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Abstract 

Introduction: To characterise somatosensory discrimination impairment of the upper-limb 

across domains of tactile 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 cerebral palsy (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: Tactile discrimination was impaired in 18, limb position sense in 20, and haptic 

object recognition was impaired in 21 of 28 children. Over eighty percent (23/28) of children 

had impaired somatosensory discrimination in one or more domains. Low to moderate 

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 moderate 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 associated with manual ability, suggesting a need for routine 

assessment of somatosensation in this population.  

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

stereognosis 

Word counts: abstract, 203/300; main document, 4589. 
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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, Paneth, Leviton, 

Goldstein, & Bax, 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, Blair, & Alberman, 2000). Impairments in 

somatosensation have been reported for up to 97% of children with hemiplegic CP (HCP) 

(Van Heest, House, & Putnam, 1993).  Previous studies have found that roughly two thirds of 

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

motor function (Auld, Boyd, Moseley, Ware, & Johnston, 2012a, 2012b; Klingels et al., 

2012).  A recent editorial described CP as a sensorimotor disorder and highlighted the 

importance of considering somatic sensation to enhance the relevance of therapies for this 

group of children (Dan, 2020). 

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). Tactile registration is the initial awareness of an 

external stimulus and does not involve interpretation of stimulus meaning (Williamson & 

Anzalone, 2001). Somatosensory discrimination, a more complex function than registration, 

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 or stereognosis (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 

everyday functioning (Dunn et al., 2013).  

The reported frequency of somatosensory impairment in children with HCP varies from 50 to 

97 percent in stereognosis alone, with limb position and two-point discrimination also 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

frequently impaired (Majnemer, Bourbonnais, & Frak, 2008). Somatosensation is important 

for use of the upper limb in daily actions, motor function and gains following motor and 

upper-limb interventions for children with CP. Tactile sensation and limb position sense have 

been found to account for one-third of the variance in motor performance among a cohort of 

52 children with CP (Auld, Boyd, et al., 2012a). In addition, in a single-case study of 16 

children, better tactile sensation and limb position sense were associated with greater motor 

learning gains following intervention (Robert, Guberek, Sveistrup, & Levin, 2013). Impaired 

tactile sensation and limb position sense are also predictive of functional gain after upper-

limb surgery, with those children most severely affected unlikely to benefit functionally from 

procedures to correct deformity (Zancolli, 2003). Emerging evidence has demonstrated that 

somatosensory discrimination is modifiable and can lead to gains in bimanual hand-use 

(McLean et al., 2017). 

With the assertion that CP is a sensorimotor disorder it is important to consider 

somatosensory function that interfaces with motor function (Dan, 2020). This paradigm 

cements the importance of haptic ability and limb position sense as areas for assessment and 

intervention. Limb position sense is an important aspect of somatosensory discrimination 

which is typically measured by 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 detection, direction, or replication of movement or position (Cooper, Majnemer, 

Rosenblatt, & Birnbaum, 1995; Klingels et al., 2010; McLaughlin et al., 2005). While these 

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

HCP, they are somewhat subjective and responsiveness to change is unknown. The 

sense_assess© kids is a norm referenced, functional measure of somatosensory 

discrimination proposed by Taylor et al. (2017) that examines protective touch, tactile 

discrimination, haptic object recognition and limb position sense. The sense_assess© kids 

was selected for this current work because it is a measure that covers the aspects of 

somatosensory function of interest. 

Despite children with HCP frequently having impairment, somatosensory functions are not 

routinely assessed in clinical practice and therapists lack confidence in the measures they are 

using (Walmsley et al., 2018). 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 

(McLean, 2018). This research aims to characterise the frequency and nature of impairments 
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in somatosensory discrimination in a sample of children with HCP using the sense_assess© 

kids (Taylor et al., 2017) and to examine associations between somatosensory impairment 

and motor performance quantified by a measure of gross manual dexterity and manual ability 

as classified by the Manual Ability Classification System (Eliasson et al., 2006).  

