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Abstract

Introduction: Tocharacterise somatosensory discrimination impairme riveofipper-limb
across domains of tactie discrimination, limb positon semgkhaptic object recognition
using the sense_assess© kids and examine associatibnappér-limb motor performance
in chidren with-hemiplegic cerebral palsgR).

M ethods: The'sense _assess© kids was administered at one timepoint Hilnl28,c aged 6
to 15.5 years (M= 10.1, SD= 2.4), with hemiplegic CP (right hemiplegia rsstbManual
Ability Classfification System Levels | (n=11) and Il (h=1Unimanual motor performance
was quantffied using the Box and Block Test.

Results: Tactile discrimination was impaired in 18, limb position sens20, and haptic
object recognition was impaired in 21 of 28 chidren. Owghtgipercent (23/28) of children
had impaired somatosensory discrimination in one or more domasw to moderate
correlations_were observed between each measure of somatpseissrimination and

motor performance. Manual abiity classification waeissed with imb position sense and
haptic object-recognition. A moderate inverse correlatien-(67, p<.01) exists between the
number of sematosensory domains impaired and motor performance.

Conclusion:"The frequency of somatosensory impairment in the upperdirchidren in

our sampleswas high and associated with manual abiliygesting a need for routine

assessment ofisomatosensation in this population.

Keywords: Cerebral palsy, upper extremity, proprioception, touchh tperception,

stereognosis

Word counts: abstract, 203/300; main document, 4589.
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Cerebral palsy (CP) is an umbrella term for an injurymalformation in the developing
infant brain resulting in limitations in motor functicand disturbances to sensation,
perception, cogniton, communication and behaviour (RosenbaungthP&eviton,
Goldstein, ‘& Bax, 2007). Limitations in motor function affectipgmarily one side of the
body is termed hemiplegia and is the most frequently oegudistribution of motor
impairmentgin,.chidren with CP (Stanley, Blair, & Alberma2000). Impairments in
somatosensation, have been reported for up to 97% of chidrerhemiiplegic CP (HCP)
(Van Heest;, House, & Putnam, 1993). Previous studies have tlmaindbughly two thirds of
chidren with®"HCP have reduced tactile sensation aneé thgsairments significantly impact
motor function (Auld, Boyd, Moseley, Ware, & Johnston, 2012a, 2012b; Klirngedd,
2012). A recent.editorial described CP as a sensorimotor disomddnghalighted the
importance of considering somatic sensation to enhancelévance of therapies for this
group of chidren® (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 envirenmen{Dunn et al., 2013). Tactile registration is the intialassmess of an
external stimulusy and does not involve interpretation mbigis meaning (Wilamson &
Anzalone, =2001L): Somatosensory discrimination, a more completiofurthan registration,

is essential for interaction with the environment. hagded to determine important
properties ofiebjects and tools and is part of the perceptimnaciicle that is a foundation
for learning’ and ‘cognitive development (Gibson & Pick, 2000). Thecés of somatosensory
discrimination“that directly interface with objects ahd environment include limb position
sense the knowledge of where one’s limbs are positioned in space, tactile discrimination -

the abiity to discriminate between different surface prgsesuch as texture, and haptic
object recognition - the abilty to discriminate and idgntibjects through touch, often
referred to as haptic ability or stereognosis (Dunn et al., 2013at8sensory discrimination
enables identification of different textures and objeste/@l as knowledge of where our
body is positioned in relation to its other parts without visibhese skils are crucial for

everyday functioning (Dunn et al., 2013).

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

97 percent in stereognosis alone, with imb posttion and two-pg@atimination also
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frequently impaired (Majnemer, Bourbonnais, & Frak, 2008). Somatdisenss important
for use of the upper limb in daily actions, motor functiom gains following motor and
upper-limb interventions for chidren with CP. Tactle sg¢iog and limb posttion sense have
been found to account for one-third of the variance in motdorp@mce among a cohort of
52 chidren with*CP (Auld, Boyd, et al.,, 2012a). In addition, in a singge-cstudy of 16
chidren, better tactile sensation and limb positon semse associated with greater motor
learning gains folowing intervention (Robert, Guberek, Swps & Levin, 2013). Impaired
tactle sensation and imb position sense are also prediofiunctional gain after upper-
limb surgery, with those chidren most severely affectelkely to benefit functionally from
procedures to _correct deformity (Zancolli, 2003). Emerging evidéasedemonstrated that
somatosensory discrimination is modifiable and can leadi® gabimanual hand-use
(McLean etal.,,"2017).

