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The effect of somatosensory perception
and proprioception on upper extremity
functional skills in children with hemiparetic
and diparetic cerebral palsy

Hemiparetik ve diparetik serebral palsili cocuklarda
somatosensoriyel algi ve propriyosepsiyonun (st
ekstremite fonksiyonel becerilerine etkisi

Abstract

Aim: The aim of the current research is to determine the impacts of somatosensory perception and propriocep-
tion on upper extremity functional skills in children with hemiparetic and diparetic cerebral palsy (CP).

Methods: Children with hemiparetic (n=15) and diparetic (n=15) CP at Gross Motor Function Classification Sys-
tem (GMFCS) I-1ll and Manual Ability Classification System (MACS) I-Ill levels and healthy children (n=15) with a
mean age of 10.71+ 4.09 were enrolled in the research. Somatosensory perception was evaluated with the Ayres’
Southern California Sensory Integration and Praxis Test (SIPT) sub-parameters, kinesthesia (KIN), touch stimulus
localization (TSL), double-touch stimulus localization (DTL), finger recognition (FR), and right-left discrimina-
tion (RLD) tests. Proprioception measurements were performed with a goniometer on the shoulder, elbow, and
hand-wrist. Upper extremity functional skills were evaluated by the Jebsen-Taylor Hand Function Test (JTHFT).
Results: Somatosensory perception and proprioception of the control group were determined to be significantly
better than those of both groups with CP (p<0.05). The somatosensory perception, proprioception, and JTHFT
test results of children with CP were significantly better in the hemiparetics in comparison with the diparetics
(p<0.05).

Conclusion: The study showed that children with CP had lower somatosensory perception levels in their upper
extremities and had proprioceptive losses in their upper extremities in comparison with their healthy peers. It
was shown that diparetic children had lower scores than hemiparetic children in somatosensory perception and
proprioception tests compared to their healthy peers.

It was determined that children with CP had lower hand skills compared to their healthy peers and hemiparetic
children were better than diparetic group in hand skills. It was revealed that children with CP had lower manual
dexterity than their healthy peers, and hemiparetic children had better skills than the diparetic group.
Keywords: Cerebral palsy; hand; perception; proprioception

Oz

Amag: Bu calismanin amaci hemiparetik ve diparetik Serebral Palsi (SP)’li cocuklarda somatoduyusal algi ve prop-
riosepsiyonun Ust ekstremite fonksiyonel becerilerine etkilerini belirlemektir.

Yontemler: Calismaya yas ortalamalari 10,71+ 4,09 olan, Kaba Motor Fonksiyon Siniflama Sistemi (GMFCS) 1-2
ve 3 ile El Beceri Siniflama Sistemi (MACS) 1-2-3 duizeyindeki 15 hemiparetik SP’li cocuk, 15 diparetik SP’li cocuk
ve 15 saglikli cocuk (24 erkek/21 kiz) dahil edildi. Somatoduyusal algi Ayres Guney Kaliforniya Duyu Buttinleme
ve Praxis Testi (SIPT)'nin alt parametreleri olan kinestezi, dokunma uyarisinin lokalizasyonu, ¢ift dokunma uyarisi
lokalizasyonu, parmak tanima ve sag-sol ayirimi testleriyle degerlendirildi. Propriosepsiyon degerlendirmesi icin
omuz, dirsek, el-el bilegine gonyometrik 6lctimi yapildi. Ust ekstremite fonksiyonel becelerileri Jebsen Taylor El
Fonksiyon Testi (JTEFT) degerlendirildi.

Bulgular: SP’li cocuklar ile kontrol grubu arasinda somatoduyusal algl ile propriosepsiyonun farkli oldugu ve bu
parametrelerin de el becerileriyle anlamli olarak iliskili oldugu bulundu (p<0.05). Kontrol grubunun somatodu-
yusal algi ve propriosepsiyonlarinin SP’li gruplara gére anlamli dizeyde daha iyi oldugu bulundu (p<0.05). SP’li
cocuklarin somatoduyusal algi, propriosepsiyon ve JTEFT testlerinde; hemiparetik grubun diparetik gruba gore
anlamli diizeyde daha iyi oldugu bulundu (p<0.05).

