obtained for this study through Perth Children’s 

Hospital Human Research Ethics Committees (HREC; ethics number 2014034). Study information forms 

have been drafted and approved by the HREC. Parents and children will be provided with oral and written 

study information and have the opportunity to have their questions clarified before providing written 

assent/consent. Informed consent will be sought from primary caregivers and assent from child participants 

prior to commencement. Because children will be aged eight years and older their assent will be required for 

them to be enrolled in the study. Participation in this study is voluntary and family’s choices will be 

respected. Eligibility will be determined during the baseline assessment and randomisation will occur once 
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eligibility has been determined. Children who receive botulinum toxin therapy will continue to receive this 

treatment, however their baseline assessments will be timed at least twelve weeks post their most recent 

Botulinum toxin-A injections and these treatments will be recorded. 

6.3.4 Primary and Secondary Objectives 

Our primary objective is to determine whether Sense© for Kids training, a somatosensory discrimination 

intervention, is more effective than placebo (Goal Directed Training via Home Programs) in improving 

somatosensory discrimination in children with HCP. 

The specific hypotheses to be tested are: 

• Children receiving six weeks of Sense© for Kids training will have higher scores on sense©_assess 

Kids [56] compared to children who received dose matched goal directed therapy via home program. 

• Children receiving six weeks of Sense© for Kids training will demonstrate changes in fMRI 

activation of the somatosensory and related processing regions in response to tactile stimulation of 

the affected limb. Such changes will be greater than any activation changes seen in children who 

received dose matched goal directed therapy via home program. 

• Children receiving six weeks of Sense© for Kids training will have altered structural connectivity (as 

assessed with diffusion MRI) of somatosensory processing centres.  

• Children receiving six weeks of Sense© for Kids training will have higher scores on the Assisting 

Hand Assessment [57] compared to children who received dose matched goal directed therapy via 

home program.  

• Children receiving six weeks of Sense© for Kids training will have comparable scores on the Goal 

Attainment Scale [58] and Canadian Occupational Performance Measure [59] compared to children 

who received dose matched goal directed therapy via home program. 

 

6.3.5 Trial design 

The Consolidated Standards of Reporting Trials (CONSORT statement 2010) for RCT’s of non-

pharmacological treatments will inform this single blind randomised placebo-controlled trial with a matched 

pair design [65]. Matched pair designs are recommended to reduce covariate effects and strengthen 

comparisons between groups [66]. Children will be matched on age and composite score [36] on the 

sense©_assess Kids [56].  There will be two arms of this study, Sense© for Kids training and a dose matched 

Goal Directed Training via Home Program (Figure 6.1). Children will be randomised following baseline 

assessment to one of these treatment groups. The children in the Sense© for Kids training group will receive 

two therapist-directed one-hour treatment sessions per week for six weeks, plus a third hour per week of 
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Sense© for Kids occupational training carried out by the primary caregiver (who will receive coaching and 

guidance from the therapist). Children in the Goal Directed Training via Home Program will receive one 

hour a week of therapist led Goal Directed Training and will undertake a further two hours per week of home 

practice with primary caregiver support. Differences in therapist directed therapy time exists between these 

two interventions and reflect the nature of each intervention. The total dose of therapeutic activity is equal. 

 

 

Figure 6.1 Study design with assessment schedule. This figure illustrates the study design and assessment 

timepoints. Assessment 1= baseline, assessment 2= post 6 weeks of intervention, assessment 3= 6 week 

follow-up, assessment 4= 6 month follow-up and assessment 5= 12 month follow-up. Assessments carried 

out at each time-point are detailed in table 2. 

 

6.3.6 Recruitment 

Children will be recruited through the cerebral palsy mobility service at Perth Children’s Hospital, a large 

state-based tertiary centre.  

Participants  

Inclusion criteria 

This study will include school aged children and youth: 

• With a paediatrician confirmed description of HCP   

• Aged 8 – 15 years 

• Who can follow assessment procedure (including fMRI) 

• With a confirmed impairment in somatosensory discrimination function as assessed on the 

sense©_assess_Kids. 

• Who live within metropolitan Perth, Western Australia 

Exclusion criteria 

This study will not include children and youth who have: 

• Upper limb surgery in the 12 months preceding baseline assessments 
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• MRI contraindications including: metal implants, implantable devices, significant anxiety issues, 

claustrophobia, or behavioural problems 

For children in receipt of Botulinum toxin-A for spasticity management, study commencement will begin 12 

weeks after their most recent treatment to allow for Botulinum toxin-A “washout”. 

Withdrawal  

Children and their families are free to withdraw at any time. Any data collected prior to withdrawal will be 

retained and used for an intention-to-treat analysis. 

Allocation 

Minimisation will be employed to optimise the homogeneity of the two groups [67].  Children will be 

matched for age (± 6 months) and somatosensory discrimination capacity composite score 

(mild/moderate/severe). When a child is enrolled to the study without a match for age and somatosensory 

capacity, that child will be randomly allocated to a treatment group using an online randomisation form by a 

staff member not otherwise involved in the study. The next child enrolled who is a match for the unmatched 

participant will be automatically allocated to the alternate group. The process will be repeated for each 

matched pair; the first member always being allocated at random.  

Blinding 

The families and treating therapist(s) will not be blinded to group allocation, but families will be blinded to 

the study hypotheses. The therapist(s) responsible for assessment will be blinded to group allocation. If 

blinding is broken, this will be noted in the therapist’s treatment or assessment record and reported, where 

possible a new assessor will be allocated to the participant where unblinding has occurred. To protect the 

blinding of assessors, participants will be coached not to discuss group allocation with assessors, and 

interventionists will not discuss study hypotheses with participants. 

Sample size 

To determine the sample size required for this study we used pilot data from seven children with HCP who 

received the Sense© for_Kids intervention [47]. Data from the Wrist Position Sense Test (a component of 

the sense©_assess_Kids, see below) were entered into G* Power [68] and a two tail “Means: difference 

between two independent groups” power calculation was performed.  With an intervention group mean of 

15.94 and standard deviation 9.72; and control group mean 25.79 and standard deviation 11.93 the calculated 

effect size was 0.9052. To detect this effect size, we need 42 subjects (21 in the intervention group and 21 

in the control group) to have statistical power of 0.8 at the significance of 0.05. To account for attrition, 

this study will aim to enroll 50 children, with 25 in each of the control and intervention groups.  

Retention 
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Participant retention will be promoted through access to a consistent contact person to address any queries 

and for coordinating assessment and intervention sessions. As far as possible the booking of assessment and 

intervention sessions will be flexible to meet participant needs. 

6.3.7 Assessment protocol 

All outcomes will be measured within two weeks prior to commencement, again within two weeks following 

completion of intervention, then six weeks, six months and 12 months’ post intervention (± 2 weeks; Table 

6.3). Assessment and intervention will take place in children’s homes or at school, whichever is the most 

convenient for families, except for MRI assessments which will take place at Perth Children’s Hospital. MRI 

data will be acquired at all time points, except the 6 weeks follow up.  

Table 6.3 outlines when each outcome measure will be obtained. Time point one is the baseline assessment, 

time point 2 is at completion of 6 weeks of intervention, time point 3 is 6 weeks’ post intervention 

completion follow-up, time point 4 is 6 months post intervention completion follow-up and time point 5 is 

the 12 month post intervention completion follow-up. 

Table 6.3 Outcome measures schedule 

 

Outcome measure 

Time Point  

ICF Domain 1 2 3 4 5 

Sense©_assess_Kids       Body structure/ function 

Magnetic Resonance Imaging      Brain structure/ function 

Assisting Hand Assessment      Activity  

Goal Attainment Scaling      Activity and participation 

Canadian Occupational Performance 

Measure 

     Activity and participation 

 

6.3.8 Outcome measures and procedure 

Body function and structure 

Sense©_assess_Kids. The sense©_assess_Kids [69] is a suite of tests which measure functional 

somatosensory discrimination ability. The domains of somatosensation measured by the sense©_assess_Kids 

include the Protective Touch Test [70, 71], the Tactile Discrimination Test [72], the functional Tactile Object 

Recognition Test [73] and the Wrist Position Sense Test [74]. The Protective Touch Test uses the 4.56 
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Semmes Weinstein monofilament to test tactile registration at the threshold of protective touch. The Tactile 

Discrimination Test is a forced choice test of tactile discrimination whereby children need to indicate in a 

series of presentations which surface out of three is different. The functional Tactile Object Recognition Test 

is a 14-item test of haptic object recognition with multiple versions in which children are presented with 

familiar and novel objects out of vision and indicate what they are exploring using a response poster with 

pictures of all possible items. The Wrist Position Sense Test is a measure of proprioception in which a 

child’s hand is moved out of vision to 20 positions in random order in the flexion/extension plane of 

movement of the wrist using a lever and a protractor scale Children indicate where their hand is positioned 

using a protractor scale immediately above their occluded hand. The sense©_assess_Kids has high reliability 

and normative standards for typically developing children aged 6-15 years [75], and demonstrated construct 

validity and clinical acceptability for children with CP aged 6-15 years [56, 76].   

 

Magnetic Resonance Imaging. Quantification of central neural change in response to intervention 

contributes to the understanding of the mechanisms that lead to sustained functional improvements. In this 

trial, we aim to quantify brain changes that accompany any clinical improvements. To this end, we intend on 

analysing three types of MRI: structural MRI, task-based functional MRI (fMRI), and diffusion MRI (dMRI). 

MR imaging will be conducted on a 3 Tesla Siemens Magnetom Skyra scanner (Siemens, Erlangen, 

Germany) located at the Perth Children’s Hospital (PCH), Nedlands, Western Australia. Scan types are listed 

in Table 6.4 and detailed below. Prior to the initial scan each child will attend an MRI preparation session. 

This has been demonstrated to improve the success of sedation-free brain MRI scanning in children [77]. The 

preparation session will include watching a presentation about the MRI experience, familiarisation with the 

fMRI task (see below) and practice in a mock MRI scanner. On each arrival at the PCH Radiology 

Department for MRI scans children will be familiarised with the scanning procedure, scanning devices, and 

receive 5-10 minutes of practice of the fMRI task. Following the MRI, participants will complete a simple 

questionnaire regarding the MRI experience including awareness of the stimuli, degree of concentration and 

comfort. 

Table 6.4 MRI scans to be acquired at each of the four time-points 

 Type Resolution Additional Details 

T1 MPR Structural 1mm iso 3D 

T2 FLAIR Structural 1mm iso 3D 

T2 Blade Structural   

GRE field map 3mm iso for EPI distortion 

correction 

EPI Functional 3mm iso 80 frames 
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EPI Diffusion 2mm iso 8x b = 0 s/mm2 

20x b = 1000 s/mm2 

60x b = 3000 s/mm2 

Table 6.4 abbreviations. MPR – Multiplanar Reformatting, FLAIR – Fluid Attenuation Inversion Recovery, 

GRE – Gradient Echo, EPI – Echo Planar Imaging. 

 

Structural Magnetic Resonance Imaging. Both high resolution T1 and T2 images will be acquired (see 

Table 6.3). The participant will be able to watch a DVD of choice during anatomical sequences. Anatomical 

reporting will be conducted upon these images by a paediatric neuroradiologist. Baseline MRIs will be 

classified using the harmonized classification of magnetic resonance imaging, based on pathogenic patterns 

(MRI classification system or MRICS) proposed by the Surveillance of CP in Europe network [78]. MRI 

Classification will be documented for each participant and utilised for subgroup data analysis. A 

paediatrician will meet with the participant and their caregiver to discuss anatomical findings and the 

primary treating physician will be informed of these results. 

Functional Magnetic Resonance Imaging will be utilised as an indirect measure of neuronal activation in 

the brain in response to a somatosensory stimulus. Functional MRI utilizes blood-oxygen-level-dependent 

(BOLD) contrast to indirectly measure neuronal activation in the brain. In neurorehabilitation, fMRI has 

been utilised to identify, quantify and map cortical activation associated with execution of particular tasks 

[15]. Functional MRI has also been used in research as a physiological marker of brain plasticity in children 

with cerebral palsy, and small studies of motor function in children with CP have demonstrated a significant 

change in task related cortical activation following constraint-induced therapy [79, 80]. Correlation between 

somatosensory functional impairment post-stroke and central neural changes has been demonstrated using 

fMRI [36, 81].  

Pre-intervention, fMRI activation patterns in response to somatosensory stimulation of both hands will be 

measured as a baseline, with focus on cortical somatosensory processing centres including primary 

somatosensory cortex (S1) and secondary somatosensory cortex (S2). Post-intervention fMRI somatosensory 

task-related activation will be measured and compared to pre-intervention results as an indicator of central 

neural change in response to therapy. This methodology is supported by literature that indicates that in order 

to measure neuroplasticity with fMRI, scans should be obtained during a task, both before and after 

intervention, for at least 20 people per experimental group [82]. 

In conjunction with the CSIRO, Florey Institute of Neurosciences and Mental Health and La Trobe 

University, an fMRI protocol [37, 81] has been adapted for use in children with CP. This protocol consists 
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of two acquisitions – one per hand. Each scan will consist of four 30-second ‘touch discrimination’ blocks, 

each preceded by a 30 second rest block. During touch discrimination blocks, a device is used to present a 

textured grid to the fingertips in a manner controlled for speed and pressure, alternated with no stimulus.  A 

plastic texture grating is moved side to side across the fingertips of the second, third and fourth digits [37, 

81]. Within block, two different plastic texture grids will be delivered, with spacings of 1500 and 3000 

micrometres between the gratings, alternating every five seconds. These texture grids will be presented in a 

different alternating order every block to maintain attention of the participant. Participants will be instructed 

to feel and pay attention to the differences between the two textures presented in each block, but to remain 

still. A screen showing the words ‘FEEL’ or ‘REST’ will be shown to the participant during these respective 

blocks to cue attending to the stimuli. The pressure of stimulus delivery is calibrated at the commencement 

of the scan via a weighted pulley system. To control for movement, the participant’s hand rests on a platform 

with custom openings for the fingertips and is immobilised in the device as the stimulus is moved from side 

to side under the fingertips. The control ‘REST’ condition of the paradigm is no presentation of the textured 

grid to the participant’s fingers, though it continues to be moved at a constant speed to the side of the 

participant’s hand [37, 81]. The participant lies supine throughout.  

Diffusion Magnetic Resonance Imaging (dMRI) will be used to investigate brain microstructural 

changes within pathways delineated using fMRI driven diffusion tractography. dMRI data will be 

acquired using a multi-shell approach, which includes 8 non-diffusion weighted images, 20 

diffusion weighted images at b=1000s/mm2, and 60 diffusion weighted images at b=3000s/mm2. 

Correction for susceptibility distortions will be performed using reverse phase-encoded non-

diffusion weighted images. Fibre orientation distributions for tractography will be estimated using 

multi-shell multi-tissue constrained spherical deconvolution [83] implemented in MRtrix software. 

Fractional anisotropy (FA) will be estimated based on the b=1000s/mm2 shell.  

Activity  

The Assisting Hand Assessment (AHA) [57] and the Adolescent Assisting Hand Assessment (Ad-AHA) [84] 

are measures of how a child with HCP or brachial plexus palsy uses their involved hand for bimanual 

activity. The AHA has been found to have good construct validity, excellent test-retest reliability (0.99) and 

is responsive to change when used to assess children aged 18 months to 12 years [85]. The Ad-AHA utilises 

the same scoring components as the AHA and has excellent intra-rater (0.97) and test-retest (0.99) reliability 

[86]. The assessments are conducted as a play session and are video recorded for scoring at a later time [57, 

84].  
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The Canadian Occupational Performance Measure (COPM) [59] is a measure of a client’s self-perceived 

occupational performance over time. The COPM has been found to have good validity and reliability and is 

responsive to change [87] and has been found to have moderate reproducibility [88]. 

Goal Attainment Scaling (GAS) [58] is a technique used to quantify goals set in a rehabilitation setting. This 

goal setting technique enables the conversion of measurable goal attainment on a 5-point scale into t-scores 

which are normally distributed around a mean score of 50 and a standard deviation of 10. The GAS has been 

found to be a valid and reliable measure of goal attainment [89] with excellent inter-rater reliability (>.90) 

and satisfactory concurrent validity [90]. 

 

Descriptive measures 

To describe our population the following scales and measures will be completed at baseline. 

The Gross Motor Function Classification Scale- Expanded and Revised (GMFCS-E&R) [91] is a five level 

scale describing gross motor function for children with cerebral palsy aged 6 – 12 years and 12 – 18 years. 

The GMFCS describes a range of abilities from level I, where children are independently mobile, through to 

level V where children have limited ability to maintain head and trunk postures and are dependent on 

wheeled mobility with assistance from others [91].  

The Manual Ability Classification Scale (MACS) [92] is a five level scale describing the ability of children 

with cerebral palsy aged 4 – 18 years to handle objects in everyday activities. The MACS describes a range 

of manual abilities from level I, where children handle objects easily and successfully, through to level V, 

where children do not handle objects and are severely limited in their ability to perform simple actions [92]. 

The Communication Function Classification Scale (CFCS) [93] is a five level scale describing the 

communication ability of individuals with cerebral palsy. The CFCS describes a range of communication 

abilities from level I, where children are effective senders and receivers with familiar and unfamiliar 

communication partners, through to level V, where children are seldom effective senders or receivers with 

familiar communication partners [93].  

The Hypertonia Assessment Tool (HAT) is a six-item clinical assessment tool used to differentiate between 

spastic, dystonic and rigid paediatric hypertonia [94]. The HAT allows for standardization of such clinical 

examination, noting that mixed tone, i.e. both spasticity and dystonia, are present in a large proportion of 

children with CP [94, 95].  This information will be utilized in subgroup analysis to evaluate whether 

children with certain hypertonia subtypes demonstrate greater response to intervention than others. In doing 

so, children with CP can be directed to interventions of greatest efficacy in the future. The HAT has good 

inter-rater test–retest reliability and validity for the identification of spasticity, and moderate agreement for 

dystonia [94, 95].  
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The Selective Control of the Upper Extremity Scale (SCUES) [96] is a measure of selective motor control 

for the upper limbs. SCUES is a short (< 15 minute) video based assessment that is administered by an 

occupational therapist or physiotherapist. SCUES examines selective motor control for the shoulders, elbow, 

wrist, and fingers/thumb. The examiner demonstrates a movement, passively moves the child to replicate the 

movement and determine passive range of motion, then the child replicates the movement. Performance is 

graded on the presence of mirror movements, movement of additional joints beyond target joint, presence of 

trunk movement, and the extent to which actual movement is equal to or less than passive range. SCUES has 

acceptable content validity, intra-rater (>0.75) and inter-rater (0.72) reliability and construct validity [96]. 