 

Method: 

Participants. Participants in this cross-sectional study attended a Cerebral Palsy 

Mobility Service at a tertiary children’s hospital [removed for peer review]. 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 12 months 

post any upper-limb surgery at the time of assessment. Recruitment took place from May 

2013 to May 2015. Data were collected as part of a larger registered trial, 

ACTRN12614000314628. This study received ethics approval from the [removed for peer 

review] HREC (2052). Informed consent was received from parents and children assented to 

the study and all eligible children were invited to participate. 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 because this was to be the target of intervention in the 

larger study. 

Outcome measures. Somatosensory discrimination. The sense_assess© kids is a 

standardised, norm referenced assessment of functional somatosensory capacity of the upper 

limb of children with CP (Taylor, McLean, et al., 2018). The sense_assess© kids  contains a 

measure of tactile registration, The Protective Touch Test (Weinstein, 1993); a measure of 

tactile discrimination, the Tactile Discrimination Test (Carey, Oke, & Matyas, 1997); a 

measure limb position sense, the Wrist Position Sense Test (Carey, Oke, & Matyas, 1996); 

and a measure of haptic object recognition, the functional Tactile Object Recognition test 

(Carey, Mak-Yuen, & Matyas, 2020). Construct validity has been established in the 

component tests of the sense_assess© in adult and paediatric populations with and without 

neurological conditions (Carey, Nankervis, LeBlanc, & Harvey, 2006; Carey et al., 1996; 

Carey et al., 2020; Carey et al., 1997; Taylor, 2017). Protective Touch Test  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) across 

dorsal and palmer aspects of the hands (Taylor, McLean, et al., 2018). The Protective Touch 
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Test has high interobserver agreement of 99 to100% in typically developing children (Taylor, 

McLean, et al., 2018). The Tactile Discrimination Test (Carey et al., 1997; Taylor, McLean, 

et al., 2018) 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 Test 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., 2020; Taylor, Girdler, et al., 2018) 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 functional Tactile Object Recognition Test is a 

unidimensional scale with excellent internal consistency (Carey et al., 2020) and has 

demonstrated construct validity for children with CP (Taylor, Girdler, et al., 2018) . The 

Wrist Position Sense Test (Carey et al., 1996; Taylor et al., 2020) 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 pointer is positioned on a protractor scale, and lower 

scores indicate better performance. The Wrist Position Sense Test has high retest reliability 

(Taylor, McLean, et al., 2019), good discriminative validity, has demonstrated construct 

validity and responsiveness for children with CP (Taylor et al., 2020). 

 

Gross manual dexterity. The Box and Block Test (Araneda et al., 2019; Mathiowetz, 

Federman, & Wiemer, 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, Nijhuis-van der Sanden, & Steenbergen, 2013).   

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

consultant paediatricians and invited to participate by the primary investigator [removed for 
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peer review]. An occupational therapist [removed for peer review] visited the families’ 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 (MACS) level (Eliasson et al., 2006) was identified by a 5-minute 

parent interview. 

Statistical Analysis. Somatosensory discrimination improves with age in typically 

developing children (Taylor et al., 2016), therefore we conducted an analysis of variance to 

examine differences between age groups in our sample. 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 et al., 2017; Taylor et 

al., 2015; Taylor et al., 2020). 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’s 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 current botulinum toxin therapy receipt or 

non-receipt on somatosensory discrimination.  

 

Results 

Thirty-three children met the inclusion criteria. Three children declined, and 30 children 

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

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 MACS 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 Protective Touch Test, functional Tactile Object Recognition Test and the Wrist Position 

Sense Test, 27 completed the Tactile Discrimination Test- one child was unable to complete 
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the measure; and 26 completed the Box and Blocks Test, two were not asked to complete the 

measure in error.   

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 I). Twenty-one (75%) children demonstrated impaired haptic object 

recognition on the functional Tactile Object Recognition Test (see Table II). Eighteen (67%) 

children demonstrated impaired tactile discrimination on the Tactile Discrimination Test (see 

Table III). Six of the 28 children (21%) 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 (please see 

tables I, II and III). 

[Insert tables I, II and III here please] 

Combinations of Somatosensory Discrimination Impairment. More than half of 

the children (16/28) had impairment in three or more somatosensory domains (see figure I). 