Sonug: SP’li cocuklarin saglikh yasitlarina gore Ust ekstremitelerinde daha distk somatosensoriyel algi diizey-
lerine sahip oldugu ve Ust ekstremitelerinde propriyoseptif kayiplarin oldugu belirlendi. Saglikli akranlarina gore
somatosensoriyel algi ve propriyosepsiyon testlerinde diparetik cocuklarin hemiparetiklerden daha dusuk skorla-
rinin oldugu gosterildi. SP’li cocuklarin saglikli akranlarina gore daha dustk el becerilerine sahip olduklari, hemipa-
retik cocuklarin ise diparetik gruba gore daha iyi dlizeyde oldugu belirlendi.

Anahtar Sozciikler: Algl; Ust ekstremite; propriyosepsiyon; serebral palsi
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INTRODUCTION

Cerebral palsy (CP) represents a non-progressive
neurodevelopmental disorder characterized by pos-
ture and movement disorders due to perinatal brain
injury (1). Hence, sensory-motor impairment, which
takes place under the influence of systems including
proprioception, tactile, and vestibular systems, is the
primary problem in CP (2, 3).

The somatosensory system is active from the early
stages of life and plays an important role in sensory-mo-
tor development. The tactile sense develops the earliest
among all senses (4). The somatosensory system is very
important in gross and fine motor development. Infants
use tactile cues to reach an object throughout their lives,
even at the early stages of life. Correct tactile and proprio-
ceptive sensory input is crucial for motor development
during childhood and is especially significant for fine
motor development during the preschool period (5).

Research has indicated that children with CP have
impaired tactile discrimination skills (5). This impair-
ment is closely related to motor losses. It has been ob-
served that motor skills are also impacted in individuals
with impaired somatosensory perception processing
and cause significant functional impairments (6). Stud-
ies have indicated that children with CP also experience
loss of stereognosis, two-point discrimination, and tac-
tile senses (6). As a result of sensory losses, motor learn-
ing required for fine hand skills is also delayed and may
result in clumsiness, decreased sensitivity, or inability to
use extremities in individuals (6). It is known that poor
tactile perception will cause functional impairment in
children with hemiparetic CP (7). While no difference
has been observed in the senses of pain, light touch, and
vibration between the affected side and the less affected
side in these children, a difference has been detected in
tactile, proprioception, and two-point discrimination
senses (8). Children with diparetic CP are stated to have
poor tactile discrimination skills (9).

Proprioception is the somatosensory system that
uses afferent stimuli from muscles, joints, and skin
(10). Proprioception is a sense that ensures the sense
of joint position, kinesthesia, the perception of the re-
sistance and pressure created by the movement in the
joint, and the perception of the body position in space
(10). It provides postural control by working with the
somatosensory, visual, and vestibular systems. Owing

to the somatosensory receptors in the body, appropri-
ate adaptive sensory and motor responses are created by
the integration of the senses from the body (11). Loss
of proprioception in CP arises from the lesion in the
Central Nerve System (CNS) and proprioceptive inputs
to the sensory afferent muscle spindle, Golgi tendon
organ, joint, and cortex is affected. The most common
sensory deficits in CP are stereognosis and propriocep-
tion, which are affected bilaterally (3). The superficial
sense is usually normal in these children, but the senses
of proprioception, stereognosis, and kinesthesia are
adversely impacted. Due to these problems, it becomes
more challenging for children with functional disabili-
ties in the upper extremity to fulfill their roles in society
(12). Difficulties in writing have been observed in chil-
dren due to loss of proprioception, which has also been
associated with poor coordination skills. This leads to
difficulties and delays in motor learning while children
acquire new skills (12). Sensory inputs take a signifi-
cant place in developing motor function and acquiring
functional independence in children with CP. Deficien-
cies in sensory input may delay learning new motor
movements, which may cause disuse of the extremities
and sensitivity (12).