 

6.3.9 Adverse Events 

Adverse events from intervention and activity based assessment are not anticipated. Adverse events due to 

imaging aspect of assessment may occur if there is a high degree of anxiety for children about being inside 

the MRI scanner. Children are not sedated during MRI scans and this research team has developed and 

piloted a familiarization package to allow children to experience what being inside an MRI scanner is like 

prior to their consenting to take part in this aspect of the study. The MRI assessment is introduced to children 

in a standard clinic room with their parents present by the staff members who will be with them on the day of 

their MRI assessments. All efforts will be made to help children feel comfortable with MRI assessment, 

however children can withdraw from the MRI assessment if they are experiencing distress and this will not 

limit their participation in the rest of the study. All adverse events will be reported to the HREC through the 

chief investigator who will monitor and maintain a register of any adverse events for reporting purposes. 

 

6.3.10 Statistical methods 

As outlined in the CONSORT statement reporting for RCT’s: between group comparisons will be conducted 

on intention to treat analysis [65]. Missing data arising from incomplete observations and dropouts will be 

managed using multiple imputations. Multiple imputations is recommended for use in RCT’s because it 

avoids bias found in last observation carried forward approaches while maintaining power [97].  

Summary statistics will be reported for each time point for each group using means and standard deviations. 

For skewed data, medians and interquartile ranges will be reported. 

 

Functional Outcome Measures 

A mixed-effects model with repeated measures will be used to assess within and between group differences. 

The corresponding baseline measure will be entered as a covariate in the model along with age and 
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somatosensory capacity given these features were used in the randomisation process.  The mixed model 

approach has the advantage of allowing for correlated data (repeated measures) and allows for missing 

observations within-subject. Model assumptions will be examined and if required transformations applied or 

non-parametric methods employed. Statistical significance will be set at 0.05.   

 

Neuroimaging 

Functional MRI. First level statistical analyses will contrast blocks (FEEL > REST) on an individual subject 

basis. Owing to the heterogeneous size and location of brain lesions seen within most cohorts, inter-subject 

registration (required for voxelwise statistics) may be difficult to perform reliably [98]. We plan to address 

this by performing region-of-interest analyses that measure the interhemispheric balance of activation 

between the sensorimotor cortices before and after therapy in the same child. S1, S2, and the dorsolateral 

prefrontal cortex (as delineated on single-participant templates) will be used. First-level results from all 

participants will be pooled into an ANOVA, to investigate (A) changes by time-point, to search for an 

overall change in brain activation and (B) whether an interaction between time-point and treatment exists. 

Task-related fMRI is considered an important neuroimaging modality in researching neuroplasticity. It is 

however recognised that task-related fMRI presents a “unique set of challenges” [99] that impact data 

analysis and interpretation. These challenges include but are not limited to: fMRI result variability, inability 

to distinguish the biological process that underlie changes in activation including alternative explanations 

such as compensatory activation or strategic shifts, the challenge in presenting task equivalency, and specific 

challenges in data analysis [99]. Many of these challenges of task-related fMRI are even greater in children 

with cerebral palsy in comparison to adult populations. As a group, the brain pathology and morphology of 

children with cerebral palsy is highly heterogeneous and often markedly abnormal owing to the wide range 

of aetiological processes and the early stage of development at which these processes occur. Additionally, 

clear relationships between brain structure and a child’s function have been challenging to establish [98]. 

These factors make standard functional neuroimaging analysis extremely challenging and at risk of limitation 

in the CP population [100]. Reid et al. make the case that multimodal imaging enables these unique 

challenges to be addressed and increases the robustness of functional neuroimaging research [99]. 

This study attempts to reduce the influence of Reid’s cited confounds in a number of ways. First, we have 

selected long block lengths to reduce effects of abnormal haemodynamic responses. Second, we expect to 

scan a meaningful number of participants to reduce bias caused by a small number of unusual cases. Third, 

participants will receive extensive task practice prior to entering the scanner, including in a mock-scanner 

scenario, reducing differential task anxiety and familiarity between scans. Fourth, we have selected a task 

with minimal active response required from the participant and should not be substantially more difficult for 

participants with poorer motor abilities [37, 81]. Fifth, we avoid voxelwise analyses which may be 
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invalidated by pathology. Finally, fMRI analyses will be interpreted in the context of independent clinical 

scores, measures of cortical thickness, and diffusion measurements of white matter. 

Traditional diffusion MRI. Traditional diffusion MRI (dMRI) analysis methods make assumptions 

about brain structure-function relationships that may not hold in the context of significant brain 

pathology and cortical reorganisation, as occurs in children with CP [99]. To overcome this 

challenge, surface-based-fMRI guided tractography will be utilised, as previously demonstrated in 

children with CP [99], to extract thalamocortical tracts.  

Mean FA will be taken for thalamocortical tracts at each time point, and entered into an ANOVA to test for 

(A) the effects of time-point, to test for brain changes, and (B) a time-point – treatment interaction, to test 

whether treatments evoke different degrees of brain change.  

 

Data Management 

Data will be de-identified by way of a code. No personal details will be recorded on any assessment 

documents. All data will be kept in a locked filing cabinet in a locked room or on a password protected 

computer in a locked room. Assessments that require identifiable video footage will be stored securely in a 

locked filing cabinet in a stored room. fMRI imaging will be stored securely on the password protected WA 

Department of Health electronic radiology imaging system.  Scores and data maintained electronically will 

be on computers that are password protected. No identifiable data will be published. Only the research team 

will have access to identifiable information. No identifiable data will be published.  

To ensure data quality double data entry will be undertaken for a random 10% of the sample. Furthermore, 

the investigator undertaking data consolidation for statistical analyses will have access to the raw data forms 

and will be able to review anomalies. 

 

Monitoring  

This study is subject to annual review by the Perth Children’s hospital HREC. Any changes to the study 

protocol must first be submitted to the HREC for approval before implementation. Any changes will be 

communicated to investigators, participants and trial registries by the primary investigators (BM and MBl). 

Any changes to this protocol will be clearly reported in associated publications. All adverse events and any 

unanticipated harms will be reported directly to the HREC by the CI who will also maintain a register for the 

annual review. Because the interventions in this study are activity-based, have been observed to be safe and 

have a duration of six weeks with no outcomes measured during that period, a data monitoring committee 

will not be utilised. 
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Dissemination plan 

This research will be disseminated by journal publications, workshops, conferences and newsletters to 

stakeholders, including consumers, of Perth Children’s Hospital. Authorship on publications will be guided 

by the Telethon Kids Institute Responsible Practice of Research policy. 

 

6.4 Discussion 

This study is a phase II comparative clinical trial [101], that builds on the findings of the recently completed 

phase I feasibility trial, reported by McLean et al [47]. This comparative clinical trial will make a substantial 

contribution to our current knowledge base by exploring the efficacy of a somatosensory discrimination 

approach for children with CP, as well as observing changes in brain function and structure following a 

somatosensory intervention. This study will also be the first to compare a somatosensory intervention 

approach in children with HCP with a dose matched evidence based motor function focused intervention, in 

this case goal directed therapy via home program. It will provide valuable insights into treatment 

effectiveness and the underlying mechanism for change in the use of somatosensory discrimination training 

and will add to existing literature concerning the use of home programs. If children gain benefit from 

somatosensory discrimination training and increase their use of their affected hand and can transfer those 

skills to novel tasks, such as the children in our pilot work, this will improve functional independence and 

long-term outcomes for children with HCP. Understanding how a somatosensory approach may impact hand 

use, a child’s functional independence and self-efficacy will be an important contribution. Further to this, 

knowing whether a home program alone, without emphasis on sensory stimuli involved in any purposeful 

activity could have an incidental effect on somatosensory function, will also be an important finding. Results 

of this study will be disseminated widely through publications, international academic conferences and 

elsewhere as guided by our consumer representative. 

 

6.7 List of abbreviations 

Ad-AHA – Adolescent Assisting Hand Assessment 

AHA – Assisting Hand Assessment 

ANOVA – Analysis of Variance 

CFCS – Communication Function Classification System 

CONSORT- Consolidated Standards of Reporting Trials  

COPM – Canadian Occupational Performance Measure 

CNS – Central Nervous System 
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CP – Cerebral Palsy 

EPI – Echo Planar Imaging  

GAS – Goal Attainment Scaling 

GRE – Gradient Echo  

FA - Fractional anisotropy 

FLAIR – Fluid Attenuation Inversion Recovery  

GMFCS-E&R - Gross Motor Function Classification Scale- Expanded and Revised 

HAT – Hypertonicity Assessment Tool 

HCP – Hemiplegic Cerebral Palsy 

HREC – Human Research Ethics Committee 

ICF – International Classification of Functioning, Disability and Health 

MACS – Manual Ability Classification System 

MEG - Magnetoencephalography 

MPR – Multiplanar Reformatting  

MRI – Magnetic Resonance Imaging 

dMRI – diffusion Magnetic Resonance Imaging 

fMRI – functional Magnetic Resonance Imaging 

PCH – Perth Children’s Hospital 

SCUES - Selective Control of the Upper Extremity Scale 

SEP – Somatosensory evoked potentials 
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Chapter 7 Synthesis of Results 

This thesis investigated the need for intervention to remediate somatosensory impairments in 

children with HCP and provides evidence of feasibility for one such intervention, Sense© 

somatosensory discrimination training. Consumer engagement enabled modifications to this 

intervention to improve translation to the real-world environment.  

7.1 Importance of somatosensory 

discrimination  

We observed somatosensory discrimination impairment in 82% of our cohort of children with 

HCP. Chapter two showed that each of the discriminative somatosensory domains measured 

(tactile discrimination, body position sense and haptic object recognition) correlated either 

moderately or strongly with unimanual gross manual dexterity. These associations between 

somatosensory discrimination and gross manual dexterity reinforce the functional importance of 

somatosensory capacity. Table 4 in chapter two further demonstrates the impact on motor 

performance with more than 70% of children having impairment in more than one domain of 

somatosensory discrimination. Unsurprisingly the children who performed most poorly on the 

measure of gross manual dexterity were children who, in addition to somatosensory 

discrimination impairment, had impaired single point localisation at the level of protective 

touch. Somatosensory discrimination has a clear and important impact on a child’s hand-use and 

there is a strong need for evidence based treatment options for treating therapists. 

7.2 Somatosensory interventions  

Chapter 2 highlighted the paucity of literature in the realm of interventions for somatosensory 

discrimination functions in children with CP. A systematic review of interventions addressing 

somatosensory impairments in children with HCP was undertaken that resulted in identifying 

one phase I clinical trial testing proof of concept of a position matching intervention. While this 

intervention demonstrated an immediate improvement following a period of practice with 

multimodal feedback, gains were not maintained one week later. The lack of effective 

interventions to address somatosensory impairments in children was highlighted by this 

systematic review. While this review did not examine the adult literature, a subsequent 

systematic review recommended trialling two interventions from adult stroke survivor literature, 

one of those being Sense© somatosensory discrimination training.  
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7.3 Trialling an adult oriented intervention 

with children 

Interventions are commonly reviewed in adult populations when there are gaps in paediatric 

literature. There can be challenges when implementing interventions designed for adult 

populations, such as Sense© somatosensory discrimination training with a paediatric population. 

Adult patients are largely self-directed while children are rarely self-referred and parent support 

is often required. It is also important to be mindful of whether an intervention that works with 

an acquired cortical injury that was once a typically functioning system will also work in a 

system that has never functioned typically.   

Sense© somatosensory discrimination training is based on principles of perceptual learning and 

learning dependent neural plasticity. The use of these learning approaches is congruous with 

motor learning principles which have been used with great success in paediatric HCP resulting 

in observable changes to brain regions for some children following intervention. The Sense© 

training principles include active exploration with vision occluded, multimodal calibration with 

vision and with the somatosensation in the less impaired hand, feedback on results and method 

of exploration, practice with repetition, increasing challenge and transfer to untrained stimuli 

because of the broad exposure of different stimuli in practice. The use of Sense© principles in 

occupational performance has also been investigated with adults and we chose to include this 

occupational component in the first investigation of the efficacy of Sense© somatosensory 

discrimination training with children. 

In a cohort of 17 children, 7 in the intervention group and 10 in the control, Sense© 

somatosensory discrimination training was effective in improving body position sense, goal 

performance and bimanual hand-use with maintenance at six-months follow-up. This is an 

important finding and should reassure paediatric clinicians and researchers that it is possible to 

positively modify performance in a somatosensory domain. The functional gains are important 

as well and further research was encouraged to examine whether the improvements in 

proprioception are associated with improved goal attainment and hand-use.  

From a quantitative perspective Sense© somatosensory discrimination training shows promise 

as an intervention to remediate somatosensory impairments in children with CP. However, 

being an intervention designed for an adult population it was important to explore what 

elements of Sense© somatosensory discrimination training were engaging for children and their 

families and if there was opportunities to modify the intervention to best suit a paediatric 

population. 
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7.4 Consumer perspective 

The importance of consumer perspectives to inform intervention design cannot be overstated.  

As the end user of interventions and the people that will be required to make accommodations 

in their busy lives to be able to engage in therapies it is necessary to ensure that interventions 

are acceptable to the target population and provide worthwhile benefits. 

Children and parents in our Sense© somatosensory discrimination pilot valued the intervention 

because both children and parents observed real world gains as children achieved goals that 

parent’s “never thought” their child could do. Real world gains were the most important feature 

of Sense© somatosensory discrimination training from an engagement perspective, followed 

closely by the flexibility of scheduling appointments and rapport with the therapist. The most 

glaring barrier that prevented ongoing engagement once therapy had ceased was that parents 

had not been adequately supported to be able to support their child in the intervention 

principles. Parents had largely been observers of the intervention and, despite attempts to 

provide education throughout the course of therapy, no effective transfer of skills was observed 

once the professionally administered intervention ceased. In the adult setting, stroke survivors 

perform this role themselves and have expertise in Sense© principles once formal intervention 

ceases. 

Partnering with parents as the expert in their child’s life and the person most likely to facilitate 

ongoing health behaviours in children is an important aspect of Family Centred Services. 

Paediatric services aim to deliver services to families that can be continued in families’ real 

world setting and one of the strategies that have been used is partner home programs. In partner 

home programs the therapist partners with parents to educate and empower them in how to help 

their child. Parents are the experts on their child and their environment and should be involved 

in how therapy is implemented in their homes. Sense© somatosensory discrimination training 

has been modified to reflect these principles and is now known as Sense© for Kids. In Sense© 

for Kids the therapist will continue to provide subcomponent training in tactile discrimination, 

haptic object recognition and body position sense. They will partner with the parent to provide 

the occupational performance component of Sense© for Kids. The training principles will 

remain the same but the therapist will use coaching with the parent to couple the principles of 

training to the home environment and the therapist will grade and support the advancement of 

parent and child practice during feedback sessions during the therapist’s visits. This will see 

therapist contact reduced from three times to two times per week and allow for families to find 

15 to 20-minute blocks for practice within their routine that work best for them. It is hoped that 

this model will have the added benefit not only of educating and empowering families in how 

best to help their child, thereby maximising and maintaining real world gains, but also that the 

appeal to service providers will increase in a funding limited environment.  
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7.5 Theoretical Framework 

In chapter 1 a theoretical framework was outlined, highlighting essential elements of an 

intervention to improve somatosensory function for a paediatric HCP population. That figure is 

reproduced below with an important change. The framework is made up of principles of 

learning dependent neural plasticity and perceptual learning because these are essential 

theoretical elements of the intervention as it was designed for adults and are appropriate 

theoretical approaches for children with HCP. Engagement theory was included in 

acknowledgement that children rarely self-refer for therapy services and best outcomes are 

achieved when participants are invested in therapeutic activities. Rather than a simple addition 

to our theoretical framework, engagement was revealed to be a supportive element in all aspects 

of the intervention. Parent coaching is a new addition to this framework arising from consumer 

engagement. It was revealed that to have lasting effect beyond therapist-led sessions, parents 

need to be involved in therapy. Parent coaching will provide parents with the skills they need to 

carry out aspects of the Sense© intervention and support their children to integrate the principles 

of training into daily life. These changes are reflected in Figure 7.1. 

 

Figure 7.1 Theoretical framework underpinning the development and implementation of the 

Sense© for Kids intervention. 
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In chapter 1 ingredients for a successful motor learning intervention were presented. These 

ingredients are task-based, repetitive practice with increasing challenge. Sense© for Kids is 

based in learning principles and incorporates these same ingredients. Drawing on perceptual 

learning principles Sense© facilitates learning to discriminate between large and progressively 

finer differences in salient somatosensory stimuli. Sense© for Kids then utilises a task selected 

by the child to practice integrating improved somatosensory discrimination into whole task 

practice. The self-selection of goals facilitates a sense of autonomy and relatedness and the 

achievement of these supports a growing sense of competence.   

Occupational performance was included as one of the areas for training at the outset of 

investigating Sense© with children with HCP. This was important because to engage children in 

therapeutic activities it is essential that the tasks are personally meaningful. Through consumer 

involvement it was revealed that it was the achievement of self-selected goals that had the 

greatest impact on children’s and parent’s engagement with the intervention. As children gained 

an increasing sense of competence in important self-selected goals, their commitment increased 

and so the repetitive practice and increasing challenge in discrimination tasks were tolerable and 

celebrated.  

On commencement, the engagement of parents was not closely considered and was only later 

revealed to be an important element of Sense© for Kids. Allowing parents to observe was not an 

effective strategy to facilitate adequate skill development for them to be able to continue to 

support their child following the cessation of formal intervention. Parents understood the 

relevance of Sense© and observed their children’s increasing competence in their self-selected 

goals, but they did not have the competence to continue to support gains. Partnering with 

parents and providing them with the necessary skills to implement Sense© in their real-world 

contexts through coaching is key. 

7.6 Future Directions 

These studies support the importance of further investigation of Sense© for Kids as a promising 

intervention to remediate somatosensory impairment and promote manual function for children 

with HCP. A protocol paper has been prepared for publication and is presented in chapter six. 