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

discriminative somatosensory measures.  

[Insert figure I here please] 

Somatosensory Discrimination and Motor Performance. A moderate negative 

correlation (rs=  -.57, p<.01) (Mukaka, 2012) exists between the number of impaired 

somatosensory domains and performance on the Box and Block Test with a discernible 

decline in median scores as the number of impaired somatosensory domains increases (see 

Figure I). Low to moderate 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 low negative and low positive correlation with motor performance (rs (24)= -

0.48, p= .01) and (rs (23)=0.43, p=.03) respectively. The functional Tactile Object 

Recognition Test showed a moderate correlation with motor performance on the Box and 

Block Test (rs = 0.66, p= <.01).  
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Somatosensory Discrimination and Manual Ability. There was also a significant 

association between Manual Ability Classification Level (MACS) 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 (Protective Touch Test U= 87, p=  .65; Wrist Position 

Sense Test U= 71, p=  .23; functional Tactile Object Recognition Test U= 96, p=  .96; Tactile 

Discrimination Test U= 88, p=  .90) or motor performance (U= 54, p= .15). 

 

Discussion 

The frequency of impairment in somatosensation we observed in our sample of children with 

HCP using the sense_assess© kids is slightly higher but comparable with previous findings 

(Auld, Boyd, et al., 2012b). 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 in a study of 52 children with HCP (Auld, Boyd, et al., 2012b). In both 

studies children with impaired protective touch were found to have impairments across all 

measured somatosensory domains and we would suggest these children be prioritised for 

intervention. Our finding that 67% of children in our study had reduced tactile discriminat ion 

ability is consistent with previous reports indicating it is frequently impaired (Auld, Boyd, et 

al., 2012b; Wingert, Burton, Sinclair, Brunstrom, & Damiano, 2008). Using a novel measure 

of haptic object recognition, we observed impairment in 75% of our sample. 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 63% (N=52) (Auld, Boyd, et al., 2012b) and 51% (N=55) (Yekutiel, 

Jariwala, & Stretch, 1994) however in light of a recommendation for a more challenging 

measure of haptic object recognition (Auld, Ware, Boyd, Moseley, & Johnston, 2012) their 

results may be underestimates.  
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Wrist position sense was measured using a quantitative approach and we observed reduced 

performance in 74% of our sample. We had substantially more children with reduced 

performance than other studies. Assessments of limb position sense in those other studies 

used a less precise method of measuring limb position such as subjective reporting or/ 

subjectively determined direction of movement or position matching (Cooper et al., 1995; 

Van Heest et al., 1993). The higher rate observed in our work most likely reflects the greater 

sensitivity of an interval rather than an ordinal or categorical measurement scale (Taylor et 

al., 2017; Taylor et al., 2020) and is consistent with differences between clinically oriented 

tests and the Wrist Position Sense Test in adults with stroke (Carey, Matyas, & Oke, 2002).  

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.  

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 (71%) of our sample 

had impairment in two or more domains. While this frequency of impaired somatosensory 

discrimination function is important, we also observed that a higher number of impaired 

somatosensory domains was associated with poorer unimanual motor performance.  

The low to moderate correlations observed between somatosensory discrimination and gross 

manual dexterity in our sample of 28 children with hemiplegic CP, further support the role of 

somatosensory impairment in poor motor performance and begs further study with children 

from a broader range of manual abilities. This is further supported by the findings of a study 

of 25 children with HCP that found moderate to strong correlations between measures of 

tactile sensibility and an object pick-up test (Krumlinde-Sundholm & Eliasson, 2002), a study 

of 15 children with HCP that found a relationship between tactile sensibility and fine control 

of fingertip force regulation (Gordon & Duff, 1999), and a study of 52 children with HCP 
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that reported correlations between spatial tactile deficits and both unimanual and bimanual 

performance (Auld, Boyd, et al., 2012a). A preliminary investigation by this research team 

found that improvements in limb position sense co-occurred with improvements in bimanual 

hand-use, with gains in both maintained at 6-months post intervention (McLean et al., 2017). 