Deficiencies in upper extremity functions due
to their involvement are among the most significant
factors influencing activities of daily living (ADL) in
children with CP (13). Limitations leading to the re-
striction of normal joint movements due to hypertonia
in the upper extremity, loss of grip strength due to iso-
lated finger movements that cannot be performed with
anormal pattern, cortical thumb deformity, inadequa-
cies in manipulation skills, and loss of speed and coor-
dinated movement skills are observed in children with
CP (13). The aim of the current study is to research the
impacts of somatosensory perception and propriocep-
tion on upper extremity functional skills in children
with hemiparetic and diparetic CP.

|
MATERIAL AND METHODS

Participants

Children with hemiparetic and diparetic CP who

were diagnosed by a specialist physician and pre-
sented to the research and treatment unit of SANKO
University Physiotherapy and Rehabilitation Depart-
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ment and their families were included in the study.
When the sample size was calculated with a=0.05 and
power=0.80 in the power analysis, it was decided to
include 2045 children in each group consisting of chil-
dren diagnosed with hemiparetic and diparetic CP
and healthy children. The study was completed with
45 children since there were children who could not
participate in the evaluations due to the pandemic and
various reasons (Figure 1). Children with hemiparetic
and diparetic CP aged between 6-18 who were able to
receive verbal commands, did not have any intellec-
tual disability, had Gross Motor Function Classifica-
tion System (GMFCS) Level<III, had upper extremity
muscle spasticity<2 in accordance with the Modified
Ashworth Scale (MAS), had the Manual Ability Clas-
sification System (MACS)<III, had not undergone sur-
gery or received Botulinum Toxin (Botox) treatment
in the last 6 months, and whose family consent was
obtained were enrolled in the research. All of the chil-
dren’s parents signed the informed volunteer consent
form for this study. Children with joint contractures in
the shoulder, elbow, and hand-wrist and any hearing or
vision problems were excluded from the study. pproval
for the research was received from the SANKO Uni-
versity Non-Interventional Clinical Research Ethics
Committee (date: 07.07.2020, decision no: 2020/07),
and the study was performed in accordance with the
Declaration of Helsinki. The clinical trial number is
NCT05213715.

Outcome measures
The children’s sociodemographic characteristics were
recorded. The somatosensory perception test (touch
stimulus localization test (TSL), double-touch stimu-
lus localization test (DTSL), finger recognition test
(FR), right-left discrimination test (RLD), Jebsen-Tay-
lor Hand Function Test (JTHFT), Modified Ashworth
Scale (MASH), Gross Motor Function Classification
System (GMFCS), Manual Ability Classification Sys-
tem (MACS), and goniometer and kinesthesia tests
(KIN) in proprioception evaluation were used in all
children. A table, chair, and stretcher suitable for the
child who was performed were used in all evaluations.
Somatosensory perception assessment: The sub-
tests of Ayres’ Southern California Sensory Integration
and Praxis Test (SIPT) (touch stimulus localization
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test, double-touch stimulus localization test, finger
recognition test, and right-left discrimination test)
were used (14). Before the assessment, the children
were explained how the tests would be conducted. Be-
fore the test, the children’s eyes were closed, or an eye
patch was used. All assessments were carried out bilat-
erally in the following order:

Touch stimulus localization test (TSL): During the
test, the child’s hand, wrist, and forearm, respectively,
were touched once with a pencil first, and he/she was
requested to show the touched area with his/her finger.
The distance between the place touched with the pen-
cil and the place pointed by the child was measured
with a ruler and recorded in centimeters (cm). If the
distance between the touched location and the dis-
tance touched by the child was far from the touched
location, it indicated poor tactile perception (14).