This protocol is for a fully funded randomised control trial comparing Sense© for Kids with 

Goal Directed Training via Home Program, an evidence based intervention for children with 

CP. Comparing Sense© for Kids with an evidence based intervention will help answer important 

questions such as does working to remediate somatosensory impairments have added benefit 

over a motor learning approach? Because Sense© somatosensory discrimination training is 

based on principles of neuroplasticity and has demonstrated changes in brain regions and  
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networks in an adult population neuroimaging has been included as an outcome measure. 

Including neuroimaging will help to answer important questions to increase our current 

understanding about the lateralisation of somatosensory processing following a congenital brain 

injury or malformation and whether altering neural networks associated with somatosensory 

processing is possible.  

An important future direction will be modifying the intervention for use with infants. The field 

of neurorehabilitation recognises that the best time for intervention is with very young children, 

under the age of two. Infants begin exploring objects with their hands and mouths, learning 

about object properties around the age of four and a half months and this would be the ideal 

time to commence. Since such a large proportion of children with HCP have somatosensory 

impairment there is good reason to provide intervention to all infants at risk. How the 

intervention would be delivered and how to facilitate engagement in this age group are areas for 

future investigation. Outcome measures specifically addressing somatosensory impairment to 

observe change in this capacity also provide a challenge for future investigation. 

Treatment fidelity is an essential component of ensuring children receive an intervention as 

intended. To achieve this end treatment fidelity checklists have been developed for both the 

Sense© for Kids and the Goal Directed Training via Home Program. These checklists were 

designed using treatment fidelity literature as well as intervention specific literature. While there 

remains the need to validate them, these checklists provide treatment fidelity tools for 

researchers and clinicians who are using either intervention and provide a guide for others 

seeking to develop a fidelity checklist for other interventions. 

7.7 Summary 

These studies provided evidence to support the need for interventions to remediate 

somatosensory impairment in children with CP. An intervention sourced from adult literature 

was trialled and modified following promising pilot work and consumer engagement. A plain 

language summary has been created in partnership with consumers to disseminate these findings 

to children and their families, see Figure 7.2. A fully funded, registered randomised control trial 

is due to commence in 2018 to provide level II evidence.  
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Figure 7.2 Plain Language Summary of Thesis- reviewed by consumers 



130 

 

 

Chapter 8 Appendices 



 

131 

8.1 Approval from Princess Margaret Hospital Human 

Research Ethics Committee 

 



132 

 

 



 

133 

8.2 Approval from the University of Western Australia 

Human Research Ethics Committee 

 



134 

8.3 Parent Information Forms 

 



 

135 

 



136 

 



 

137 

 



138 

8.4 Child Participant Information Forms 

 



 

139 

 



140 

 



 

141 

 



142 

8.5 Participant Consent Form 
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8.6 Focus Group Parent Information Form 
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8.7 Child Focus Group Information Form 
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Appendix A.8 Focus Group Consent Form 

8.8 Focus Group Consent Form 
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8.9 Focus Group Questions/Prompts 
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8.10 sense_assess© kids Score Form 
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8.11 Canadian Occupational Performance Measure 
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8.12  The Assisting Hand Assessment Score Form  
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8.13  The Box and Block Test 
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8.14  Manual Ability Classification Guide 
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8.15 Sense© for Kids Treatment Fidelity Checklist 
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8.16 Goal Directed Therapy via Home Program Treatment 

Fidelity Checklist 
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8.17 Chapter 4 Published in the May/June issue of the 

American Occupational Therapy Journal. 
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8.18 Chapter 5 Published on the 16th of August 2018 online in 

Developmental Neurorehabilitation. 
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8.25 Co-authored paper- In Press in the British Journal of 

Occupational Therapy. 

Assessment of body sensations in children:  age related effects and reliability *In 

Press British Journal of Occupational Therapy 

Susan Taylor1,3, Belinda McLean2,3, Torbjorn Falkmer1, Leeanne Carey4,5, Sonya 

Girdler1,6, Catherine Elliott1,3, Eve Blair6 

1Curtin University, Perth, Australia; 2University of Western Australia, Perth, Australia; 3Princess 

Margaret Hospital for Children, Perth, Australia; 4La Trobe University, Melbourne, Australia; 5The 

Florey Institute of Neuroscience and Mental Health, Melbourne, Australia; 6Telethon Kids Institute, 

Perth, Australia 

Abstract  

Introduction: Somatosensation is essential for all gross and fine motor skills. 

Impaired somatosensory functions such as touch sensation, limb position sense 

(proprioception) or haptic ability can delay learning new motor tasks and limit activity 

and participation. We aimed to provide normative data for the SenScreen© Sensory 

Screening Tool subtests of touch, wrist position sense and haptic object recognition in 

typically developing (TD) children and adolescents and investigate their intrarater 

reliability 

Methods: A cross-sectional study of 88 TD children aged 6 to15 years (mean age = 

10.3yrs; SD = 2.6yrs) was used to determine the effects of age and gender on 

somatosensory capacity as measured by the SenScreen©. Intrarater reliability of 

SenScreen© subtests and the Small Objects component of the Jebsen Taylor Hand 

Function Test (JTHFT) was assessed in 22 of the 88 participants (mean age = 8.8yrs; 

SD = 2.6yrs). The SenScreen© test battery consists of the Protective Touch Test 

(PTT), Tactile Discrimination Test (TDT), functional Tactile Object Recognition Test 

(fTORT), and the Wrist Position Sense Test (WPST).  

Results:  Statistically significant differences were observed between age groups for 

tactile discrimination, wrist position sense and haptic object recognition, but not for 

touch registration for which all except one participant achieved a maximum score.  

There was no effect of gender.  The PTT, fTORT, WPST and JTHFT demonstrated 

good intrarater agreement between time-points, but the TDT did not. 
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Conclusions: Somatosensory capacity increases with age for TD children aged 6 to 

15 years. Three subtests of the SenScreen© demonstrated intrarater reliability with TD 

children. Further investigation of reliability of the TDT is required, and all subtests 

require psychometric testing with clinical populations.  

Introduction 

Somatosensation refers to our ability to detect, recognise and discriminate body 

(somato) sensations. An intact somatosensory system maintains our capacity to detect 

changes in the external and internal environments (Marieb & Hoehn, 2007). 

Somatosensation includes the tactile and proprioceptive ability essential for skilled 

movements of the hand and finer movements of the fingers (Krumlinde-Sundholm & 

Eliasson, 2002; Pehoski, 2006a; Stillman, 2002; Yu, 2012). Somatosensory inputs are 

also involved in more complex central nervous system processes such as haptic object 

recognition and emotional responses to pain or itch (Carey, 2012). The term ‘touch’ 

includes tactile registration and tactile perception, including light touch, touch 

sensitivity, tactile spatial resolution and tactile discrimination (Auld et al., 2012b; Bair 

et al., 2011; Bleyenheuft et al., 2006; Riquelme et al., 2011). Tactile sensation allows 

us to register threats such as pain, tell apart sharp and dull objects or different surface 

textures, process communicative touch from others and facilitate exploration of novel 

objects from a very young age (Dunn et al., 2013; Lederman and Klatzky, 2009).   

Proprioception allows continuous adaptation to the environment (Stillman, 2002). It guides 

fine motor movements such as position of the wrist, precision grip and calibration of the 

pressure required for hand writing (Bumin & Kavak, 2010). Proprioception involves both 

static and dynamic components including limb position sense and movement sense and has a 

direct influence on coordinated movement (Goble et al., 2005). Haptic object recognition 

converts tactile stimuli into identifiable information such as object texture, hardness, 

temperature, weight and shape (Kalagher & Jones, 2011). The development of haptic object 

recognition using in-hand manipulation underlies a child’s ability to control objects 

necessary for educational activities, such as handwriting and has been shown to directly 

contribute to cognitive development in infancy (Case-Smith, 2010; Yu, 2012; Pehoski, 

2006b).  
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Impairments in sensation can impede the development of new motor tasks (Krumlinde-

Sundholm & Eliasson, 2002). Proficient touch, limb position sense and haptic object 

recognition are important capacities of an intact somatosensory system, impacting on the 

functional use of the upper limb, particularly the hand (Bernstein et al., 2006; Carey et al., 

1996). Information provided by the somatosensory system is crucial for typical childhood 

development with children relying on cross validation between vision and the somatic senses 

when using their hands (Bremner et al., 2008; Carey, 2012).  In adults, the loss of somatic 

sensation impacts on the tactile abilities needed to perform daily activities and for children 

deficits in sensation are strongly related to impaired dexterity (Carey et al., 2011a; Krumlinde-

Sundholm & Eliasson, 2002).  

In order to appraise an individual’s somatosensory capacity therapists must first be able to 

measure it (Fess, 2002).  Quantifying somatosensory capacity is vital in understanding the 

impact of impairment on function, and provides information to guide treatment planning 

(Carey et al., 2011b; Fess, 2002). While assessments of fine motor ability are prevalent, there 

is a lack of comprehensive somatosensory assessments available for children (Auld et al., 

2011; de Bruin, 2008; Stewart, 2010). Many assessments do not have documented validity or 

reliability in paediatrics, or lack standardised procedures increasing the risk of administrator 

and patient bias (Bentzel, 2008; Fess, 2002; Novak et al., 1993; Tassler & Dellon, 1995). 

Current best practice outcome measures for individual components of somatosensation are the 

Semmes-Weinstein monofilaments (Weinstein, 1993), and static and moving two-point 

discrimination (MacKinnon & Dellon, 1985) for touch registration and perception, haptic to 

visual object matching for haptic object recognition using the Klingels method (Klingels et al., 

2010), and limb matching for proprioception of the upper limb (Auld et al., 2011; 2012b; 

Bentzel, 2008). However, the tactile assessments only measure one aspect of somatosensation 

and do not reflect functional ability. There is no standardised protocol for testing 

proprioception, and  the lack of novel objects in the Klingels can produce a ceiling effect 

leaving no criterion standard against which to comprehensively measure somatosensory 

capacity for children (Bentzel, 2008; Boop, 2009; DeMatteo et al., 1993; Pei-Fang et al., 1998; 

Scheer et al., 1994; Wang et al., 2006). 
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This paper describes a new evidenced based, standardised measure of somatosensation capacity 

for use with children and youth. The SenScreen© Sensory Screening Tool has been developed 

for adults who experience somatosensory loss following stroke.  The complete adult assessment 

includes the Sensory Questionnaire identifying awareness of any changes in or loss of body 

sensation and impact on limb function and daily activities following stroke. The Protective 

Touch Test (PTT) which measures touch registration, close to the level of protective sensation 

across regions of the dorsal and palmar aspects of the hands, uses the 4.56 monofilament of the 

Touch-Test® Sensory Evaluator kit (Touch-Test® Sensory Evaluator). The Tactile 

Discrimination Test (TDT) (Carey et al., 1997) measures the ability to discriminate differences 

in finely graded textured surfaces using a three-alternative forced choice design.  

The functional Tactile Object Recognition Test (fTORT) (Carey et al., 2006) is designed to 

test recognition of objects through touch without vision. Objects are displayed on a response 

poster and identical objects are provided for manipulation. Accuracy (correct identification 

of objects), time taken to explore objects and type of exploratory procedures are recorded as 

part of the test protocol. The Wrist Position Sense Test (WPST) (Carey et al., 1996) 

measures the capacity to identify wrist angle in the flexion-extension range following 

imposed movements by the therapist. The box-like apparatus uses a protractor scale to 

measure degrees of error. Fine motor ability is measured by recording the time taken to place 

six items into a can during the Small Objects component of The Jebsen Taylor Hand 

Function Test (JTHFT) (Jebsen, 1969). The Hand Function Survey - Brief Version 

(Blennerhassett et al., 2010) tests the ability to use the hand in daily activities and the Hot 

Cold Discrimination Test (Roylan® Hot Cold Discrimination Test Kit) assesses temperature 

discrimination.  

A paediatric specific assessment tool of somatosensation would make it possible to 

understand the somatosensory functioning of children and adolescents. Therefore, our main 

aim was to adapt the relevant subtests of the SenScreen© and test their intrarater reliability 

for use with typically developing (TD) children aged 6 to 15 years.  Secondly, we 

investigated if somatosensory capacity increased with age for TD children and adolescents 

including protective touch, tactile discrimination, haptic object recognition, wrist position 

sense and fine motor ability. Our first undertaking was to adapt the adult SenScreen© test 

battery for paediatric use. The self-report subsets; Sensory Questionnaire and Hand Function 

Survey were excluded from the battery because they required responses about daily activities 

that were not related to children and there was a need to reduce the administration duration 

for children.  
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The Hot Cold Discrimination Test was removed because there was a broader aim to develop a 

sensory training program involving somatosensory measurement and treatment and the 

intervention was not designed to ameliorate the somatosensory domain of temperature (McLean 

et al., 2017a).  The remaining four SenScreen© subtests were as follows: Protective Touch Test 

(PTT), Tactile Discrimination Test (TDT), functional Tactile Object Recognition Test (fTORT), 

and Wrist Position Sense Test (WPST). Modification involved simplifying the standardised test 

instructions, modifying the assessment manual, test protocol and size of test equipment for a 

younger population. The adapted battery was renamed the SenScreen© Kids. The Jebsen Taylor 

Hand Function Test - Small Objects (JTHFT) was retained as an adjunct measure of uni-manual 

hand function to allow for future investigation of the relationship between somatosensation and 

motor function.  

Methods 

With a convenience sample of 88 TD children and adolescents aged 6 to15 years,  a 

cross-sectional design was used to measure somatosensory capacity by gender and age 

in 3 strata: <8.9, 9-11.9 and >12 years. Twenty-two of these children were assessed 

again approximately 3 weeks later to investigate the intrarater reliability of the 

SenScreen© Kids.  Ethical approval was granted by Edith Cowan University Ethics 

Committee, Perth, Western Australia (#8071), and each parent and/or guardian gave 

written informed consent, while all participants gave verbal assent. Recruitment 

occurred via professional and personal contacts between March 2012 and December 

2013. Participants were assessed in their own homes at a time most convenient to the 

individual and family. Statistical methods included Bland Altman plots and exact 

agreement for the reliability study, and one way ANOVAs and Chi-Square tests for 

the developmental study. 

Results  

The sample comprised 49 girls and 39 boys (mean age = 10.3yrs; SD = 2.6yrs). The 

majority of participants (n = 79) had right hand dominance. Reliability data collection 

involved 14 girls and 8 boys (mean age = 8.8; SD = 2.6). Not all participants were 

measured with all subtests.  

Developmental study: Statistically significant differences were established between 

age groups for tactile discrimination, wrist position sense and haptic object recognition 

but not tactile registration (Table 1). Results are presented for the left and right hands, 
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not by hand dominance. For tactile registration, children across all age groups for the 

right hand achieved 100% accuracy out of a possible six points (mean = 6; SD = .00). 

Only nine of the 88 participants in our sample had left-hand dominance therefore 

developmental differences in hand dominance was not analysed. Post hoc analysis 

revealed that the statistical significant differences existed between the <8.9 and 9 to 11.9 

year age group and <8.9 and 12+ age group for tactile discrimination and haptic object 

recognition, and between the <8.9 and 9 to 11.9 year age group for wrist position sense. 

The relationship between gender and performance on the SenScreen© Kids subtests was 

not statistically significant: TDT right (X2 (30) = 32.175, p = .36), left X2 (35) = 35.213, 

p = .46); fTORT right (X2 (7) = 3.051, p = .88), left (X2 (7) = 9.122, p = .24), WPST right 

X2 (45) = 43.216, p = .55), left X2 (44) = 45.919, p = .39). 

Table 1 SenScreen© Kids subtest scores and somatosensory domain measured 

 Age group  

Subtest  

<8.9 years 

M (SD) 

9 - 11.9years 

M (SD) 

12+ years 

M (SD) 

P 

value 

PTT Tactile registration 

N=56 

Right hand 

Left hand 

n=21 

6.0 (.00) 

5.9 (.22) 

n=18 

6.0 (.00) 

6.0 (.00) 

n=17 

6.0 (.00) 

6.0 (.00) 

 

 

.44 

TDT Tactile discrimination  

N=45 

Right hand  

Left hand  

n=14 

47.94 (21.74)  

38.45 (15.51) 

n=14 

64.12 (17.97)  

60.87 (24.00) 

n=17 

69.08 (12.33)  

72.16 (19.11) 

 

.005 

.000 

fTORT Haptic ability  

N=69 

Right hand  

Left hand  

n=22 

39 (2) 

38 (3) 

n=24 

40 (2) 

40 (2) 

n=23 

41 (1) 

40 (1) 

 

.000 

.006 

WPST Wrist position sense  

N=52 

Right hand  

Left hand  

n=18 

13.8 (5.2)  

15.6 (6.5)  

n=17 

11.7 (2.7)  

12.3 (4.3) 

n=17 

10 (3.5)  

11 (5.2) 

 

.04 

.03 
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Note. TDT = Tactile Discrimination Test; fTORT = functional Tactile Object Recognition Test; WPST 

= Wrist Position Sense Test; JTHFT = Jebsen Taylor Hand Function Test; RH = right hand; LH = left 

hand; LOA = Limits of agreement; CI = confidence interval. 

Reliability study: Three of the four SenScreen© subtests, and the JTHFT 

demonstrated good agreement between time-points (Table 2). Percent exact agreement 

was 99%-100% for the PTT, and the limits of agreement were small for the WPST 

right hand, fTORT and the JTHFT. The limits of agreement were wide for the TDT, 

and the WPST left hand; indicating poor intrarater reliability.  

Table 2 Test re-test scores for the SenScreen© Kids subtests 

Subtest Sample  

N=22 

TDT 

Accuracy 

fTORT 

Accuracy 

fTORT 

Time 

WPST 

Degrees 

JTHFT 

Time 

Mean difference RH 2.41 0.41 -0.14 -1.59 -0.87 

LOA -83.65 – 88.48 -1.90 – 2.72 -0.99 – 0.70 -12.98 – 9.81 4.65 – 2.91 

95% CI -9.35 – 14.17 -0.11 – 0.93 -0.33 – 0.05 -4.23 – 1.06 -1.73 – -0.01 

Mean difference LH 2.80 0.73 -0.11 -3.02 -1.39 

LOA -78.90 – 84.50 -1.70 – 3.16 -0.77 – 0.55 -15.87 – 9.82 -4.78 – 1.99 

95% CI -8.37 – 13.96 0.18 – 1.28 -0.26 – 0.04 -5.93 – -0.12 -2.16 – -0.63 

Note. TDT = Tactile Discrimination Test; fTORT = functional Tactile Object Recognition Test; WPST 

= Wrist Position Sense Test; JTHFT = Jebsen Taylor Hand Function Test; RH = right hand; LH = left 

hand; LOA = Limits of agreement; CI = confidence interval. 