Collectively these studies highlight important associations between somatosensory functions 

and upper-limb motor performance with emerging evidence suggesting somatosensation is 

modifiable and may improve bimanual hand function. These findings emphasise the need to 

address somatosensory discrimination impairments when planning therapy/strategies to 

improve upper-limb motor function.  

The number of somatosensory domains that were impaired influenced the quality of motor 

performance, such that 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 

maintenance of gain for motor learning interventions and upper-limb surgery are associated 

with somatosensory function (Robert et al., 2013; Zancolli, 2003). Investigations of the 

efficacy of interventions for somatosensory impairment and subsequent motor learning are 

required to confirm this. 

We did not find a significant association with past botulinum receipt and somatosensory 

discrimination impairment. Clinics providing specialist upper-limb assessment for spasticity 

management may not have an advantage in identifying children at risk of somatosensory 

impairment. However, while this current study found that MACS level was associated with 

somatosensory discrimination impairment, previous work examining haptic exploratory 

procedures in children with HCP found no association between manual ability and accuracy 

in somatosensory tasks (Taylor, Girdler, et al., 2019). Taken in combination these findings 

support the need for routine assessment of somatosensory function for children with HCP in 

primary and tertiary service settings. 

Currently there is only emerging evidence for interventions targeting somatosensory ability 

for children with HCP (Kuo et al., 2016; McLean et al., 2017; Smorenburg, Ledebt, 

Deconinck, & Savelsbergh, 2013). There is a growing body of literature recommending 

interventions to address somatosensory impairment be investigated in this group of children 

(Auld, Russo, Moseley, & Johnston, 2014; Dan, 2020; Klingels et al., 2012; Majnemer et al., 

2008; Van de Winckel et al., 2013). Early investigations suggest that somatosensory 
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discrimination functions are modifiable and result in improvements in bimanual hand-use 

(McLean et al., 2017). However, this has only been observed in a small sample and more 

research is needed to investigate treatment options and their impact on somatosensation, 

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 provide evidence for the sense_assess© kids.  

Limitations. We only assessed somatosensory function of the more impaired 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, Boyd, et al., 

2012b). This suggests that the ‘unimpaired’ limb should be assessed with a view to 

intervention rather than providing a control comparison. This study presents baseline 

assessment data of a study that investigated an intervention that utilises the less impaired 

hand as a “reference” hand to calibrate somatosensory inputs and the impaired hand was 

prioritised for assessment since it was to be the focus of intervention. The sense_assess© kids 

has been modified for use with children aged 6-15 years however children with CP are 

increasingly diagnosed before 2 years of age making clinical awareness of the high incidence 

of somatosensory impairment, the development of assessments for young children and 

integrated intervention approaches a priority for future work in this area.  

  

Conclusions 

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

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

impaired somatosensory domains and unimanual motor performance as well as low to 

moderate 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 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 
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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. 

 

Key Points for Occupational Therapy 

 Assessment of somatosensory function is essential as part of routine clinical care for 

children with HCP. 

 Impairment across a greater number of somatosensory domains results in poorer 

unimanual motor performance. 

 Characterising somatosensory impairments has implications for targeted assessment 

and treatment for upper-limb function.  
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Tables and figures 

Table I: 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) affected hand 

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%) 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

Total Impairment 20 of 28 (74%) 

Note: Lower scores reflect better performance on this test. 

Table II: 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) affected hand 

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. 

Table III: 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) affected hand 

Tactile Lower - upper bound  Poorest Best Median Impaired (%) 
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Discrimination 

Test 

Left hand score score 

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. 

 

Figure I: Number of impaired somatosensory domains and performance on the Box and 

blocks test.  

 

Figure legend: Scores are labelled to indicate the children’s MACS level. The combinations 

of impairments are as follows: no domains- not applicable; one domain- Haptic object 

recognition (n=2), Limb position sense (n=1); two domains- Limb position & haptic object 
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recognition (n=2), Limb position & texture discrimination (n=1), Texture discrimination & 

haptic object recognition (n=1); three domains- Limb position, haptic object recognition and 

texture discrimination (n=10); and four domains- Limb position, haptic object recognition, 

texture discrimination, protective touch (n=6). 
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