Double-touch stimulus localization test (DTSL):
Two different points, left hand-right cheek, right
hand-left hand, left cheek-right cheek, left hand-left
cheek, right hand-left cheek, and right hand-right
cheek, were touched simultaneously with two separate
pencils. The child was requested to show both points
touched. The total score was written by giving 2 points
if the child knew both points, 1 point if he/she knew
one point, and 0 points if he/she did not know any of
the points. In the scoring in which the best value was
measured out of 12, the lower this value was, it was
interpreted as the worse tactile perception to the same
extent. (14).

Finger recognition test (FR): The child was re-
quested to put his/her hands on the table, and 16 dif-
ferent points (right-left) were touched with a pencil.
The child was requested to show the touched points
with his/her finger. It was scored as 1 point in case of
a correct answer and 0 points in case of an incorrect
answer. The total score was acquired by summing the
scores of both hands. A higher score indicates good
tactile perception (14).

Right-left discrimination test (RLD): The child
was asked to repeat 10 commands, respectively: ‘Show
me with your right hand, touch your left ear, hold this
pen with your right hand, touch my right hand, etc’ If
the correct answer was given in the first three seconds,
2 points were scored; if the correct answer was given
in ten seconds 1 point scored; if no answer was given
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Table 1. Comparison of demographic information between groups

Hemiparetic (n:15)

Age (y)
Height
Weight (kg)

BMI
Sex (m/f)

Percent (%)

mean+SD

8.67 + 3.64

1.29 +0.12

28 £11.57

16.11 + 3.4
5/10

33.3/66.7

Diparetic (n:15)

mean+SD

11.87 +3.7

142 +0.16

40.53 +£17.33

19.29 +491
8/7

53.3/46.7

Control (n:15)

Test statistics
mean+SD
11.6 +4.37 KW-H=6.718
1.5+£0.21 KW-H=9.619
46.07 + 16.89 KW-H=9.958
19.64 + 3.53 F=3.528
11/4
KW-H=4.714
73.3/26.7

p

0.035**

0.008**
0.007*%*

0.038*

0.003*

*p<0,05; SD: Standart Deviation, n: Number, m: Male, f: Female, F: One way Anova, KW-H: Kruskal-Wallis test, a: Hemiparetic-control, b:

Diparetic-control, c: Hemiparetic-diparetic, kg: kilograms, y: year, BMI: Body Mass Index

Table 2. Comparison of categorical variables between groups

Hemiparetic

Diparetic

Control

(n:15) (n:15) (n:15) X P
n (%) n (%) n (%)
Dominance
Right 12 (80) 11(73.3) 11 (73.3)
0.246 0.884
Left 3(20) 4(26.7) 4(26.7)
Gross Motor Function Classification System (GMFCS)
1 15 (100) 9 (60) 15 (100)
15.150 0.001**
2 0(0) 6 (40) 0(0)
Manuel Ability Classification System (MACS)
1 12 (80) 2(13.3) 15 (100)
2 3(20) 10 (66.7) 0(0) 33.178 0.001**
3 0(0) 3(20) 0(0)
**p<0,01; n: number, %: Percent, X* Chi-square test
Table 3. Comparison of somatosensory perception tests of groups
Somatosensory Perception Heg:i:pla 51- e;tic I()Iillie;rse;ic ((:::;20)1 Test statistics P
mean+=SD mean+SD mean+SD
KIN (right) 35.24 £7.35 31.86 £ 4.51 39.93 +4.95 KW-H=10.301 0.006*
KIN (left) 34.55 +5.83 30.47 £5.92 39.35 +3.55 KW-H=15.812 0.001*"
ﬁ"cg:;:zg:’;itt‘;:f?;sti‘;’“l“s 633+2.4 7.65+2.38 5.01+2.56 F=4.383 0.019%
f:gli‘;‘:ﬂ’:fglt’ (S;is"i‘)‘lus 836 +3.28 10.14 £ 4.1 6.75+2.8 F=3.646 0.035%
E‘C’;‘ll:;zttl‘::l‘tl‘ess:‘(“ﬁ‘]‘};‘f) 1353+ 0.92 1273+ 1.53 13.8 +0.41 KW-H=6.804 0.033
Finger recognition (FR) 14.67 + 1.59 14.33 +1.84 15.67 £ 0.62 KW-H=6.962 0.031*
Right-left discrimination (RLD) 16.53 £2.47 16 £3.09 18.47 + 1.81 KW-H=7.417 0.025>