Discussion 

In the current study, good intrarater agreement was established for the PTT with 

children and adolescents similar to other studies involving the Semmes-Weinstein 

monofilaments and adults with median nerve injury (mean Intraclass Correlation 

Coefficient of 0.78 across test areas of the shoulder, wrist, hip and ankle) (Thibault et 

al, 1994). We also found that the TDT, fTORT and WPST demonstrated good 

intrarater agreement across two time-points. Similar to studies involving adults post-

stroke where each measure achieved high reliability (r = .85 to .92) (Carey et al., 1996; 

1997; Carey, Macdonell, & Matyas, 2011a). Jebsen, (1969) found the JTHFT to have 

moderate to high reliability (r = 0.60 to 0.99) within a healthy population aged 20 to 

94 years and in our sample of TD children the JTHFT also demonstrated good 

intrarater agreement.  
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The current study found that tactile discrimination increases with age. Our finding supports the 

work by Shiah et al. (2011) and Ardila et al. (2011) who calculated a positive effect of age on 

touch sensation for children and adolescents aged 2 to 24 years. We also found that 

proprioceptive accuracy improves with age, with maximal error seen for children in the 

youngest age group (<8.9 years). This supports findings by Contreras-Vidal, (2006) and Goble 

et al. (2005) who reported that movement coordination and accuracy of limb position increases 

from ages 5 to 11 years. Children in our study demonstrated increased haptic object 

recognition ability with age which supports previous research by Kalagher and Jones. (2011) 

who reported the capacity to extract object properties and accurately identify objects through 

haptic exploration improved with age from childhood to young adulthood. It is expected that 

TD children and adolescents have intact protective touch sensation which was supported in the 

current study. The utility of the PTT will be in its ability to screen for deficits in children at risk 

of somatosensory impairment, such as those with cerebral palsy and will enhance the 

individual’s somatosensory capacity profile when combined with other SenScreen© Kids 

subtests. Due to the limitations in our sample, the effects of hand dominance on the 

development of somatosensory capacity could not be explored. Future research is 

recommended to include a greater number of participants with an equal distribution of left and 

right hand dominance. Our main aim was to examine the suitability of an adult assessment tool 

for paediatric use. The tool now needs to be examined for test-retest reliability, validity, 

sensitivity and responsiveness in a clinical population.  

Previously unavailable intrarater reliability data for the four subtests of the SenScreen© Kids 

has been provided for children and adolescents. The current study has determined that three 

of the SenScreen© Kids subtests are reliable for use with TD children and adolescents aged 

6 to 15 years. Data from TD participants provides the SenScreen© Kids with objectively 

defined criteria of abnormality. These standards may be used as a point of reference in 

clinical practice where previously, normative data existed only for adults. This initial work 

will lead to providing clinicians with an evidenced based comprehensive assessment tool to 

measure somatosensory capacity, support frameworks for intervention protocols and enable 

comparison between clinical groups. 
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Abstract 

Introduction: The development and validation of assessment tools for children with 

neurological conditions is important to evaluate changes in outcomes following 

intervention. This study investigated the construct validity, test re-test reliability and 

responsiveness of the Wrist Position Sense Test (WPST) for children with cerebral 

palsy (CP). 

Methods: A cross-sectional study of 28 children with spastic hemiplegic CP (mean 

age 10y 8m; SD 2y 4m; 16 male) and 39 typically developing (TD) children (mean 

age 11y; SD 2.9y; 19 male) was employed to investigate construct validity and 

association with an upper limb activity measure the Box and Block Test (BBT).  

Twenty-two TD children were tested at a second time-point to examine test re-test 

reliability. Seventeen children with CP were randomly allocated to either a treatment 

(n = 10) or control (n = 7) group and assessed at four time-points to determine test 

responsiveness.  

Results: There was a significantly greater difference in mean error of indicated wrist 

position (p <.01) in children with CP at baseline (M = 21.6°, SD = 21.6°) than in TD 

children (M = 12.8°, SD = 11.0°). Larger WPST errors were associated with poorer 

performance on the BBT (p <.01) indicating a substantial association, and there was 

no consistent difference between time-points indicating good test re-test reliability. 

The WPST also demonstrated responsiveness to intervention with a statistically 

significant reduction in mean error following treatment (p <.001) that was not seen in 
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the control group (p = 0.28). This WPST will be important to understand deficits, plan 

intervention and measure outcome effectiveness.  

Conclusion: The WPST demonstrated construct validity, good test re-test reliability 

and responsiveness to intervention, and was highly correlated with measures of activity 

and impairment. The WPST has potential to diagnose deficits, plan intervention and 

measure outcome effectiveness in children with CP. This study contributes to the 

establishment of psychometric properties for a novel clinical assessment tool and 

advances clinical measurement of wrist position sense for children with neurological 

conditions such as CP. 

Introduction 

Upper limb proprioception informs perceptual judgements of the physical position of 

the arms and hands in space and contributes to how efficiently the hands can execute 

daily motor tasks (Cooper, Majnemer, Rosenblatt, & Birnbaum, 1995; Dijkerman & 

de Haan, 2007; Krumlinde-Sundholm & Eliasson, 2002). Typical development of 

proprioceptive sensibility can be altered as a result of primary neonatal or antenatal 

brain injury (Rosenbaum, 2003). Cerebral palsy (CP) is a term used to describe a group 

of non-progressive, but often changing, disorders of the motor system that includes 

disturbances of sensation; such as proprioceptive deficits in 46% to 82% of individuals 

with CP (Bax et al., 2005; Cooper et al., 1995; McLean, Taylor, Valentine, Carey, & 

Elliott, 2017a; Van Heest, House, & Putnam, 1993). Motor impairment in CP may be 

caused by disruption to somatosensory pathways including those responsible for 

processing proprioceptive information (Hoon Jr et al., 2009). Accurate assessment of 

somatosensory impairment in children with CP would allow further understanding of 

this deficit, development of targeted interventions and also measurement of outcomes 

(Russo, 2011). 

Currently there are limited valid and reliable assessments of proprioceptive ability for use 

with children with CP (Connell & Tyson, 2012; Wingert, Burton, Sinclair, Brunstrom, & 

Damiano, 2009). Methods of measuring upper limb proprioception in research often employ 

electronic devices requiring a computer interface or camera, bulky custom built devices 

limited in portability, or experimental set-ups that require motor control of the affected limb 

(Dukelow et al., 2010; Wingert et al., 2009). Many lack standardised procedures, evidence of 

clinical utility or reported psychometric characteristics (Fuentes, Mostofsky, & Bastian,  
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2011; Klingels et al., 2010; Little et al., 2015; Smorenburg, Ledebt, Deconinck, & 

Savelsbergh, 2012). Traditionally, clinical measures of upper limb proprioception have 

required replication or between-limb matching of therapist imposed movements of the 

affected limb, verbal response to the passive direction of movement, or goniometers and 

active and passive joint angle scaling procedures (Carey, 1993; Klingels et al., 2010; 

Bentzel, 2008). These measures are often subjective in nature with little or no demonstrated 

reliability or sensitivity to detect changes over time (Carey, Oke, & Matyas,1996). 

The Wrist Position Sense Test (WPST) (Carey et al., 1996) was designed as a clinical tool to 

measure limb position sense  at the wrist in the flexion/extension range, in adults following a 

stroke. The outcome of interest is included in the International Classification of Functioning, 

Disability and Health (ICF) definition of body functions (B2: Additional Sensory Functions) 

of which proprioceptive function (B260) is one aspect (WHO, 2001). Because the WPST is a 

standardised and norm-referenced assessment, it differs from commonly used subjective 

measures. Due to the lack of measures of limb position sense for children with CP and the 

success of the test with adult stroke survivors (Carey et al., 1996), and preliminary evidence 

of the application of a brief version with typically developing (TD) children (Dunn et al., 

2013; 2015; Taylor et al., 2017b), the WPST was adapted to measure the same construct for 

children with CP aged 6 to 15 years. A recent evaluation of one aspect of clinical utility 

demonstrated the adapted tool’s clinical acceptability to a sample of children with CP aged 6 

to 15 years (Taylor et al., 2017d).  

There is emerging evidence to suggest that impairments in proprioception including limb 

position sense, impact an individual’s ability to perform motor tasks (Cooper et al., 1995; 

Krumlinde-Sundholm & Eliasson, 2002). However, it is not well known if measures of 

proprioceptive function are associated with measures of upper limb activity such as grasp 

and release. James et al. (2015) recently reported that current impairment measures do not 

consistently reflect gains in functional outcomes such as bimanual hand use or manual 

dexterity for children with CP affecting the upper extremity. They also concluded that 

activity measures correlated with each other more consistently than impairment measures, 

and are likely to provide more appropriate indicators of upper extremity function after 

surgery (James et al., 2015).  

The COnsensus-based Standards for the selection of health Measurement INstruments 

(COSMIN) (Mokkink et al., 2010) describes the measurement properties that constitute a 

quality assessment tool in health care and provides guidelines for measuring the 

psychometric properties of an assessment tool. The study design and subsequent reporting 

within the current paper were based on the COSMIN with the aim of producing a clear,  
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robust and reproducible research methodology. The psychometric properties evaluated in this 

paper adhere to the COSMIN taxonomy including validity, reliability and responsiveness 

(Mokkink et al., 2010). The COSMIN’s definition of measurement properties describes one 

aspect of construct validity as the degree to which the scores of the instrument are consistent 

with pre-determined hypotheses e.g. relationships to scores of other instruments, or 

differences between relevant groups. Because a standardised criterion measure of wrist 

position sense was not available at the time of data collection, we therefore examined the  

ability of the tool to discriminate differences in wrist position sense in children with and 

without expected impairment, and the relationship between the WPST and a measure of 

upper limb activity function as an outcome of interest in children with CP. Authors chose the 

Box and Block Test of Manual Dexterity (BBT) (Mathiowetz, Federman, & Wiemer, 1985a) 

as a test of association because it is a brief, validated and standardised upper limb activity 

measure for use with children with CP and could be used to compare scores with the WPST. 

Specifically, the current study aimed to investigate the construct validity of the WPST by 

looking at the differences between typically developing (TD) children and children with CP 

at one time-point. We hypothesised that the WPST would reflect known differences in wrist 

position sense performance between groups. We also examined the association between 

scores on the WPST and the BBT (Mathiowetz et al., 1985a) hypothesising that there would 

be a positive association between the measures. Test re-test intrarater reliability of the WPST 

was examined using Bland Altman plots to investigate differences in performance between 

two time-points (Bland & Altman, 2010). Finally, for responsiveness testing it was 

hypothesised that the WPST would detect significant differences between children receiving 

standard care and those additionally exposed to a novel somatosensory discrimination 

intervention (McLean, Taylor, Valentine, Carey, & Elliott, 2017a). 

Methods  

Study design 

Four different studies involving psychometric testing were conducted as part of this 

paper and involved the WPST and BBT as the primary outcome measures. Children 

with CP and TD children were tested with the WPST, with TD children being tested 

twice as part of the test re-test reliability study. Children with CP were also tested 

multiple times, pre and post an intervention, with the WPST and the BBT. The assessor 

was an occupational therapist who was trained in the use of the assessments. The 

assessor could not be blinded to groups (TD or CP) because of the clinical presentation 
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of children with CP. For the responsiveness study, the assessor was blinded to 

allocation of the participants with CP. The study was conducted in Perth, Western 

Australia and the data were collected in participant’s homes in metropolitan and semi-

rural areas of Perth. Recruitment for the TD participants occurred via professional and 

personal contacts and data collection for both TD and CP groups occurred between 

March  2013 and December 2014. The study protocol was approved by the Human 

Research Ethics Committee of Curtin University (#87) and Princess Margaret Hospital 

for Children (#2052), Perth, Australia. 

Construct validity study: Comparison of WPST between CP and TD children 

A cross-sectional study was employed to investigate construct validity. WPST scores 

obtained from TD children (n = 39) were compared with those of children with 

hemiplegic CP (n = 28) who are at risk of a proprioceptive deficit. Scores from the 

WPST from both groups were taken at one time-point, which was the baseline for the 

CP group prior to an intervention.  

Association study: Comparison between WPST and BBT in children with CP 

For the group with CP, scores on the WPST were also compared with scores from the 

BBT to determine presence of an associative relationship. Scores were taken at one 

time-point (baseline) prior to an intervention. 

Reliability study: Test-retest reliability in TD children  

For reliability testing a convenience sample from the total TD population included in 

the construct validity study were assessed with the WPST at two time-points by the 

same rater approximately three-weeks apart. 

Responsiveness study: Ability to detect change in WPST pre-post somatosensory 

intervention 

A recent random allocation intervention trial investigated the efficacy of a novel 

somatosensory intervention based on perceptual-learning to improve somatosensory 

discrimination in children with CP (McLean, Taylor, Valentine, Carey, & Elliott, 

2017b; Carey, Macdonell & Matyas, 2011). Australian New Zealand Clinical Trials 

Registry (ACTRN12614000314628). Children with hemiplegic CP were randomly 

allocated to a treatment (n = 7) or control group (n = 10). The treatment group received 

somatosensory discrimination training three times a week for six weeks in addition to 
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standard care while the control group received standard care only. The WPST (Carey 

et al., 1996) and the BBT (Mathiowetz et al., 1985a) were among the primary outcome 

measures administered at four time-points in the intervention trial.   

Participants 

Inclusion criteria for the construct validity and association study were children with 

spastic hemiplegic CP with a diagnosis confirmed by a paediatrician, aged 6 to15 

years. Exclusion criteria included surgery on the affected upper limb in the previous 

12 months or inability to understand or respond to simple instructions. Children 

without CP who participated in the construct validity and reliability study were a 

convenience sample of individuals aged 6 to 15 years. Eligibility criteria for the 

responsiveness study were the same as for the construct validity and association study 

plus presence of a proprioceptive impairment as measured by the WPST with relation 

to normative standards of mean error provided in this paper.  

Outcome measures 

The Wrist Position Sense Test 

The WPST administration manual and equipment was adapted from a version designed 

for adults (Carey et al., 1996). Adaptation of the standardised test instructions and 

testing procedure to a paediatric version considered the semantics and perceptual 

concepts appropriate to paediatric development (Berlin, Blank, & Rose, 1980; Bloom, 

2001). Pilot testing of the adapted assessment was undertaken with five TD school-

aged children (6 to 11 years old), a parent and a senior occupational therapist. The 

WPST has age-adjusted normative standards for adults in the age range 21 to 79 years, 

high reliability (r = .85 to .92) and good discriminative test properties (Carey et al., 

2011; Carey et al., 1996). The paediatric WPST of the current study has demonstrated 

clinical acceptability for use with children with CP aged 6 to 15 years (Taylor et al., 

2017d). A brief paediatric version of the WPST, validated as part of an earlier study 

by the authors demonstrated good agreement between two time-points using Bland 

Altman plots to investigate intrarater reliability (Bland & Altman, 2010; Taylor et al., 

2017c).  

Apparatus. The box-like apparatus (Figure 20) used two 180° protractor scales with 

markings at 1° intervals to measure degrees of wrist position sense error as a 
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continuous measurement scale. Participants sat in a chair facing the examiner with the 

apparatus on a table between them. The participant’s hand and wrist were occluded by 

the box during assessment. The forearm and hand were secured in separate 

thermoplastic splints on the lower protractor, with the wrist supported in the neutral 

position and elbow flexed at 90°. The hand splint was attached to a horizontal lever in 

a position that ensured repeatable and standardised movement of the wrist in the 

flexion-extension range. The axis of movement of the response pointer exactly 

matched that of the test lever (Carey et al., 1996).  

Figure 3 The Wrist Position Sense Test apparatus 

                              

Figure 20. Note. Photograpgh of the set up of the paediatric WPST test procedure. The adult test 

procedure was originally published in “Impaired limb position sense after stroke: A quantitative test for 

clinical use,” by L. M. Carey, L. Oke, and T. Matyas, 1996, Archives of Physical Medicine and 

Rehabilitation, 77, pp. 1271-8. 

Task and procedure. The test form contained 20 predetermined test angles, between 

56° to 152° for the left hand and 25° to 125° for the right. The specific angle ranges 

were chosen to include near full range of flexion-extension movement at the wrist. The 

ranges differed between hands to provide a comparable and comfortable range of wrist 

flexion (~65 degrees) and extension (~35 degrees) movement. Movement to test 

positions was imposed by the therapist in pseudo random order. Participants used their 

free hand to move a pointer on the top protractor to indicate their estimate of the 

position of the occluded hand.  
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Scoring and interpretation. The absolute difference in degrees between the test angle 

and the participant’s responses for the 20 test positions was summed. The WPST score 

was the average of these. A higher average error score indicated a larger error and 

therefore poorer performance. Observations of the 39 TD participants within this study 

generated preliminary normative data for the WPST for children aged 6 to 15 years. 

Based on these observations, average degrees of error greater than the following values 

indicate impaired wrist position sense; 16.3° (right hand), 18.6° (left hand) for 6 to 8 

year olds; 13° (right hand), 14.4° (left hand) for 9 to 11 year olds; and 13° (right hand), 

14.3° (left hand) for 12 to 15 year olds. Administration took approximately 10 minutes 

per hand depending on the personal factors and characteristics of each child. Scoring 

took approximately 5 minutes. 

Box and Block Test of Manual Dexterity 

The BBT is a measure of unilateral gross manual dexterity (Mathiowetz et al., 1985a).  

The manual task required in the BBT is in line with the ICF definitions of activity 

(d440: Fine Hand Use) including picking up (d4400), grasping (d4401) and releasing 

(d4403) (WHO, 2001). The BBT has high test re-test reliability for TD children (r = 

.84) and adults (r = .96); high concurrent validity and high inter-rater reliability (r = 

.99) in adults (Jongbloed-Pereboom, Nijhuis-van Der Sanden, & Steenbergen, 2013; 

Mathiowetz, Volland, Kashman, & Weber, 1985b); norms for TD children aged 6 to 

19 years (Mathiowetz et al., 1985a); and is regularly used in research for children with 

CP (Golubović & Slavković, 2014; Holmström et al., 2010). 