With the assertion that CP is a sensorimotor disordetinipsrtant to consider
somatosengory“function that interfaces with motor fonctiDan, 2020). This paradigm
cements therimportance of haptic abiity and limb positiarsesas areas for assessment and
intervention, LimMb position sense is an important aspeabrmé®sensory discrimination
which is typically measured by imposed movement around thdémal phalanx of the index
finger in thesfiexionextension plane with assessment based on the subject’s response as to

the detection, direction, or replication of movement or positiooof@r, Majnemer,
Rosenblatt, & Birnbaum, 1995; Klingels et al.,, 2010; McLaughlin et al., 2005)e these
assessments may be useful in determining deficits ingdiogition sense in chidren with
HCP, they aressomewhat subjective and responsiveness t@ deamtknown. The
sense_assess©ckids is a norm referenced, functionaunmeaissomatosensory
discrimination“proposed by Taylor et al. (2017) that examines pvete¢ouch, tactile
discrimination;~haptic object recognition and limb positionsseeifhesense_assess© kids
was selected for this current work because it is a me#lsareovers the aspects of

somatosensory function of interest.

Despite chidren”with HCP frequently having impairmemmatosensory functions are not
routinely “assessed in clinical practice and therapisis danfidence in the measures they are
using (Walmsley et al,, 2018). The interaction between soemsos/ functions and motor
performance in chidren with HCP should be examined in depibding any associations
that may make identification of children lkely to havepanment easier for clinicians

(McLean, 2018). This research aims to characterise theefieguand nature of impairments
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In somatosensory discrimination in a sample of chidreh WP using the sense_assess©
kids (Taylor etal., 2017) and to examine associations betweertosengory impairment
and motor performance quantified by a measure of gross maexarity and manual abilty

asclassified by the Manual Ability Classification SystéElasson et al., 2006).

M ethod:

Participants. Participants in this cross-sectional study attended eb@¢realsy
Mobility Semvicewat a tertiary children’s hospital [removed for peer review]. Chidren were
included in“thissStudy if they had HCP, were aged betwieand 15 years and, were at least
12 weeks post their most recent botulinum toxin injectionef@vant) and at least 12 months
post any upper-limb surgery at the time of assessmentuifReant took place from May
2013 to May 2015. Data were collected as part of a larger regist@ied t
ACTRN12614000314628. This study received ethics approval from the pdnfor peer
review] HREC (2052). Informed consent was received from saemu chidren assented to
the study andrall“eligible chidren were invited to pgdite. Chidren were assessed in their
homes by an oecupational therapist trained in the use ciethse _assess© kids and only the
most impaired hand was assessed because this was tatdrgeheof intervention in the

larger study.

Outcome measures. Somatosensory discrimination. The sense_assess© kila
standardised, _norm referenced assessment of functionatosensory capacity of the upper
imb of chidren“with CP (Taylor, McLean, et al., 2018). The seassess© kids contains a
measure oftactile registration, The Protective Touest TWeinstein, 1993); a measure of
tactle discrimination, the Tactile Discrimination st¢Carey, Oke, & Matyas, 1997); a
measure Imb position sense, the Wrist Position SensgTasty, Oke, & Matyas, 1996)
and a measure of haptic object recognition, the functioaatid Object Recognition test
(Carey, Mak-Yuen, & Matyas, 2020). Construct validity has bestablished in the
component teststof the sense_assess© in adult and paqubiguiations with and without
neurological conditons (Carey, Nankervis, LeBlanc, & Harvey, 20@6ey et al., 1996;
Carey et al., 2020; Carey et al., 1997; Taylor, 2017). Protective T@sthis a measure of
touch registration, the abilty to detect the presencetofich stimulus at the level of
protective touch using the Semmes Weinstein 4.56 monofilaifWweinstein, 1993) across