Data analysis 

The response errors for each angle tested as part of the WPST were compared between 

participant groups using a (random effects) regression model (Portney & Watkins, 

2009). This model took into account the association between the repeated tests 

performed by the same participant.  The dependent variable for this analysis was the 

logarithm of absolute error, as this transformation removed some skewness so that it 

followed a normal distribution more closely than the raw data.  For the children with 

CP, the relationships between scores on the BBT and the WPST were examined by 

including the total score on the BBT as an independent variable in the regression 

model, and assessing the statistical significance of its association with the WPST.   
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Statistical methods for test re-test reliability testing involved using Bland Altman plots to 

examine the consistency in scores between two time-points. For responsiveness, the baseline 

WPST score of each participant was subtracted from the WPST scores at each of three post 

baseline time-points, and the mean change, standard deviation (SD) and effect size (mean 

change/group SD) at each time-point calculated. These differences represented the changes 

from baseline in the WPST error scores. Effect size was considered small if between ≥0.1 

and <0.3, medium if between ≥0.3 and <0.5 and large if ≥0.5. (Cohen, 1992). Analyses were  

conducted using the SAS version 9.2 software (SAS Institute, Cary, NC, USA 2008), and a 

p-value<0.05 was taken to indicate statistically significant associations. 

Results 

Participants 

For the construct validity and association study, 28 children with CP were confirmed 

eligible and included in the study (age range 6y - 15y 6m; mean age 10y 8m; SD 2y 

4m; 16 boys; right hemiplegia n = 15, Manual Ability Classification System (MACS) 

(Eliasson et al., 2006) level I n = 10) (Figure 21). Thirty-nine TD children were  

Figure 4 Flowchart of dual study recruitment of children with cerebral palsy 
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recruited and included in the analysis for the construct validity study (age range 6y - 

15y 5m; mean age 11y; SD 2y 9m; 19 boys; right hand dominance n = 37). The test-

retest study involved a convenience sample of 22 of the 39 participants (mean 8y 8m; 

SD 2y 6m) to investigate intrarater reliability. For the responsiveness study, all 17 

participants recruited for the intervention trial were included for analysis. Ten 

children were randomly allocated to the control group (mean age 10y 2m; SD 2y 9m; 

5 boys, left hemiplegia n = 7, MACS level II n = 8) and seven children to the 

treatment group (mean age 10y 1m; SD 2y 6m; 4 boys, left hemiplegia n = 2, MACS 

level II n = 6). 

 

Construct validity of the WPST 

There was a significant difference between the TD and the CP groups for the WPST 

(F1,1246 = 6.34; p = .01) indicating greater accuracy in sensing wrist position for the TD 

group (Table 4). Throughout administration of the WPST for children with CP there 

was no significant increase in error over time suggesting that neither fatigue nor 

attention level affected performance (F1,491 = 1.04; p = 0.31).   

Table 5 Wrist Position Sense Test average error scores for children with and 

without cerebral palsy 

Group Max. score* Min. score. Mean SD  P value 

Typically Developing (n = 39) 37.7° 5.2° 12.8° 11.0° 0.01 

Cerebral Palsy (n = 28) 40.9° 7.1° 21.6° 21.6°  

Note. *Scores are reported as average error scores across the 20 test positions. SD = standard deviation, 

Max = maximum, Min = minimum. 

Association between the WPST and BBT 

For the children with CP, average error on the WPST was inversely associated with 

the number of blocks being moved on the BBT; such that every additional block moved 

was associated with a decrease of 0.45 degrees of error on the WPST, (F1,491 = 8.53; p 

<.005).  

Reliability of the WPST 

The Bland Altman (Bland & Altman, 2010) determined there were no consistent 

difference between time-points indicating intrarater reliability of the WPST with TD 

children aged 6 to 15 years (Table 5). 
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Table 6 Wrist Position Sense Test reliability results for typically developing 

children 

TD sample N=22 WPST Error in degrees 

Mean difference RH 

LOA 

95% CI 

Mean difference LH 

LOA 

95% CI 

-0.87 

4.65 - 2.91 

-1.73 - -0.01 

-1.39 

-4.78 - 1.99 

-2.16 - -0.63 

Note. TD = typically developing; WPST = Wrist Position Sense Test; RH = right hand; LH = left hand; 

LOA = Limits of agreement; CI = confidence interval. 

Responsiveness of the WPST 

There were no significant differences between intervention and controls for the WPST 

(p =.31) however, there were significant within group differences over time for the 

treatment group (p <.001) (Table 6). There was a statistically significant decrease in 

mean error score on the WPST for the treatment group following the intervention with 

a reduction in mean error from time-point one (24.7°) to time-point two (16.9°) (t538 = 

3.8; p <.001), which was maintained at time-points three (19.5°) (t538 = 3.28; p <.01) 

and four (16.8°) (t538 = 3.19; p = .002). The significant improvement in error score 

from time-point one to two was 8°, while changes between time-points two, three and 

four (all post intervention) were smaller (all within approximately 3°).  The effect size 

measuring the impact of the intervention was large between time-point one to time-

point two (r = 0.632 p = 0.018), and this was maintained at time-point four (r = 0.632 

p = 0.018). There were no statistically significant differences across time-points in the 

control group (Table 6).  

Table 7 Wrist Position Sense Test mean error scores for the treatment and control 

group 

Time-point TP 1 M(SD) TP 2 M(SD) TP 3 M(SD) TP 4 M(SD) P value 

Treatment (n = 7) 24.7º (20.8°) 16.9º (17.4°) 19.5º (19.8°) 16.8º (14.4°)  0.0005 

Control (n = 10) 27.1º (24.7°) 21.6º (21.4°) 22.4º (21.8°) 21º (16°) 0.28 

Note. TP = time-point, M = mean, SD = standard deviation 
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Discussion  

Construct validity of the WPST 

This study established preliminary psychometrics of the WPST for children with CP. 

The WPST detected a larger error in sensing wrist position for children with CP than 

in TD children of comparable ages, indicating that it is able to discriminate presence 

of impairment in children with CP as hypothesised. The current findings are consistent 

with those for adults (Carey et al., 1996), and with similar studies examining 

differences in kinaesthetic and proprioceptive ability for children with CP and their 

TD peers (Chrysagis, Skordilis, Koutsouki, & Evans, 2007; Goble, Hurvitz, & Brown, 

2009). 

These positive findings are likely due to the strengths in the design of the WPST test 

protocol. Test protocols requiring children to memorise limb position prior to a response,  

complete cross-modal matching (proprioceptive to visual transfer), and remain in an 

extended physical position (limb distal to trunk or standing position) add a degree of 

difficulty that may confound scores of proprioceptive abilities (Smorenburg et al., 2012; 

Wann, 1991). Deficits such as impaired working memory, impulsive behaviour, attention 

deficit and sensorimotor impairment can impact the performance of children with CP 

(Dourado, Andrade, Ramos-Jorge, Moreira, & Oliveira-Ferreira, 2013). Therefore, the 

WPST test procedure was designed to minimise additional cognitive and sensorimotor 

demands and not confound proprioceptive ability. The WPST is performed seated with the 

upper limb in a neutral position supporting precise localisation of the limb in proximity to 

the body. The WPST test procedure also has the advantage of allowing subjects to indicate 

wrist position whilst the arm remains in that position, minimising memory demands (Carey, 

1993). The WPST appears appropriate for children with CP, with the observer assisting 

achievement of the desired wrist position so that the participant is not hampered by any 

spasticity or muscle weakness that they may have. 

Association between WPST and BBT  

In the present study, the WPST demonstrated a statistically significant inverse 

association between mean error in wrist position and performance on the BBT. In the 

absence of a standardised measure of limb position sense  to compare with, 

establishing a clear positive association with an upper limb activity measure supports 

the WPST as an evaluative tool. The WPST indicated a positive relationship between 

wrist position sense and manual dexterity. Therefore, the WPST could provide future 
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opportunities for improved reporting of proprioceptive deficits and their impact on 

hand function.  

Responsiveness of the WPST 

The WPST was responsive to change in the treatment group following an intervention 

involving somatosensory discrimination training, as was also seen in adult stroke 

survivors (Carey et al., 2011). A significant change in scores on the WPST was found 

in those that received the intervention, but not in the control group.  The treatment and 

control groups were well matched for age, gender and MACS score: they were less 

well matched for laterality of hemiplegia, but the significance of this difference for 

this trial is unknown. A post hoc power calculation was completed to determine the 

optimal sample size to detect responsiveness changes for this study. G* Power (Faul, 

Erdfelder, Buchner, & Lang, 2009) was used to compute power, given that alpha was 

set to .05, N was 17, and the effect size was 0.9052 (calculated from the parallel PhD, 

see Appendix H of this thesis). The power calculation identified that this study had 

sufficient participants and adequate power (0.95) to detect accurate findings with the 

inferential statistics used. The ability of the WPST to detect impairments and changes 

over time due to treatment may be due to the greater sensitivity of an interval scale in 

comparison to an ordinal or categorical measurement scale (Carey et al., 1996; Portney 

& Watkins, 2009).   

The WPST identified a large effect size from baseline to final post-intervention 

measurement. Unfortunately, the current study was not designed to determine how much 

change was clinically important. Because of the positive association reported in this current 

study it is recommended that a minimal clinically important difference be established 

through research comparing individual change in wrist position sense with changes in 

unilateral or bimanual performance as assessed by activity measures such as the BBT, or 

Assisting Hand Assessment (AHA) (Krumlinde-Sundholm & Eliasson, 2003), or 

somatosensory based goals, as assessed by Goal Attainment Scaling (GAS) (Kiresuk, Smith, 

& Cardillo, 1994) or the Canadian Occupational Performance Measure (COPM) (Law et al., 

1998). 

Clinical evaluation and treatment of children with CP has traditionally focused on addressing 

motor impairment without considering the impact of somatosensory impairment such as limb 

position sense  (Russo, 2011). The WPST has the potential to predict improvements in 

functional outcomes where other measures of impairment have failed to do this (James et al., 
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2015). Understanding the unique nature of CP and the impact of somatosensory deficits on 

functional outcomes will help guide further development of somatosensory assessments and 

more precisely tailored rehabilitation and treatment strategies (Nevalainen et al., 2012). 

Limitations 

The TD population was not matched for gender or age due to the recruitment method 

being a convenience sample. This is a limitation of the study as the TD group ended 

up having a mean age of one year older than the group with CP. The authors 

acknowledge that the construction of the WPST apparatus as illustrated in Figure 20 

measures only one dimension of proprioception, passive limb position and also might 

provide additional tactile input to the hand within the splint. However, even if there 

were any such effects, under standard conditions of testing it would remain constant 

and therefore any changes or differences in the values of measurements (over time or 

between groups) would be valid. The research design was intended to examine the 

psychometric properties of construct validity, reliability and responsiveness in as much 

detail as possible however, the small sample size prevented investigation of all 

possible confounders.  

Engagement in the WPST testing procedure was potentially influenced by personal and 

environmental factors such as time of day, attention and arousal level, assessment setting and 

developmental level. In this research, sensory integration, and behavioural or emotional 

responses to somatosensory stimuli that may have been triggered by imposed touch was not 

addressed. In addition, a larger sample size would have allowed for investigation of 

correlations between the WPST and other outcome measures such as, the AHA (Krumlinde-

Sundholm & Eliasson, 2003), GAS (Kiresuk, Smith, & Cardillo, 1994), or COPM (Law et 

al., 1998) thus enabling further investigation of construct validity.  

Conclusion 

Construct validity, intrarater reliability, and responsiveness of the WPST have been 

demonstrated for children with CP, and the WPST has been shown to be associated 

with a measure of unilateral upper limb activity. This study contributes to the 

establishment of psychometric properties for a novel clinical assessment tool and 

advances clinical measurement of wrist position sense for children with neurological 

conditions such as CP.  
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Abstract 

Introduction: The functional Tactile Object Recognition Test (fTORT) is a measure 

of haptic object recognition capacity recently adapted for use with children with 

neurological impairment. The current study aimed to investigate the construct validity 

and responsiveness of the fTORT and its association with a measure of upper limb 

activity. 

Methods: A cross-sectional study of 28 children with spastic hemiplegic cerebral 

palsy (CP) (mean age 10y 8m; SD 2y 4m; 16 male) and 39 typically developing (TD) 

children (mean age 11y; SD 2y 9m; 19 male) was utilised to investigate construct 

validity and association between measures.  Sixteen children with CP (mean age 10y 

10m; SD 2y 8m; 9 male) were randomly allocated to either a treatment (n = 6) or 

control group (n = 10) and assessed at four time-points to assess test responsiveness. 

Results: TD children scored significantly higher (p < .0001) on the fTORT (M = 2.83, 

SD = 0.17) than those with CP (M = 2.19, SD = 0.78). fTORT scores demonstrated a 

significant association with scores on the activity measure (p < .01). There were no 

significant between or within group differences in fTORT scores across the four time-

points for the treatment or control group (p = .22). 

Conclusion: The fTORT demonstrated construct validity, and was positively 

associated with an upper limb activity measure but scores did not change significantly 

following somatosensory training. Further testing is currently underway to 

comprehensively investigate the psychometric properties of the tool.  
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Introduction 

Somatosensation is important for the development of hand function and determines 

how accurately and efficiently the hands are used to execute daily activities (Cooper, 

Majnemer, Rosenblatt, & Birnbaum, 1995; Dunn et al., 2015). Somatosensation 

includes submodalities of tactile registration and tactile perception, vibration, deep 

pressure, proprioception including limb position sense, temperature sensation, and 

emotional responses to pain and itch (Carey, 2012; Dunn et al., 2013). Haptic object 

recognition1 is a complex somatosensory function relying on two haptic subsystems to 

extract sensory information about an object (Lederman & Klatzky, 2009). The sensory 

subsystem uses cutaneous, thermal, and kinesthetic receptors to obtain external 

information which informs the sensorimotor subsystem, resulting in active object 

manipulation (Lederman & Klatzky, 2009). An unimpaired individual uses their hands 

to capitalise on somatosensory input through the use of haptic exploratory procedures 

(Lederman & Klatzky, 1987; Morash, 2016). Haptic exploratory procedures are 

purposeful movements used to extract information about an object such as its material 

(e.g. texture or temperature) or geometric qualities (e.g. shape or size) (Lederman & 

Klatzky, 1987; 1993). 

From infancy, children experience significant haptic development with the hands undergoing 

rapid and ongoing changes in haptic capacity well into adolescence (Fitzpatrick & Flynn, 2010; 

Gori, 2015). Although development and refinement of the sensory system is expected with 

increasing age, typical somatosensory development can be disrupted by neurological 

disturbances such as is seen in cerebral palsy (CP) (Rosenbaum, Paneth, Leviton, Goldstein, & 

Bax, 2007). CP is a collective term applied to a group of permanent motor disorders resulting 

from neurological injury occurring pre natally or in the early years of life (Rosenbaum, 2003). 

Deficits in haptic object recognition are common for children with CP, between 57% to 86%, 

and these deficits correlate with diminished dexterity of an affected hand (Cooper et al., 1995; 

McLean, Taylor, Valentine, Carey, & Elliott, 2017b; Sakzewski, Ziviani, & Boyd, 2010; 

Yekutiel, Jariwala, & Stretch, 1994). These deficits can present bilaterally or unilaterally, and 

often with more than one somatosensory domain involved (e.g. proprioception and haptic 

object recognition) (Auld, Ware, Boyd, Moseley, & Johnston, 2012b; McLean et al., 2017b; 

Wingert, 2007). 

                                                      
1 Please note haptic object recognition is often called stereognosis in current literature.  
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Literature review 

While challenging, there is a clinical need to quantify haptic object recognition ability 

and its impact on hand dexterity in children with CP in order to tailor effective 

interventions (Klingels et al., 2010). At present, there are limited assessments with 

robust psychometric evidence or standard procedures to measure the haptic object 

recognition ability of children with CP (Connell & Tyson, 2012; Krumlinde-Sundholm 

& Eliasson, 2002; Taylor et al., 2016). Auld, Boyd, Moseley, & Johnston (2011) 

recently appraised the clinimetric properties of tactile assessments for children with 

CP reporting that only three measures of stereognosis out of fourteen were considered 

to provide consistent assessment methodology and robust clinimetric properties. They 

were the Manual Form Perception (MFP) test, the Klingels method, and the Coopers 

method (Ayres, 1988; Cooper, Majnemer, Rosenblatt, & Birnbaum, 1993; Cooper et 

al., 1995; Klingels et al., 2010). However, only the Klingels method was recommended 

for use due to its superior clinical utility which was lacking in the other measures. The 

Klingels test of stereognosis consists of 12 familiar objects, with three matched pairs 

similar in shape and size (pencil/pen, coin/button, paperclip/safety pin) and six objects 

that differ markedly from each other (key, clothespin, marble, comb, spoon, ball). The 

child is provided with reference objects placed in the visually occluded hand, and is 

asked to identify the test object in their hand by providing a verbal or physical response 

(pointing). Standardisation is limited in that objects are sourced by the tester so the 

specific sensory attributes of the items may differ.  The Klingels test has also 

demonstrated a ceiling effect for TD children (Intraclass Correlation Coeffcient - ICC 

= 0) and lacked reliability for children with CP (% exact agreement = 47% to 50%) 

(Auld et al., 2012b).  

Due to the limitations of existing measures, a newly adapted assessment for the evaluation of 

haptic object recognition for children has been developed. The functional Tactile Object 

Recognition Test (fTORT) (Carey, Matyas, & Macdonell, 2011; Nankervis, 2006) was 

designed to measure the haptic object recognition ability of adults following stroke. The 

fTORT was adapted by the current authors to detect changes in this somatosensory ability 

for children with CP aged 6 to 15 years. The fTORT has demonstrated clinical acceptability 

for children with CP aged 6 to 15 years (Taylor et al., 2017d) and also has age-adjusted 

normative standards, high reliability (r = .85 to .92) and good discriminative test properties 

for adults aged 21 to 79 years (Carey et al., 2011). 
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Employing a structured approach to establish comprehensive psychometrics for the fTORT, 

the design of this study and subsequent reporting was based on the COnsensus-based Standards 

for the selection of health Measurement INstruments (COSMIN) (Mokkink et al., 2010). The 

COSMIN provides explicit criteria for good measurement properties to improve the design of 

studies examining measurement instruments. Following the COSMIN taxonomy, this study 

examined the domains of construct validity (via differences between relevant groups) and 

responsiveness (detecting anticipated changes over time in haptic object recognition ability). In 

the absence of a criterion measure of haptic object recognition to conduct criterion related 

validity as specified in the COSMIN, we investigated the association of the fTORT scores with 

scores on an activity measure of unilateral upper limb performance.  