dorsal and palmer aspects of the hands (Taylor, McLean, 804B). The Protective Touch
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Test has high interobserver agreement of 99 t0100% in typidelleloping chidren (Taylor,
McLean, et al., 2018). The Tactie Discrimination Test €@aat al., 1997; Taylor, McLean,
et al., 2018) is a three-alternative forced choice resporsetiee chidren are guided to
feel several triplets of textures with their indexgdin with vision occluded, and are asked to
identify the texture that is different in each sethoé¢. The Tactle Discrimination Test is
assessed an accuracy of identifying the different texttite the score converted to an Area
Under the Curve threshold score - a higher score indidagéisr performance. The functional
Tactile Object Recognition Test (Carey et al., 2020; Taylindleg et al., 2018) measures
haptic object recognition by assisting chidren to feelliamand novel objects in a
standardised,_manner with vision occluded and asking thedertofy the matching object on
a responsespaster. Haptic object recognition is assessedunaicgcand a higher score
indicates better'performance. The functional Tactile QIfecognition Test is a
unidimensional scale with excellent internal consiste(Carey et al., 2020) and has
demonstrated construct validity for chidren with CP @aylGirdler, et al., 2018)The

Wrist Position Sense Test (Carey et al., 1996; Taylor et al,, 20a0)éasure of wrist
position sensesand chidren are asked to indicate on a protrdeoe their wrist has been
positioned ‘out of vision. The Wrist Position Sense test ase=ror score based on how far
away from“the"test position a response poitgrositioned on a protractor scale, and lower
scores indicate~better performance. The Wrist PositioneSkest has high retest reliability
(Taylor, McLean, et al., 2019), good discriminative validity, tdesmonstrated construct

validity and.responsiveness for chidren with CP (Tayloal.et2020).

Grossmanual dexterity. The Box and Block Test (Araneda et al.,, 2019; Mathiowetz,
Federman, & Wiemer, 1985) is a brief standardised measure ofrgaossl dexterity.
Participants. are required to move blocks one at a time ovetitempaas quickly as they can.
The number.of blocks moved in one minute is recorded for eaxh hower scores indicate
less manual_dexterity. The Box and Block Test has beehpuseiously with chidren with
CP and has _high tesetest reliability for typically developing chidren and &l = .84;r =
.96), and high' concurrent validity and high interraterabéity (r = .99) in adults (Jongbloed-

Pereboom, Nihuis-van der Sanden, & Steenbergen, 2013).

Procedure. Famiies with a chid meeting the inclusion critevigere referred by their

consultant paediatricians and invited to participate by timeapyri investigator [removed for
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peer review]. An occupational therapist [removed for peeswgwisited the familie’s home
to complete the assessment. The sense_assess© Kkids takesnapgdy 40 minutes to
administer and the Box and Block Test takes approximatedy nfinutes. The Manual Ability
Classification System (MACS) level (Eliasson et al., 20083 identified by a 5-minute

parent interview:

Statistical' Analysis. Somatosensory discrimination improves with age in typicall
developing ,chidren (Taylor et al., 2016), therefore we conductedadysianof variance to
examine differences between age groups in our sample.rimpéi was defined as being
outside thef95% confidence intervals of normative data whigh olstained from 56 typically
developing chidren aged 6 to 8yrs, 9 tollyrs and 12 to 15yrs (Taylor et al., T2Qbr; et
al., 2015; Taylor ‘et al., 2020). Frequencies of combinations of impasmeere recorded.
Pearson correlation coefficients were used to examinecialisns between the Tactile
Discrimination Jest and the Wrist Position Sense ikt motor performance on the Box
and Block Test'because these data were normally distriagetetermined by the Shapiro-
Wike test (W=:97, p=.64; W= .94, p= .09; W= .95, p= .29 respectively). Spearman Rank
Correlation/ was used to examine associations betweeonti®mal Tactie Object
Recognition Test and motor performance on the Box and BloskbBeause the data was not
normally distributed for the former (W= .87, p <.01). Speain&ank Correlation was used
to examinesassociations between the number of impaired sensdos discrimination
domains and performance on the Box and Block Test. Mann WHiineas used to analyse
the effect of manual abilty classification level anarent botulinum toxin therapy receipt or

non-receipt .omssomatosensory discrimination.

Results

Thirty-three” chidren met the inclusion criteria. Trehidren declined, and 30 chidren
enrolled in the study, two of whom were physically unableomplete the assessment.
Twenty-eight children, 16 boys and 12 girls aged 6 to 15.5 years widam age of 10.1
years (SD=_2.4) and a MACS level of | (n=11) or Il (n=17) partiepan the study. Fiteen
chidren had received botulinum toxin therapy in the past aadchid had upper-limb
surgery more than 12 months prior to participation in thdystall 28 chidren completed
the Protective Touch Test, functional Tactile Objeatdgeition Test and the Wrist Position

Sense Test, 27 completed the Tactile Discrimination Te®-chid was unable to complete
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the measure; and 26 completed the Box and Blocks Test, twaetessked to complete the

measure in error.

Somatosensory discrimination. Twenty-three (82%) of the 28 children presented
with impairment in somatosensory discrimination. Age m@tsassociated with impairment
in any of the somatosensory domains measured by the sesess@skids: Wrist Position
Sense Test (F(1,26)= 0.77, p= 0.39); functional Tactie Object Recagiiest (F(1,26)
0.31, p=0.58);.Tactile Discrimination Test (F(1,25) 0.10, p= 0.76); ProteabuehTTest
(F(1,26)= 1.0Z, p= 0.31). Twenty of the 28 chidren (74%) demonstrated impaiistd wr
position sense (see Table I). Twenty-one (75%) chidren dénaueas impaired haptic object
recognition on‘the functional Tactle Object Recognitibest (see Table II). Eighteen (67%)
chidren demonstrated impaired tactie discrimination enThctie Discrimination Test (see
Table Ill). Six.of.the 28 chidren (21%) showed impairmenteigistering protective touch
using the Rrotective Touch Test. In all age groups thvere chidren with HCP who
demonstrated“performance within the range of typically ldewve chidren (please see
tables 1, Il and=lil).

[Insert tables |, || and |11 here please]

Combinations of Somatosensory Discrimination Impairment. More than half of
the chidren (16/28) had impairment in three or more somatoserdomains (see figure 1).
Impairment In protective touch only occurred in associatiith mpairment across all the

discriminative somatosensory measures.
[Insert figure | here please]

Somatosensory Discrimination and M otor 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 Blocwitfest discernible
decline in median scores as the number of impaired somaiosatsmains increases (see
Figure 1). Lewsteo moderate correlations were present betwedor performance as
measured byithe Box and Block Test and the discriminativepenents of somatosensation
in the sensemassess© kids. The Wrist Position Sensarie#tie Tactile Discrimination Test
demonstratedalow negative and low positive correlation with motor perfolcearirs (245 -
0.48, p=.01) and (rs (23)=0.43, p=.03) respectively. The functional TactiectObj
Recognition Test showed a moderate correlation with motdorp®mnce on the Box and
Block Test (5= 0.66, p=<.01).

This article is protected by copyright. All rights reserved



Somatosensory Discrimination and M anual Ability. There was also a significant
association between Manual Ability Classification Le(dlIACS) and motor performance
with chidren in MACS level | obtaining higher scores (MdB6) than those in MACS level
I (Mdn= 15) (U= 5.5, p< .01). Manual abiity classification wa® associated with imb
position senseswith chidren in MACS level |, achieving lowaeerage error scores
(Mdn=13.2) than,.MACS level Il (Mdn= 20.7), (Z= 2.6, p=.01). Haptic object recogniti
was similarly associated with chidren in MACS levedémonstrating greater accuracy
(Mdn= 39)than MACS level Il (Mdn= 29),=2-2.4, p=.02). MACS level did not show a
significant assaociation with tactile discrimination oofective touch scores. There was no
significant ‘assoclation with having received botulinum tdginmuscle spasticity in the past
on either sematosensory discrimination (Protective TowstU= 87, p= .65; Wrist Position
Sense Test)= 71, p= .23; functional Tactile Object Recognition Test U= 96, p=T.aéile
Discrimination Test U= 88, p= .90) or motor performance (U=54, p=.15).