It was hypothesised that the fTORT would reflect known differences in somatosensory 

performance between those who are typically developing (TD) and individuals with CP who 

are at risk of a somatosensory deficit. Second, it was hypothesised there would be a 

significant association between performance on the fTORT, and the Box and Block Test of 

Manual Dexterity (BBT) (Mathiowetz, Federman, & Wiemer, 1985a). For responsiveness 

testing it was hypothesised that: i) the fTORT would detect statistically significant 

differences over time between children receiving standard care and those additionally 

exposed to a somatosensory intervention; and ii) the fTORT would detect statistically 

significant differences over time in the treatment group.   

Methods 

Study design 

Three different study designs involving psychometric testing were conducted as part 

of this research and involved the fTORT and BBT as the primary outcome measures. 

Children with CP and TD children were tested with the fTORT. Children with CP were 

also tested multiple times, pre and post an intervention, and with the BBT. The assessor 

was an occupational therapist trained in the use of the assessments who could not be 

blinded to groups because of the clinical presentation of children with CP, however 

for the responsiveness study the assessor was blinded to allocation of the participants 

with CP. The study was conducted in Perth, Western Australia and the data were 

collected in participant’s homes in metropolitan and semi-rural areas of Perth. 

Recruitment for the TD participants occurred via professional and personal contacts 

and data collection for both TD and CP groups occurred between March Recruitment 

and data collection occurred between March 2013 and December 2014. The study 
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protocol was approved by the Human Research Ethics Committee of Curtin University 

(#87) and Princess Margaret Hospital for Children (#2052), Perth, Australia. 

Construct validity study: Comparison of fTORT between CP and TD children.  

Employing a cross-sectional study design and known groups method, fTORT scores 

obtained from TD children (n =  39) at one time-point were compared with the baseline 

measurement of children with spastic hemiplegic CP (n =  28) prior to an intervention. 

Association study: Comparison between fTORT and BBT in children with CP. 

The BBT (Mathiowetz et al., 1985a) was administered to those children with CP (n = 

28) also at baseline for comparison with their baseline fTORT scores prior to an 

intervention. 

Responsiveness study: Ability to detect change in fTORT pre-post somatosensory 

intervention. 

Responsiveness of the fTORT was measured using data from a recent intervention trial 

with random allocation examining the efficacy of a novel somatosensory intervention 

based on perceptual-learning to improve somatosensory discrimination (McLean et al., 

2017a; Carey et al., 2011). This trial is registered with the Australian New Zealand 

Clinical Trials Registry (ACTRN12614000314628) and has demonstrated preliminary 

efficacy in improving somatosensory capacity for children with hemiplegia CP aged 6 

to 15 years (McLean et al., 2017a). Children with CP were randomly allocated to 

treatment (n = 6) or control group (n = 10). The treatment group received standard care 

and also somatosensory discrimination training three times a week for six weeks and 

the control group received standard care only. The fTORT and BBT were among the 

primary outcome measures administered at four time-points in the intervention study.  

Participants 

Inclusion criteria for the construct validity and association study were children with 

spastic hemiplegic CP with a diagnosis confirmed by a paediatrician, aged 6 to15 

years. Exclusion criteria included surgery on the affected upper limb in the previous 

12 months or inability to understand or respond to simple instructions. Children 

without CP who participated in the construct validity were a convenience sample of 

individuals aged 6 to 15 years. Eligibility criteria for the responsiveness study were 
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the same as for the construct validity and association study plus presence of haptic 

object recognition impairment as measured by the fTORT with relation to the 

normative standards of object identification accuracy provided in this paper. 

Participants were assessed in their own homes at a time most suitable to the individual 

and family (usually after school or weekend mornings). All efforts were made to 

ensure the assessment environment was quiet and free from distraction.  

Outcome measures 

The functional Tactile Object Recognition Test 

The fTORT administration manual and equipment (Figure 22) was originally 

developed for adults with stroke (Carey et al., 2011) and in this study, was adapted by 

the current authors for use with children and youth with neurological impairment. 

Evidence based adaptation of the fTORT instructions and testing procedure to a 

paediatric version was based on consideration of semantics and perceptual concepts 

appropriate to developmental level (Berlin, Blank, & Rose, 1980; Bloom, 2001). The 

following adaptations were made 1) standardised script instructions condensed to 

single step instructions; 2) use of language and concepts understood at a primary 

school level; 3) encourage children to focus attention on the examiner, or on the 

relevant aspects of the test procedure as required; 4) ensure adequate time is given for 

responses; 5) demonstrate what is required; 6) confirm comprehension of instructions 

by asking the child to repeat what they have been asked to do; 7) use clinical judgment 

as to when to incorporate brief rest or movement breaks. This adaptation process 

incorporated feedback from parents and children and was overseen and reviewed by 

an experienced team including a senior speech pathologist and senior occupational 

therapists with clinical expertise in paediatrics. Pilot testing of the adapted assessment 

occurred with five TD school-aged children (6 to 11 years old). The pilot phase 

established the adapted test’s content validity and applicability to a paediatric 

population and only minor changes were made to the instruction manual prior to data 

collection.  

Apparatus. The fTORT was designed to test haptic recognition of objects using a 

visual response mode (Carey et al., 2011). Forty-two common everyday objects were 

displayed on a response poster and 14 of the objects were presented for manipulation 

in a standardised manner behind a curtain. Based on previous literature (Lederman & 
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Klatzky, 1987; Nankervis, 2006) the 42 objects were grouped into sets of three 

representing seven diagnostic sensory attributes (e.g. size, temperature, weight, 

hardness, texture, shape and function or part motion) (Table 7). Each object set (set of 

3) on the response poster contained an Exact object match (e.g. crushable plastic cup), 

a Comparator object that differed in one sensory attribute such as hardness (e.g. firm 

plastic cup), and a Distractor object that differed in more than one sensory attribute 

such as hardness and shape (e.g. metal cup).  

Figure 5 The functional Tactile Object Recognition Test 

 

Figure 22. Note. Photograpgh of the set up of the paediatric fTORT test procedure. The adult test 

procedure was originally described in “The SenScreen© Sensory Screening Tool Administration 

Manual,” by L. M. Carey, Y. Mak, and A. M. Tan, 2011.  

Task and procedure. The assessment began with the examiner reading through the 

script instructions followed by a familiarisation phase and practice trial. The 

participant’s arm was placed with the palm facing up behind the curtain. Depending 

on size the objects were placed into the palm of the participant’s hand, between the 

thumb and first two fingers, or the object was placed on the table and the participant’s 

pronated hand and fingers were moved over it. Manipulation was unilateral and 

participants were assisted to perform the appropriate exploratory procedures by the 

examiner. This assistance ensured adequate exploration of the most salient features of 

the objects. Each child was presented with 14 test objects and verbalised their response 

or pointed to the object on the response poster. The participants were allowed to 

explore the items for a free period of time however if a participant had severely 

impaired sensation and exceeded 30 seconds of exploration the fTORT subtest was 

ceased. This value was based on calculating the average time 28 participants with  
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Table 8 Summary of the 14 object sets included on the fTORT response poster 

Object set Diagnostic sensory attribute Relative size 

Half full milk bottle (EO) Weight Large 

 Full milk bottle (CO) Weight 

Empty soft drink bottle (DO) Weight, shape & size 

Metal door knob (EO) Temperature Large 

 Wooden door knob (CO) Temperature 

Glass hexagonal door knob (DO) Temperature & texture 

Hardcover book (EO) Hardness Large 

 Paperback book (CO) Hardness 

Small magazine (DO) Hardness & size 

Metal bowl (EO) Temperature Large 

Plastic bowl (CO) Temperature 

Plastic plate (DO) Temperature, size & shape 

Material and zipper (EO) Function/motion Small 

Material and buttons(CO) Function/motion 

Material and belt buckle (DO) Function/motion, size & shape  

Click light switch (EO) Function/motion Small 

Turn light switch (CO) Function/motion 

Electric power point (DO) Function/motion, size & shape 

Spoon (EO) Shape Large 

Fork (CO) Shape 

Chopstick (DO) Shape, size & texture 

Large faced watch (EO) Size Small 

Small faced watch (CO) Size 

Stop watch (DO) Size & shape 

Full glass mayonnaise jar (EO) Weight Large 

Empty glass mayonnaise jar (CO) Weight 

Glass spice grinder (DO) Weight, size & shape   

Soft plastic cup (EO) Hardness Large 

Hard plastic cup (CO) Hardness 

Metal cup (DO) Hardness, size & temperature  

Plastic credit card (EO) Texture Small 

Small paper card (CO) Texture 

Flat fridge magnet (DO) Texture, size & shape 

House key (EO) Size Small 

Filing cabinet key (CO) Size 

Padlock (DO) Size, weight & shape 

Wooden clothes peg (EO) Texture Small 

Plastic clothes peg (CO) Texture 

Plastic hook (DO) Texture, size & shape   

Spiral pasta (EO) Shape Small 
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Object set Diagnostic sensory attribute Relative size 

Cylinder pasta (CO) Shape 

Raisin (DO) Shape, texture & size 

Note. EO = exact object; CO = comparator object; DO = distractor object. Adapted with permission from “The 

SenScreen© Sensory Screen Tool Administration Manual” by L. M. Carey, Y. Mak, and A. M. Tan, 2011.  

cerebral palsy took to explore objects within the fTORT (average of 16 seconds of 

exploration ± 13 seconds). 

Scoring and interpretation. The child’s response was marked as being completely 

correct (exact object, score=3), selection of object differing in one sensory attribute 

(comparator object, score=2), object differing in more than one sensory attribute 

(distractor object, score=1) and completely incorrect (object other than object set, 

score=0). The measurement outcome, accuracy in recognising objects, was determined 

by calculating a score out of a possible 42. Observations of the 39 TD participants 

within this study generated preliminary normative data for the fTORT for children 

aged 6 to 15 years. Based on these observations a score >36 for the right and left hand 

indicates intact haptic object recognition ability for 6 to 8 year olds; >38 (right and left 

hand) for 9 to 11 year olds; and >39 (right hand) >38 (left hand) for 12 to 15 year olds. 

Scores below this range may indicate impaired haptic object recognition. The fTORT 

uses a rank order scale to produce ordinal data. Administration and scoring takes 

approximately 15 minutes per hand depending on the personal factors and 

characteristics of each child. 

Box and Block Test of Manual Dexterity 

The BBT is an activity measure of gross manual dexterity and has high test re-test 

reliability for TD children and adults (r = .84; r = .96), high concurrent validity, and 

high inter-rater reliability (ICC 0.99) for adults (Jongbloed-Pereboom, Nijhuis-van Der 

Sanden, & Steenbergen, 2013; Mathiowetz, Volland, Kashman, & Weber, 1985b) and 

is commonly used in research with children with CP (Golubović & Slavković, 2014; 

Holmström et al., 2010). The number of blocks transferred unilaterally in 60 seconds 

is the recorded outcome of the test. 

Data analysis 

To determine construct validity individual scores on the fTORT were compared 

between participant groups using a Generalised Estimating Equation (GEE) (Portney 
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& Watkins, 2009).  This model classified the response to each challenge as correct or 

incorrect, and took into account any correlation between the multiple responses made 

by each participant. Analyses were performed with different definitions of 

‘correctness’: 1) Exact object, 2) Exact or Comparator object, 3) Exact, comparator or 

distractor object.  In addition, an overall score for each participant was calculated, and 

the mean scores were compared between the participant groups using a simple t-test. 

For individuals with CP, associations between scores on the fTORT and BBT were 

examined by including the BBT score as an independent variable in the GEE model. 

To examine responsiveness, fTORT scores of each participant in the intervention and 

control groups at each of three post baseline time-points were subtracted from the 

baseline score, and the mean change, SD and effect size (mean change/ group SD) at 

each time-point calculated.  A random effects regression model was used to explore 

any changes in scores over time.  Naming the person identifier as the random effect 

meant that correlations between scores for the same participant were considered. Effect 

size was considered small if between ≥0.1 and <0.3, medium if between ≥0.3 and <0.5 

and large if ≥0 .5. (Cohen, 1992). Statistical analyses were conducted using the SAS 

version 9.2 software (SAS Institute, Cary, NC, USA 2008), and α was set at p < 0.05. 

Results 

Participants 

Recruitment occurred between March 2013 and December 2013 and 28 children with 

CP were confirmed eligible and included in the analysis (age range 6y - 15y 6m; mean 

age 10y 8m; SD 2y 4m; 16 male; MACS level I n = 10; right hemiplegia n = 15). A 

Manual Ability Classification System (MACS) of level I or II indicates only minor 

difficulties in handling objects requiring fine motor control (Eliasson et al., 2006) 

therefore, participants with a MACS level of I or II were included in the study.  Thirty-

nine TD children were recruited and included for analysis (age range 6y - 15y 5m; 

mean age 11y; SD 2y 9m; 19 male; right hand dominance n = 37). For the 

responsiveness study 16 participants (treatment n = 6; control n = 10) recruited for the 

intervention study were included for analysis (age range 6y - 15y 5m; mean age 10y 

10m; SD 2y 8m; 9 male; MACS level I n = 3; right hemiplegia n = 7) (Figure 23).  



284 

Figure 6 Flowchart of recruitment 

 
Construct validity of the fTORT 

A t-test to compare the total fTORT scores between children with and without CP 

showed a very significant difference (t65 = 4.9; p value < .0001) indicating greater 

haptic object recognition ability for the TD group (n = 39; M = 2.83, SD = 0.17) than 

the group with CP (n = 28; M = 2.19, SD = 0.78). Throughout administration of the 

fTORT for children with CP there was no systematic correlations between fTORT 

scores and order of test object presentations. This suggests that performance was not 

affected by attention span or a learning effect. 

Association between the fTORT and BBT 

There was a significant negative association between scores on the fTORT and BBT 

(p < .01) such that increased manual dexterity (number of blocks moved) was 

correlated with fewer errors on the fTORT.   

Responsiveness of the fTORT 

There were no statistically significant differences in fTORT scores between time-

points for the treatment or control group (F3,45 = 1.52; p = 0.22) There was also no 

significant increase in mean fTORT scores for either the treatment or control group 
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between any time-points (Table 8; p-values obtained from the random effects 

regression model).  

Table 9 functional Tactile Object Recognition Test mean scores for the treatment 

and control group 

Timepoint TP 1 M(SD) TP 2 M(SD) TP 3 M(SD) TP 4 M(SD) P value 

Treatment (n = 6) 23.4(14.5) 25.7(14.2) 25.8(13.6) 24.1(14.3)  0.50 

Control (n = 10) 27.3(8.4) 27.9(12) 31.2(10) 29.9(11.7) 0.34 

Note. fTORT = functional Tactile Object Recognition Test; TD = typically developing; CP = cerebral 

palsy; M = mean; SD = standard deviation. 

Discussion  

This research aimed to examine the preliminary psychometric properties of the fTORT 

for use with children with CP. The COSMIN (Mokkink et al., 2010) provided a 

framework by which to design the research methodology. The following is a synthesis 

of these early findings for the fTORT in children with consideration of future research 

directions.  

Construct validity of the fTORT 

The fTORT reflected statistically significant differences between children and 

adolescents diagnosed with CP at risk of somatosensory deficits, and TD children. The 

present findings of construct validity support a previous study with adults, where the 

fTORT demonstrated good discriminative validity by distinguishing impaired 

somatosensory performance of adult stroke survivors from healthy age-matched adults 

(Carey et al., 2011). The discriminative ability of the fTORT may be due to the 

theoretically driven selection of test objects (Carey et al., 2006). Previous literature 

advocates the use of familiar everyday objects in haptic object recognition assessment 

methodologies for children (Auld et al., 2011; Yekutiel et al., 1994). However more 

recently studies have indicated a ceiling effect for measures of stereognosis that use 

common objects and suggest that novel or more complex objects are needed to reflect 

changes in performance over time (Auld et al., 2012b; Russo, 2011). None of the 

participants in the current study (TD or CP) achieved a maximum score on the fTORT, 

and variability in performance was seen across age groups. These results may indicate 

that the fTORT objects are familiar enough to be recognised by adults and children, 

but sufficiently novel to prevent a ceiling effect (Nankervis, 2006). Alternatively, the 
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design of the tool which allows for graded item difficulty within and across item sets 

based on number of varied sensory attributes may be sufficiently challenging even 

with the use of common familiar objects (Carey et al., 2011).  

Association between fTORT and BBT 

We found a statistically significant association between performance on the fTORT 

and the BBT, indicating that unilateral dexterity was associated with better haptic 

object recognition. Other studies suggest that stereognosis testing using common 

objects, is a more robust measure of sensory deficit than impairment measures (e.g. 2-

point discrimination) when testing young children with CP (Yekutiel et al., 1993). In 

a recent study by James et al., (2015), the authors found that impairment measures, 

including range of motion, did not reliably predict the functional dynamic range of 

motion used to perform activities for children with upper extremity CP. Our study has 

the potential to address practice gaps such as these for haptic perception. 

Weemonstrated that a measure of haptic object recognition capacity was associated 

with an activity measure, supporting the use of measures of ability rather than 

measures evaluating the impairment level. 

Strengths of fTORT. A potential problem associated with other haptic object 

recognition testing procedures, is they rely on independent in-hand manipulation 

techniques and a child’s ability to perform haptic exploratory procedures (Auld et al., 

2011). In-hand manipulation can be significantly compromised for children with 

neurological and musculoskeletal deficits due to CP (Van Heest et al., 1993). 

Movement of an object across the skin by an examiner has been found to achieve 

success equivalent to a child performing the exploration themselves (Cermak, 2006). 

Recent studies have recommended removing the need for in-hand manipulation when 

testing children who cannot move the object themselves (Auld et al., 2011). This 

supports our use of standardised motor-assisted haptic exploration using matched 

exploratory procedures as a strategy to compensate for the neurological and/or 

musculoskeletal impairments experienced by children with CP that may restrict in-

hand manipulation and expected exploratory procedures. 

Limitations of fTORT. The fTORT requires mapping between visual and haptic 

information. This cross-modal matching increases the cognitive and visual perceptual 

demands of the testing procedure. There are many other performance components 
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required for successful completion of this task not just somatosensory processing 

(Smorenburg, Ledebt, Deconinck, & Savelsbergh, 2012; Wann, 1991). The fTORT 

requires a moderate level of cognition, cross-modal transfer, visual perceptual, and 

language and motor skills during test instructions and in the response mode. Although 

it is difficult to remove these elements when testing haptic object recognition, the 

possible confounding effects on test scores cannot be ignored.  

The TD population was not matched for gender or age due to the recruitment method being a 

convenience sample. This is a limitation of the study as the TD group ended up having a 

mean age of one year older than the group with CP. Engagement in the fTORT testing 

procedure may be influenced by personal and environmental factors such as time of day, 

attention and arousal level, assessment setting and developmental level. Extensive work has 

been done on the importance of engagement and self-determination for children during 

therapy and the assessment process (Cuskelly & King, 2013; Poulsen, Ziviani, & Cuskelly, 

2013). Assessments involving structured play or game based activities and active 

participation of the child encourage self-motivation to complete tasks and may have more 

utility in clinical practice (O'Grady & Dusing, 2015; Poulsen, Ziviani, & Cuskelly, 2013). 

However, play or game based assessments may not be suitable to measure haptic object 

recognition in children with CP because they further increase the number of performance 

components required to complete the task successfully. It is important to understand the 

potential demands that somatosensory assessment may place on other mental functions and 

to ensure that assessment occurs without consequence for deficits in these skills (Rosenbaum 

et al., 1990). 

Responsiveness of the fTORT  

In the current study, there were no significant differences in fTORT scores between 

the treatment and control group, and no significant changes in fTORT scores over time 

in either group.  However, in a similar study involving adult participants, the fTORT 

was able to detect statistically significant differences between a treatment (n = 25) and 

control group (n = 25) (Carey et al., 2011). The treatment group received the same 

somatosensory discrimination intervention as this study. Between-group differences 

were statistically significant p = 0.004 with greater improvement in somatosensory 

capacity reported for the treatment group. Differences in these results may be 

attributed to a larger sample size (N = 50), the possibility that adult participants 

displayed a vested interest in therapy outcomes to achieve improvements, and had all 

their mental faculties intact pre-stroke. It is also possible that: 1) the fTORT is not 
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responsive to change in children; 2) the children had no change as a result of the 

intervention; 3) the current study was insufficiently powered to detect a change. A post 

hoc power calculation was completed to determine the optimal sample size to detect 

responsiveness changes. G* Power (Faul, Erdfelder, Buchner, & Lang, 2009) was used 

to compute power, given that alpha was set to .05, N was 16, and the effect size was 

0.9 (calculated from the parallel PhD, see Appendix H of this thesis). This post-hoc 

power analysis identified that the fTORT study was adequately powered (0.94) and 

therefore is an unlikely contributing factor to the poor responsiveness findings. 

Difficulties in testing responsiveness have been documented in paediatric literature for new 

clinical outcome measures (Jerosch-Herold, 2005). Extraneous information in these types of 

instruments can lead to decreased responsiveness (Law, 1987). The fTORT was designed as 

both a discriminative and evaluative measure, and as such requires further responsiveness 

testing. Future responsiveness testing is recommended to involve broader sub-groups of CP 

and evaluation of responsiveness with a sample size based on a priori power analysis 

(Portney & Watkins, 2009).  

Reliability testing of the fTORT within the population of interest is also necessary to 

examine any influence of measurement error on estimates of responsiveness. Measures of 

somatosensation are routinely used in rehabilitation settings and as outcome measures for 

interventions targeting upper limb functioning, despite the absence of known psychometric 

properties for children (Klingels et al., 2010). The fTORT is in an early phase of 

development. Future research testing reliability, responsiveness and clinical utility with a 

larger sample size, different sub-groups of CP and other neurological conditions is required. 

 This study aimed to provide a standardised outcome measure of haptic object recognition 

with adequate sensitivity to reflect changes in performance during future somatosensory 

intervention trials. Describing the fTORT apparatus and administration procedure, its 

application in clinical practice and initial psychometric properties, underpins successful 

clinical implementation in the future (Fixsen & Ogden, 2014).    

Conclusion 

There are currently limited best practice measures for the evaluation of haptic object 

recognition for children with CP. The fTORT shows promise as a quantitative, 

discriminative measure of haptic object recognition and further work is needed to test 

and improve its responsiveness.  Until further psychometric testing, the fTORT may 
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be used, with careful monitoring, in paediatric clinical research to measure haptic 

object recognition. Findings from this study contribute to the development of 

psychometric properties for a novel clinical assessment tool and advance clinical 

measurement of haptic object recognition for children. Future research is needed to 

further understand haptic object recognition ability in children with neurological 

conditions and standardise guidelines for clinical assessment procedures. 
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Abstract 

Introduction: The current study describes and compares the haptic exploratory 

procedures (EPs) and exploratory movements (EMs) of typically developing (TD) 

children and children with spastic hemiplegic cerebral palsy (CP). This study was also 

used to test the interrater reliability of a novel digital recording method. 

Methods: Video data from a cross-sectional study were used to examine haptic EPs 

performed during the functional Tactile Object Recognition Test (fTORT) (Carey, 

Nankervis, LeBlanc, & Harvey, 2006). Fifty-four participants were recruited and 

consisted of 31 TD children (age range 6y 1m – 15y 9m; mean age 10y; SD 2y 9m; 14 

male) and 23 children with spastic hemiplegic CP (aged 6y – 15y 5m; mean age 10y 

2m (SD 2y 5m), 13 male; Manual Ability Classification System level I n = 11, level II 

n = 12; right hemiplegia n = 12). 

Results: TD children and children with CP performed similar patterns of haptic EPs.  

There were no statistically significant differences between groups for expected EP (p 

= .146), additional EPs (p = .778), or EMs (p = .687) but there was for mean duration 

of exploration (p < .001) and accuracy (p < .001). This suggests that although children 

with CP performed similar haptic EPs for each object as TD children, they took more 

time and were less accurate in their identification. 

Conclusion: This study provides evidence for a reliable method of recording the use 

of haptic EPs during the standardised fTORT administration. This study also provides 



 

295 

information to clinicians that will inform the development of evidence based 

assessments and treatments for haptic EPs for children with CP.  
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Introduction 

Identification of objects using the hands requires information from cutaneous, thermal, 

and kinesthetic receptors within the sensorimotor system to guide active object 

manipulation (Lederman & Klatzky, 2009). Typical patterns of object manipulation have 

been classified into eight typical hand movements, called haptic exploratory procedures 

(EPs) that are used to obtain specific object information (Lederman & Klatzky, 1987). 

Haptic EPs assist in identification of objects with and without vision (haptic object 

recognition), determine an object’s function and guide motor planning (Klatzky, 

Lederman, & Mankinen, 2005). The hand movements differ depending on what type of 

sensory attribute is being explored. Lederman and Klatzky (1987) described seven 

common sensory attributes in their original work; texture, hardness, temperature, weight, 

global shape, exact shape, part motion and function. Lateral motion may be used to detect 

different textures, pressure might be employed to test the rigidity or hardness of an object 

and unsupported holding will help to detect an object’s weight (Lederman & Klatzky, 

1990). Some hand movements performed during haptic object exploration cannot be 

classified as EPs and they have been called ‘actions’ (Withagen, Kappers, Vervloed, 

Knoors, & Verhoeven, 2013), and in this current paper ‘exploratory movements’. The 

term exploratory movements (EMs) was adopted in the current paper to align with 

consistent terminology used in the sense_assess© kids Administration manual (e.g. 

exploratory procedures). Actions or exploratory movements can be described as 

additional patterns of hand movements beyond ‘task maintenance’ that often occur in 

conjunction with EPs and sometimes independently of them (Lederman & Klatzky, 1987, 

p. 351; Withagen et al., 2013). For example, a young child may use the EM of banging in 

place of, or in combination with the more efficient EP of pressure to test for rigidity 

(Lederman & Klatzky, 1987). 

The development of haptic object recognition contributes directly to an infant’s cognitive 

development and is an important developmental process underlying a child’s ability to 

understand and control objects for occupational tasks. (Ballesteros, Bardisa, Millar, & Reales, 

2005; Henderson & Pehoski, 2006; Yu, Hinojosa, Howe, & Voelbel, 2012). When the haptic 

system is disrupted by damage to the developing brain, as may be seen in CP, haptic exploration 

and haptic object recognition are impaired (Wingert, Burton, Sinclair, Brunstrom, & Damiano, 

2008). Deficits in haptic object recognition are common for children with CP with a prevalence 

of between 57% to 86% (Cooper, Majnemer, Rosenblatt, & Birnbaum, 1995; Sakzewski, 

Ziviani, & Boyd, 2010; Van Heest, House, & Putnam, 1993; Yekutiel, Jariwala, & Stretch,  
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1994; McLean et al., 2017b). Many studies have investigated the haptic object recognition 

ability and development of haptic EPs for TD children (Kalagher, 2015; Molina et al., 2015) 

and children who are visually impaired (Bara, 2014; Withagen et al., 2013). However, to the 

authors’ knowledge no studies have explored the haptic EPs or EMs of children with CP.  

The functional Tactile Object Recognition Test (fTORT) (Carey et al., 2006) is designed to test 

the unilateral haptic recognition of objects without vision and record the use of haptic EPs during 

free object exploration. The original fTORT test forms (Carey et al., 2017) were used to record 

frequency and type of EPs by circling the observed EPs for each object on the test form. Listed on 

the test form were the expected EPs for each object based on evidence from Lederman and 

Klatzky (1987) and normative data from healthy adults (Carey et al., 2006). The expected EP was 

the most optimal and most common EP used for identification of fTORT objects by healthy adults 

(Carey et al., 2006; Lederman & Klatzky, 1987). Accuracy of object recognition was also 

recorded as a score out of 42, with 42 being the highest score achievable. The current study 

developed a new method of digitally recording the hand movements during the fTORT to 

accurately classify the observed haptic EPs and in addition, the presence of EMs. The child’s hand 

was filmed from two different angles during testing as per the standardised video protocol 

described later. 

This current study aimed to describe the haptic EPs of a sample of TD children and compare 

them to children with spastic hemiplegic CP with a Manual Ability Classification System 

(MACS) level of I or II (Eliasson et al., 2006) with the anticipation of developing 

recommendations for somatosensory intervention. It was hypothesised that: a) TD children aged 

6 to 15 years would perform the same haptic EPs as previously classified in adults (i.e. expected 

EP per object) when exploring the sensory attributes of fTORT objects (Lederman & Klatzky, 

1987); b) TD children would perform more expected EPs, less additional EPs and EMs, take 

less time to identify each object and correctly identify more objects than children with CP; c) 

age, gender, hand dominance for the TD children or MACS level and presence of 

somatosensory deficit for children with CP would be associated with differences relative to TD; 

and d) interrater reliability of identification of EPs using the Cohen’s kappa would be strong 

between two raters coding video data for children with and without CP (0.8 - 0.9).  

Methods 

Study design 

A cross-sectional study was employed to examine haptic object recognition performance 

and haptic EPs performed by children and youth during the fTORT. The study was 

conducted in Perth, Western Australia and the data were collected in participant’s homes 

in metropolitan and semi-rural areas of Perth. Recruitment for the TD participants 
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occurred via professional and personal contacts and data collection for both TD and CP 

groups occurred between March 2013 and December 2014. The study protocol was 

approved by the Human Research Ethics Committee of Princess Margaret Hospital for 

Children (#2052) and Curtin University (#87), Perth, Australia. 

Using video data collected during the fTORT administration we measured the following 

variables:  

1) Whether the expected EP was performed, the expected EP was the most optimal 

and most common EP used for identification of fTORT objects by healthy adults. 

2) Additional EPs, which was a count of any additional EPs that were performed 

that were not most optimal for identification of the particular object but still fit within the 

classification of an EP. Additional EPs are often used in sequence with the expected EP 

to gather additional sensory information. 

3) Frequency of EMs were recorded. EMs are movements that cannot be classified 

as EPs but are patterns that were observed frequently. 

4) Time taken was the total time in minutes and seconds taken to identify an object, 

starting from when the object was placed in the hand until the participant selected the 

object from the response poster. 

5) Accuracy in object recognition was measured as a categorical response of ‘yes’ 

correctly identified or ‘no’ incorrect.  

Participants 

Inclusion criteria were children aged 6 to 15 years with spastic hemiplegic CP with a 

confirmed diagnosis by a paediatrician. Exclusion criteria included surgery of the affected 

upper limb in the previous 12 months, or paralysis, spasticity or flaccidity of the upper 

limb that prevented voluntary motor control, or an inability to understand and respond to 

simple instructions such as, ‘In this activity you will be asked to tell me the everyday 

objects I put in your hand to feel without looking’. The TD study population was a 

convenience sample of school-aged children aged 6 to 15 years recruited through personal 

and professional contacts of the authors. Participants were excluded if they could not 

understand or respond to simple instructions.  

Outcome measure 

The fTORT was originally designed for use with adult stroke survivors but was adapted to 

create a paediatric version as part of this thesis (see Chapter three). The test contains 28 

common everyday objects (Table 9) chosen to represent the sensory attributes of texture, 
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hardness, temperature, weight global shape, exact shape, and function of an object, outlined 

in Lederman and Klatzky (1987). The fTORT also contains a response poster of 42 

numbered objects, 28 of these objects are  are provided for manipulation during the fTORT 

and 14 objects are tested per hand. The numbered response poster is placed in front of the 

participant and one of the 14 test objects is placed in the participant’s hand in sequence. 

The participant is then asked to identify what they are holding by choosing the 

corresponding object on the poster (Carey et al., 2017). Participants do not receive explicit 

or implicit instructions related to perceptual goals for the test objects. Accuracy of object 

recognition is recorded as a score out of 42. Based on normative data for the fTORT a score 

>36 for the left or right hand indicates intact haptic object recognition ability for 6 to 8 year 

olds; >38 (left and right hand) for 9 to 11 year olds; and >39 (right hand) >38 (left hand) 

for 12 to 15 year olds. Scores below this range may indicate impaired haptic object 

recognition. 

Table 10 functional Tactile Object Recognition Test objects 

Sensory attribute Test Object Expected EP 

Temperature Metal doorknob Static contact 

Temperature Wood doorknob Static contact 

Temperature Steel bowl  Static contact 

Temperature Plastic bowl Static contact 

Hardness Hardcover book Pressure 

Hardness Paperback book Pressure 

Hardness Firm plastic cup  Pressure 

Hardness Crush plastic cup Pressure 

Function Zipper  Part motion 

Function Buttons Part motion 

Function Click switch Part motion 

Function Turn light switch Part motion 

Shape Cylinder pasta Contour following 

Shape Spiral pasta Contour following 

Shape Fork Contour following 

Shape Spoon Contour following 

Size Small watch Enclosure 

Size Large watch Enclosure 

Size House key  Enclosure 

Size Filing cabinet key Enclosure 

Weight Empty jar  Unsupported holding 
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Sensory attribute Test Object Expected EP 

Weight Full jar Unsupported holding 

Weight ½ full milk bottle Unsupported holding 

Weight Full milk bottle Unsupported holding 

Texture Paper card Lateral motion 

Texture Plastic card Lateral motion 

Texture Plastic peg Lateral motion 

Texture Wooden peg Lateral motion 

Note. Adapted from L. Carey, Y. Mak, and A. M. Tan, 2011, SenScreen© Kids Administration manual. 

Participants were assessed at one time-point in their own homes by an occupational therapist 

trained in the use of the fTORT.  The test was administered in a standardised manner as per 

manual specifications with an approximate administration and scoring time of 15 minutes. The 

participant’s hand movements were video-recorded using a tripod and camera positioned 

directly behind and above the examiners shoulder and tilted down at a 45° angle. The examiner 

was seated to the side of the participant (Figure 24). If the right arm was being tested, the 

examiner and camera was positioned on the right side and vice versa for the left. The video data 

were coded to extract information about the occurrence of the variables under examination: 1) 

expected EP; 2) frequency of additional EPs; 3) frequency of EMs; 4) duration of response time 

and 5) accuracy.  

Figure 7 Administration set up of the functional Tactile Object Recognition Test 

 
Data analysis 

General Estimating Equations (GEE) were used to compare between group differences 

(TD and CP) for the variables under examination. GEEs were also used to examine within 

group differences for age, gender, hand dominance or MACS level. Logistic regression 

modeling was used to analyse binary variables of expected EP and accuracy, linear 

regression was used for the continuous measure of time taken to respond and Poisson 
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regression modeling was used for variables with multiple counts such as frequency of 

additional EPs and EMs. Rater reliability was determined by having a second coder 

evaluate 20% of the video data. Cohen’s kappa was calculated to determine the agreement 

between raters’ observations of the expected EP per object (Landis & Koch, 1977). 

Results 

Participants 

Fifty-nine participants were confirmed eligible and consisted of 31 TD children (aged 6y 

1m – 15y 9m; mean age 10y; SD 2y 9m; 14 male) and 28 children with spastic hemiplegic 

CP (aged 6y – 15y 6m; mean age 10y 2m; SD 2y 4m); 16 male; MACS level I n = 11, 

level II n = 17; right hemiplegia n = 12). One child did not complete the fTORT test 

procedure as they were unable to attend to the task and were therefore excluded from the 

data analysis. Four children with CP required hand over hand assistance from the 

examiner to explore the objects due to compromised motor control and the natural 

patterns of haptic EPs could not be examined so they were also excluded. Therefore, there 

were 23 children with CP included in the study and data analysis (age range 6 y - 15y 5m; 

mean age 10y 2m; SD 2y 5m; 13 male; MACS level I n = 11, level II n = 12; right 

hemiplegia n = 12). Of the 23 children confirmed eligible for this study13 had a haptic 

object recognition deficit as identified by the fTORT. 

Results 

Reliability of method to record hand movements 

Cohen's κ estimated the frequency of non-chance agreement between the two raters’ 

observations of video recordings of each child’s hand movements. There was substantial 

agreement between the two raters' observations of expected EP, κ = .643 p < .0005 

(Landis & Koch, 1977).  

Normative performance 

TD children performed the same haptic EPs previously classified in adults (Carey et al., 

2006; Lederman & Klatzky, 1987). Descriptive tables of type of EPs performed were 

computed for children with and without CP (Figures 25 and 26).  