Discussion

The frequeneyof impairment in somatosensation we obséneaa sample of chidren with
HCP using.the sense_assess© kids is slightly highecoogparable with previous findings
(Auld, Boyd,«etal., 2012b). We measured tactie registratiohedevel of protective touch
only and found that 15% of our sample had impairment, whicheisame as reported for
protective touch in a study of 52 chidren with HCP (Auld, Boydil.e2012b). In both
studies chidren with impaired protective touch were founttalve impairments across all
measured somatosensory domains and we would suggest fidzea dbe prioritised for
intervention...Qur. finding that 67% of chidren in our studyg haduced tactile discrimination
ability is consistent with previous reports indicatings ifrequently impaired (Auld, Boyd, et
al., 2012b; Wingert, Burton, Sinclair, Brunstrom, & Damiano, 2008).gUsimovel measure
of haptic object recognition, we observed impairment in 75% osauomple. This result is
similar to a'study in which seven of nine chidren WitEP were observed to have
impairment~(Cooper et al., 1995). Our result is higher tharrdépairted by two studies with
larger sample sizes 63% (N=52) (Auld, Boyd, et al., 2012b) and 51% (N=3&)ti€Y,e
Jariwala, & Stretch, 1994) however in light of a recommendafoora more challenging
measure of haptic object recognition (Auld, Ware, Boyd, Mosé&ejohnston, 2012) their

results may be underestimates.
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Wrist position sense was measured using a quantitativeoagipand we observed reduced
performance in 74% of our sample. We had substantially mddeechiwith reduced
performance than other studies. Assessments of imb poséinse in those other studies
used a less precise method of measuring limb position suchjestse reporting or/
subjectively »determined direction of movement or position medc (Cooper et al., 1995;
Van Heest/et al.;,1993). The higher rate observed in our worklikeds refiects the greater
sensttivity of an'interval rather than an ordinal oegatical measurement scale (Taylor et
al., 2017; Taylor et al., 2020) and is consistent with differe ncewebatclinically oriented
tests and the Wrist Position Sense Test in adults siittke (Carey, Matyas, & Oke, 2002).

There remains™a need to determine what level of somatwgengpairment is functionally
important. Typically developing chidren perform wel on somatssg/ tasks providing a
narrow range.of.typical performance as a benchmark for impairnHowever, of those
children with HCP who qualified as having impairment, sordesdiby only a small margin
and it is not’known if somatosensory intervention is allihjc indicated for mid impairment,
or if conversely=those chidren would make the greatestidmal gain in such an
mtervention/ Takimng the broader context of the child’s performance in several somatosensory
assessments may be worthwhile, as we found that motoofundécreased with increasing

numbers ofimpaired somatosensory domains.

Twenty-three=(82%) of the 28 chidren in our sample had paiiment in one or more
domains of somatosensory function. Not all chidren had impairnm all assessed
somatosensory=domains, however we did find that more than itd® {1%) of our sample
had impairment ‘in two or more domains. While this frequentimpaired somatosensory
discrimination™function is important, we also observed #fagher number of impaired

somatosensory domains was associated with poorer unimanual pedtmmance.

The low te'moderate correlations observed between somatosetisongnination and gross
manual dextertty, in our sample of 28 chidren with hergigleCP, further support the role of
somatosensory impairment in poor motor performance and begs fsitidy with chidren

from a broader range of manual abiities. This is furthgmperted by the findings of a study
of 25 chidren“with HCP that found moderate to strong coone&tbetween measures of
tactile sensibility and an objectcgiup test (Krumlinde-Sundholm & Eliasson, 2002), a study
of 15 chidren with HCP that found a relationship betweenleaséinsibility and fine control

of fingertip force regulation (Gordon & Duff, 1999), and a studg2tchidren with HCP
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that reported correlations between spatial tactie defamitd both unimanual and bimanual
performance (Auld, Boyd, et al., 2012a). A preliminary investigatigrthis research team
found that improvements in limb position sense co-occurrdd improvements in bimanua
hand-use, with gains in both maintained at 6-months ptestention (McLean et al., 2017).
Colectively ithese studies highlight important associatbesveen somatosensory functions
and uppetiimb motor performance with emerging evidence suggesting esem#ation is
modifiable ‘and may improve bimanual hand function. Thegkn@is emphasise the need to
address samatosensory discrimination impairments wheringatimerapy/strategies to

improve upper-imb motor function.

The number of somatosensory domains that were impairegnoéd the qualty of motor
performance, /such that the higher the number of impaibechtssensory domains the worse
the performance.on the Box and Block Test. Clinically nies/ be useful for prioritising
treatment for chidren with HCP, particularly with lidure suggesting outcomes and
mainte nance™of'gain for motor learning interventions wpmer-limb surgery are associated
with somatesensory function (Robert et al., 2013; Zancolli, 2003).tiesns of the
eficacy of/interventions for somatosensory impairmerd subsequent motor learning are
required to confirm this.

We did not find™“a significant association with past botulnuneipt@nd somatosensory
discrimination=impairment. Clinics providing specialist upjiab assessment for spasticity
management may not have an advantage in identifying eshildt risk of somatosensory
impairment="However, while this current study found that@&Aevel was associated with
somatosensory discrimination impairment, previous work exagihaptic exploratory
procedures i chidren with HCP found no association betweegwiah abiity and accuracy
in somatosensory tasks (Taylor, Girdler, etal., 2019). Taken in cimbinthese findings
support the, need; for routine assessment of somatosensatignufar chidren with HCP in

primary and.tertiary service settings.

Currently there'is only emerging evidence for interemndt targeting somatosensory ability
for chidrepswith HCP (Kuo et al., 2016; McLean et al., 2017; Smorenluwgdebt,
Deconinck, & Savelsbergh, 2013). There is a growing body of lireratecommending
interventions to address somatosensory impairment be invedtigathis group of chidren
(Auld, Russo, Moseley, & Johnston, 2014; Dan, 2020; Klingels et al., 2018eiM=] et al.,
2008; Van de Winckel et al., 2013). Early investigations suggastséimatosensory
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discrimination functions are modifiable and result ipriovements in bimanual hand-use
(McLean et al., 2017). However, this has only been observed iallasample and more
research is needed to investigate treatment options @ndipact on somatosensation,
motor function, hand use, and occupation. To this end inagistng into the impact of
somatosensoery=discrimination impairment on occupational pefae are also warranted.
The universal use of a standardised somatosensory assebsattery suficiently sensitive to
evaluate change would greatly faciitate comparisoneatrnent approaches, and for this

reason wecontinue to provide evidence for the sense_assiklss© k

Limitations. We only assessed somatosensory function of the more imgdiantedof
the chidren ‘in“our sample. Previous work has found thatl@leiof chidren with HCP also
have some form jof impairment in tactie function of dinenpaired limb (Auld, Boyd, et al.,
2012b). This,suggesthat the ‘unimpaired’ limb should be assessed with a view to
intervention.rather than providing a control comparison. $tugly presents baseline
assessmentrdata of a study that investigated an irtiervethat utlises the less impaired
hand as a “reference” hand to calibrate somatosensory iputs and the impaired hand was
prioritised foriassessment since it was to be the focugeofention. The sense_assess© kids
has been modified for use with chidren aged 6-15 years howeidren with CP are
increasingly=diagnosed before 2 years of age making clinicateaass of the high incidence
of somatosensory impairment, the development of assessmestsurfigr chidren and

integrated intervention approaches a priority for future viroitkis area.