TD children performed all the expected EPs when identifying objects related to texture, 

temperature, global shape, exact shape, part motion and weight but not consistently for  
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Figure 8 Count of haptic exploratory procedures performed by typically developing 

children  

 

Figure 25. Graphic representation of exploratory procedures performed by 31 children without cerebral 

palsy for each functional Tactile Object Recognition Test object that was presented for manipulation in this 

study. CF = contour following; EN = enclosure; FU = function; LM = lateral motion; PM = part motion; 

PR = pressure, SC = static contact; UH = unsupported holding. 

function or hardness. For function (buttons) the most commonly used EP was contour following 

and for hardness (hardcover book or paperback book) function testing was the most common. 

On average TD children performed five different EPs per object and even though children 

performed the expected EPs for six of the seven sensory attributes, the expected EP was not 

always the most common in the sequence of haptic exploration (Table 10).  

The present study also identified 12 EMs that could not strictly be classified as EPs (Figures 27 

and 28) and there were five EMs that TD children performed most often. For temperature, 

hardness and part motion the most frequent EMs observed were tapping the object on a surface, 

tapping on the object and turning the object over on a surface repeatedly. Tapping the object on 

a surface and tapping on the object was used for exact shape and weight with the addition of 

shaking the object to identify weight. For texture (i.e. pegs, paper and plastic cards), the most 

frequent EM was tapping the object on the surface of a table. The EMs of lifting with enclosure, 

lifting and intentional dropping, lifting and tilting and unsupported holding and tilting are likely 

subsets of the unsupported holding EP originally described by Lederman and Klatzky (1987). In 

this study, they are listed separately to demonstrate the varied exploration children used to 

determine not only weight by dropping the objects but volume of the objects by tilting and 

gaining information from rotational inertia.  
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Figure 9 Count of haptic exploratory procedures performed by children with 

cerebral palsy 

 
Figure 26. Graphic representation of exploratory procedures performed by 23 children with cerebral palsy 

for each functional Tactile Object Recognition Test object that was presented for manipulation in this study. 

CF = contour following; EN = enclosure; FU = function; LM = lateral motion; PM = part motion; PR = 

pressure, SC = static contact; UH = unsupported holding. 

Table 11 Haptic exploratory procedures of typically developing children related to the 

functional Tactile Object Recognition objects 

Sensory attribute Test object 

Expected exploratory 

procedure 

Most frequent exploratory 

procedure 

Temperature Metal doorknob Static contact *Contour following  

Temperature Wood doorknob Static contact Not tested  

Temperature Steel bowl  Static contact *Enclosure 

Temperature Plastic bowl Static contact *Enclosure  

Hardness Hardcover book Pressure *Function  

Hardness Paperback book Pressure *Function 

Hardness Firm plastic cup  Pressure Pressure 

Hardness Crush plastic cup Pressure Pressure  

Function Zipper  Part motion *Contour following  

Function Buttons Part motion *Contour following 

Function Click switch Part motion Part motion 

Function Turn switch Part motion Not tested 

Shape Cylinder pasta Contour following Contour following 
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Sensory attribute Test object 

Expected exploratory 

procedure 

Most frequent exploratory 

procedure 

Shape Spiral pasta Contour following Contour following  

Shape Fork Contour following Contour following  

Shape Spoon Contour following Contour following  

Size Small watch Enclosure Enclosure  

Size Large watch Enclosure Enclosure  

Size House key  Enclosure *Contour following  

Size Filing cabinet key Enclosure *Contour following  

Weight Empty jar  Unsupported holding *Enclosure  

Weight Full jar Unsupported holding *Enclosure 

Weight ½ full milk bottle Unsupported holding *Contour following  

Weight Full milk bottle Unsupported holding *Contour following  

Texture Paper card Lateral motion Lateral motion  

Texture Plastic card Lateral motion Not tested 

Texture Plastic peg Lateral motion *Contour following 

Texture Wooden peg Lateral motion *Contour following  

Note. * Indicates that the expected exploratory procedure as described in the functional Tactile Object 

Recognition Test test form was not the most frequently used for the object 

Figure 10 Exploratory movements performed by typically developing children 

 
Figure 27. Graphic representation of exploratory movements performed by 31 children without cerebral 

palsy for each functional Tactile Object Recognition Test object that was presented for manipulation in this 

study. FL = flicking; LI = lifting with enclosure; LITI = lifting and tilting; RO = rolling; SH = shaking; SW 

= swiping; TI = tipping; TO = tapping on object; TOO = tapping object on surface; TU = turning object 

over; UHTI = unsupported holding and tilting. 
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Figure 11 Exploratory movements performed by children with cerebral palsy 

 
Figure 28. Graphic representation of exploratory movements performed by 23 children with cerebral palsy 

for each functional Tactile Object Recognition Test object that was presented for manipulation in this study. 

LI = lifting with enclosure; LIDr = Lifting and intentional dropping; LITI = lifting and tilting; RO = rolling; 

SH = shaking; SW = swiping; TI = tipping; TO = tapping on object; TOO = tapping object on surface; 

UHTI = unsupported holding and tilting. 

Comparison between children with and without cerebral palsy 

TD children and children with CP performed similar haptic EPs and EMs but at different 

proportions for each fTORT object presented.  There was no statistically significant 

difference between groups for number of expected EPs (p = .146), number of additional 

EPs (p = .778), or number of EMs (p = .687) per object however differences in mean time 

(p < .001) and accuracy (p < .001) were significant. This suggests that although children 

with CP performed similar haptic EPs for each object as TD children, the children with 

CP took more time and were less accurate. 

Even though between group analysis revealed no significant difference for proportion of expected 

EP, additional EPs or EMs, the children with CP consistently had a lower mean for each variable 

(Table 11). Greater standard error and variability in results for all variables also indicated that their 

overall performance on the fTORT, and execution of hand movements were impaired when 

compared to TD children.  

The same GEEs were used to examine each variable for the TD group however, the older age 

group included a greater proportion of females so age, gender and hand dominance were added 

to the model and an adjusted analysis was performed. The dominant hand was significantly 

better at selecting optimal EPs (p < .001) and the older age group (9 - 15 yrs) was significantly  
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more accurate than the younger age group (6 - 8 yrs) (p < .001). Females took slightly longer to 

explore objects (mean 8.75 seconds) than males (mean 8.53 seconds) but were more accurate; 

although the difference in these results did not reach statistical significance (p = .80 for time 

taken; p = .098 for accuracy).  

Table 12 Means and standard errors for each variable based on group 

Variable  

TD (N = 31) CP (N = 23) 

P 

value Mean 

Std. Error  

(95%CI) Mean 

Std. Error 

(95%CI) 

Mean number of expected 

exploratory procedures per 

object 

0.45 0.014 (.42-.48) 0.40 0.035 (.33-.47) .146 

Mean number of additional 

exploratory procedures per 

object 

1.04 0.024 (.99-1.08) 1.01 0.073 (.88-1.17)  .778 

Mean number of 

exploratory movements per 

object 

0.27 0.032 (.21-.34) 0.29 0.046 (.21-.40) .687 

Time taken to explore each 

object in seconds 

8.60 0.502 (7.63-9.6) 17.40 1.520 (14.4-

20.4) 

<.001* 

Mean accuracy per object 0.84 0.018 (.80-.87) 0.61 0.057 (.50-.72) <.001* 

Note. *Indicates statistical significance. TD = typically developing; CP = cerebral palsy; Std = standard; CI 

= confidence interval. 

The same analysis was performed for children with CP adding a variable for MACS level 

instead of hand dominance and another for haptic object recognition deficit compared with no 

deficit as measured by the fTORT (e.g. a score >36 for the right hand indicating intact haptic 

object recognition ability for 6 to 8 year olds). Children with MACS level II performed fewer 

expected EPs (p = <.0001) and took more time to explore objects (p = .004) than children with 

MACS level I however there were no statistically significant differences in accuracy (p = .732). 

Children with MACS level II used fewer additional EPs and fewer EMs consistent with less 

overall movement. When comparing children with and without haptic object recognition deficits 

identified by the fTORT, statistically significant differences were observed for accuracy only (p 

= .017) as is to be expected. Children classified as having a haptic object recognition deficit 

took more time but this was of borderline statistical significance (p = .055). Following the 

results of the initial GEEs a more detailed between groups analysis was performed comparing 

the dominant and non-dominant hand of TD children with the affected hand of children with CP 

for the same variables. There was a significant difference between the dominant hand of TD 

children and the affected hand of children with CP, but no statistically significant differences 

were seen for the non-dominant hand. This indicates that the performance of the affected hand  
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of children with CP and the non-dominant hand of TD children were comparable when tested 

with the fTORT. 

Discussion 

This study provides preliminary evidence that children with CP can and do perform some 

of the same optimal haptic EPs as previously published for TD children and adults 

(Lederman & Klatzky, 1987; 1993; Withagen et al., 2013). In the current study children 

with CP performed similar expected haptic EPs and additional haptic EPs as their TD 

peers. The observed similarities were surprising, especially the choice of optimal EPs, 

given that children with CP often experience significant deficits in haptic object 

recognition (Auld, Boyd, Moseley, Ware, & Johnston, 2012a). Despite the similarities in 

hand movements, children with CP took longer to explore each object and were less 

accurate in object identification than TD children. The same was true when children with 

CP with and without a somatosensory deficit were compared; children with a haptic object 

recognition deficit took more time and were less accurate. These findings indicate that 

somatosensation plays a pivotal role in haptic object recognition despite the development 

and presence of motor patterns to perform the optimal haptic EPs. The mutually 

dependent relationship between motor and sensory function is well known (Russo, 2011; 

Latash & Lestienne, 2006). Ecological frameworks describe exploratory activity as more 

than a mere motor process that is supported by sensory input from an external layout 

(Gibson, 2000). However, the similarity in EPs between CP and TD groups is surprising 

given the often restricted information available through their somatosensory system 

(Cooper et al., 1995). 

MACS level significantly impacted selection of optimal EPs and the time taken to explore objects. 

Children with MACS level II used fewer additional EPs and fewer EMs and were slower at 

identifying objects. However, unlike TD children this finding does not indicate an increased use of 

optimal EPs but rather reduced patterns of movement altogether due to decreased hand function. 

These results are not surprising considering that MACS level I is defined as ‘Objects handled easily 

and successfully’ and MACS Level II as ‘Handles most objects but with some reduced quality 

and/or speed’ (Eliasson et al., 2006). Children with MACS level I had slightly better accuracy than 

children with MACS level II although this did not reach statistical significance. This again indicates 

that a greater range of motor abilities was not the primary determinant of accuracy and that 

somatosensation is essential to haptic object recognition.   

In our study, the types of haptic EPs chosen by children with and without CP were similar to 

adults however all children also performed extra hand movements not classifiable as EPs. This  
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finding supports the recent work of Withagen et al. (2013) who found that children with and 

without a visual impairment also performed additional hand movements when identifying the 

sensory attributes of weight, size, exact shape and texture.  Withagen et al. (2013) described the 

purpose of ‘actions’ as gathering extra information about an object. In their study, they found that 

most actions occurred during the tasks of exact shape and weight for blind and sighted children. In 

our study, the most EMs occurred during exploration of weight for children with and without CP.  

These additional movements may suggest object recognition difficulties or the need for greater 

confirmation related to specific sensory attributes. The additional movements may provide extra 

information which children may need more than adults who are more familiar with a range of 

sensory attributes of everyday objects. For example, tapping on an object and tapping the object 

on a surface may be a primitive exploratory behaviour to test for hardness as is often seen in 

infants (Klatzky, 2005). Instead of using pressure infants perform the exploratory behaviour of 

banging for hard objects more often than for soft ones (Klatzky, 2005). Geometrically novel 

objects (sensory attribute of global shape) may elicit turning the object over and over to 

compensate for underdeveloped skills in contour following. With relation to other additional 

EPs, Lederman and Klatzky (1990) reported that a highly generalised enclose and lift sequence 

observed in their study extracted low level gross information about common (test) objects. We 

also identified a primitive behaviour for extracting information about weight. Shaking was the 

most frequently used EM for TD children and lifting with enclosure was the most frequent for 

children with CP.  

The optimal EP for weight, unsupported holding, was at a very low proportion for children with 

and without CP even for the small and light empty jar. Exact weight may be difficult to determine 

for children with and without CP aged 6 to 15 years who therefore use an increased amount of 

dynamic touch and haptic exploration. For children with CP their common EM of lifting with 

enclosure may be equivalent to shaking for TD children but due to minor motor impairment and 

reduced strength vigorous shaking may have been too difficult. Riley, Wagman, Santana, Carello, 

and Turvey (2002) highlighted that the more difficult the detection and discrimination of an object 

the more pronounced exploratory behaviours become. From a developmental perspective, 

somatosensation increases with age so it is possible that children need more input supplied to 

proprioceptors via shaking and lifting to detect weight than adults (Jansen, Tiest, & Kappers, 

2015; Taylor et al., 2016). 

For TD children the dominant hand was significantly better at selecting optimal EPs than the 

non-dominant hand and the older age group (9 - 15 yrs) was significantly more accurate than the 

younger age group (6 - 8 yrs). Interestingly, young children with CP (6 - 8 yrs) were slightly 

more accurate than older children (9 - 15 yrs). The clinical significance of this finding is 

uncertain but we speculate that due to the highly heterogeneous nature of neurological  



 

309 

impairment, severity of somatosensory deficit may also vary despite age, gender or area of 

hemiparesis.  

There was a significant difference between the dominant hand of TD children and the affected 

hand of children with CP that was not apparent when all data were grouped together in the initial 

analysis. This finding is important because studies often compare the impaired hand of children 

with CP to the non-dominant hand of TD children (Jaspers et al., 2011). The present data provides 

an indication that the affected hand of children with CP and the non-dominant hand of TD 

children are comparable. This finding offers further evidence to support an appropriate method of 

comparison between clinical and non-clinical groups for future research studies examining hand 

function. 

This study demonstrated the importance of observing how children perform tasks, not just whether 

they complete the tasks (Pehoski, Henderson, & Tickle-Degnen, 1997). Even though our sample 

of children with CP performed the expected hand movements required to identify each fTORT 

object they couldn’t consistently identify them. This information will be important to consider 

when planning rehabilitation related to selection of optimal haptic EPs, and deficits in haptic 

object recognition. It is becoming increasingly evident that the selection of haptic EPs helps to 

increase haptic perception. Morrongiello, Humphrey, Timney, Choi, & Rocca (1994) found that 

the haptic EPs used by children who were blind influenced the quality of haptic perception; they 

described the systematic way blind children explored objects to be positively correlated with their 

haptic object recognition scores.  

Somatosensory interventions have the potential to enhance the mechanisms for extracting 

somatosensory information and therefore influence the quality of haptic perception (McLinden, 

2012). Perceptually based somatosensory interventions such as, sense© training can provide 

haptic learning experiences that are well structured, graded appropriately and progressive 

(Carey, Macdonell, & Matyas, 2011). There is preliminary evidence to suggest that sense© 

improves haptic object recognition in children with CP aged 6 to 15 years (McLean et al., 

2017a). Based on principles of perceptual learning and learning-dependent neural plasticity 

sense© is designed to improve three aspects of somatosensory discrimination: haptic object 

recognition, tactile discrimination, and limb position sense (Carey et al., 2011; McLean et al., 

2017a).  Haptic object recognition is trained using graded object sets that reflect each of the 

seven sensory attributes that were originally described by Lederman and Klatzky (1987) and 

were also examined in the current study.  

What the current paper can add to sense© is the opportunity for a more in-depth examination of 

exploratory behaviours using the data from TD children and children with CP. During sense© 

training if the active exploration performed by a child is the optimal EP for the sensory attribute 

the child may progress to a more complex level. If additional methods of exploration or more  
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time is required (using additional EPs, EMs or exceeding a reasonable amount of time of 

exploration; 16 seconds ± 13 seconds), more graded perceptual training can be provided. From 

the current data, we know that if a child is tapping on an object or tapping the object on a 

surface, that has a sensory attribute of hardness, they require focused training for the EP of 

pressure. If a child is shaking an object in an attempt to identify weight then this would require 

training in unsupported holding, and turning the object over indicates a need for training in 

contour following. The data provided in the current paper can be used as performance 

guidelines for haptic EPs for children aged 6 to 15 years. Ultimately sense© aims to improve 

somatosensory discrimination capacity for children with CP but fine tuning the methods to 

achieve object recognition will give children the best chance for rehabilitation and improved 

haptic object recognition.  

The normative data from this study have been included in the fTORT test administration manual 

for children (Carey et al., 2017). Knowledge of typical function can be used at the initial 

assessment stage to identify less optimal exploratory behaviour in children with CP and direct 

goals for sense© training. This study also provides a standardised video protocol (Appendix E) 

that is used to record and evaluate hand movements performed during the fTORT. Using video to 

record this extra data and two reviewers to code the hand movements adds a reliable and multi-

dimensional method to measure EPs, EMs and time taken to identify each object.  

Limitations 

Due to the test forms chosen in the administration phase of this study we did not provide 

the wooden doorknob, turn light switch or plastic card for manipulation therefore, we do 

not have data for these objects. There was also no object that represented function testing 

only part motion therefore we don’t know if children would have selected function testing 

for objects that had function testing as their expected EP. Children performed free 

unilateral exploration and were not provided with explicit or implicit perceptual goals. It 

is unclear if more perceptually driven goals would have reduced the occurrence of 

additional EPs and EMs. It should be known that despite the absence of perceptual goals 

and the inclusion of novel and complex objects in the test procedure, children from both 

groups still spontaneously performed all eight of the haptic EPs previously published for 

adults (Lederman and Klatzky, 1987). Although we achieved substantial rater agreement, 

video coding is inherently subjective (Klatzky, Lederman, & Balakrishnan, 1991). 

Electronic sensors designed to record human manipulative behaviour from a robotic 

standpoint may provide superior accuracy for measuring EPs during haptic tasks due to 

their ability to be more sensitive to small movements (Klatzky et al., 1991). However, 
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until further development and commercial availability clinicians can rely on the 

standardised methods described in this paper.  

Conclusion 

Understanding the haptic EPs of TD children is fundamental when developing an 

evidence based haptic somatosensory intervention. This paper provides further 

understanding of TD EPs as well as describing the EPs of children with CP. With this 

new knowledge clinicians are able to tailor haptic interventions for children.  
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