Conclusions

Impaired somatosensory discrimination function is commochildren with HCP, with 82%
of our sample having impairment. A moderate association wad foetween the number of
impaired somatosensory domains and unimanual motor performameell as low to
moderate correlations between each somatosensory discomirdgdimain and motor
performance. The knowledge that chidren with HCP commonly Inapairments ri
somatosensory discrimination function is well estalgishdowever, the expression of these
deficits and theirr “influence on function is less uribe. Knowing which aspects of
somatosensory discrimination function have the greatest impact on a child’s independent
functioning and hand use is important in developing targetediéntions. Given the impact

of somatosensation on manual abilty, it is essentidlthiemapists routinely assess for
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somatosensory impairment across multiple domains of somadogesiscrimination
function. Interventions to improve somatosensory discriminafunction are
underrepresented in the literature and future resesusieded.

Key Points for‘Occupational Therapy

e Assessment of somatosensory function is essential tisfpautine clinical care for
children with HCP.

e Impairmént across a greater number of somatosensory donsutis i@ poorer
unimanual motor performance.

e Characterising somatosensory impairments has implicatmmtargeted assessment

and treatment for upper-imb function.
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Tables and'figures

Table I: Performance of chidren with cerebral palsytiem\Wrist Position Sense Test by age
group, andwithwreference to performance in typically devedphildren.

Typically Cerebral Palsy (N = 28) affected hand
Developing
(95% Confidence
Interval of mean
score)
Wrist Lower- upper bound | Poorest | Best Median Impaired (%)
Position Left hand score score
Sense Test
(average
error score,
in degrees)
6 to 8 yrs. 1218 37.0 8.9 15.5 4 of 9 (44%)
n=9
9to1lyrs. |9.2-13.2 41.0 10.2 21.0 11 of 12 (92%)
n=12
12to 15yrs. [ 9-12.2 31.2 7.1 19.4 5 of 7 (71%)
n="7
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Total Impairment 20 of 28 (74%)

Note: Lower scores reflect better performance on this test

Table II: Performance of chidren with cerebral palsy onftinectional Tactile Object

Recognition Test by age group, and with reference to performartgpically developing

children.
Typically Developing | Cerebral Palsy (N = 28) affected hand
(95% Confidence
Interval of mean
score)
functional Lower - upper bound| Poorest | Best Median | N impaired
Tactile Object f Left hand score score (%)
Recognition
Test
(summed
accuracy score)
6 to 8 yrs. 39-40 3 41 34 7 of 9 (78%)
n=9
9to 11 yrs. 39-41 7 39 30.5 10 of 12
n= 12 (83%)
12 to 15 yrs. 40 - 41 10 41 38 4 of 7 (57%)
n="7
Total Impairment 21 of 28
(75%)

Note: Higher scores reflect better performance. Maximuuracy score is 42.

Table 11" Performance of chidren with cerebral palsy onThaetile Discrimination Test by

age group, and with reference to performance in typicallelolewg chidren.

Typically Developing | Cerebral Palsy (N= 27) affected hand
(95% Confidence
Interval of mean

score)

Tactie Lower - upper bound | Poorest | Best Median | Impaired (%)

This article is protected by copyright. All rights reserved



Discrimination | Left hand score score

Test

6 to 8 yrs. 27.3-44.9 2.2 50.3 30.7 4 of 9 (44%)

n=9

9 to 11 yrs. 52.1-67.9 -36.6 73.6 18.8 9 of 12 (75%)

n=12

12 to 15 yrs. 64.9-84.1 -15.9 68.4 14.7 5 of 6 (83%)

n=6

Total Impairme nt 18 of 27
(67%)

Note: Higher scares reflect better performance.

Figure |: Number of impaired somatosensory domains and performance Boxtend
blocks test.

50

45 A

40

35

30

25 A BnB score MACS level |

20 4 BnB score MACS level Il

Box and blocks test score

15

Median box and blocks
10 score

0 1 2 3 4

Number of impaired somatosensory domains

Figure legend: Scores are labelled to indicate the children’s MACS level. The combmations
of impairments are as folows: no domains- not applicable; onaidoidaptic object
recognition (=2), Limb position sensen€l); two domains- Limb positon & haptic object
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recognition (=2), Limb position & texture discriminationn€l), Texture discriminatior&
haptic object recognitionn€l); three domains- Limb posttion, haptic object recognition and
texture discrimination n=10); and four domains- Limb position, haptic object recognition,

texture discrimination, protective touch=g).
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