*p<0,05; SD: Standart deviation, F: One way Anova, KW-H: Kruskal-Wallis test, a: Hemiparetic-control, b: Diparetic-control, c: Hemiparet-

icdiparetic, KIN: Kinesthesia
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Table 4. Comparison of proprioception of the groups

Hemiparetic Diparetic Control
(n:15) (n:15) (n:15) P

Shoulder flexion (right) 9 +5.87 13.06 + 6.54 6.60+ 5.87 0.026**
Shoulder flexion (left) 11+ 4.35 15.06+ 7.43 7.46+ 5.79 0.009"
Shoulder abduction (right) 9.66 +5.43 19.93+ 8.47 9.93 +5.45 0.002*
Shoulder abduction (left) 12.26 +5.72 22.86+ 8.02 12+ 5.87 0.000*
Elbow flexion (right) 3.96 £ 3.50 8.30+ 5.22 4.76+ 4.38 0.018*
Elbow flexion (left) 5.10 £ 3.35 6.63+ 4.42 5.63+5.39 0.623

Elbow extension (right) 4.50 +3.72 7.96+ 5.46 3.43+ 3.43 0.018*
Elbow extension (left) 6.10 +4.17 10.70+ 7.58 4.43 +3.61 0.023*
Supination (right) 440 +£2.13 10.06+ 5.56 4.60+ 4.38 0.008*
Supination (left) 6.40+ 2.94 11.53+ 6.10 3.86+ 2.61 0.001*
Pronation (right) 4.60 +2.87 9.26+ 4.94 4+3.44 0.003*
Pronation (left) 6.86 + 4.42 10.26+ 4.75 3.66 +2.38 0.001**
Wrist flexion (right) 5.80+ 3.27 12.60+ 6.73 2.73 £3.05 0.000**
Wrist flexion (left) 6.80+ 3.07 14 + 3.44 5.46 + 3.06 0.000**
Wrist extension (right) 4+ 2.36 7.13+ 3.60 2.60 * 2.66 0.001**
Wrist extension (left) 4.06 +2.08 8.13+3.99 4.13 +£3.15 0.006***

*p<0,05, n: Number, Kruskal-Wallis test, a: Hemiparetic-control, b: Diparetic-control, ¢: Hemiparetic-diparetic

Table 5. Comparison of jebsen taylor hand function test (JTHFT) values between groups

JTHFT Hemiparetic (n:15)  Diparetic (n:15) Control (n:15) Test statistics P
meantSD mean+SD meantSD

Card flip (right) 7.35+1.96 11.21 +7.86 4.32+1.18 KW-H=25.084 0.001**
Card flip (left) 8.91 +£2.88 12.31 + 8.69 4.28 £0.71 KW-H=28.582  0.001**
Putting objects in the can (right) 10.57 £ 1.99 14.69 + 5.41 7.19+13 F=18.206 0.009*
Putting objects in the can (left) 13.21 +3.87 16.16 +7.42 7.01 +£1.47 KW-H=27.842 0.001**
Stacking checkers (right) 6.83+3.3 11.26 + 8.29 2.66 + 0.99 KW-H=27.204 0.001**
Stacking checkers (left) 8.71 £5.78 12.19 +7.95 2.95+0.88 KW-H=27.331 0.001**
Move empty cans (right) 7.05 +2.49 9.27 +4.15 3.43+0.73 KW-H=27.204 0.001**
Move empty cans (left) 8.29 £3.08 10.81 + 4.69 375+ 1.15 KW-H=27.331 0.001**
Move full cans (right) 8.72 £2.89 10.94 + 4.94 4.18 £1.17 F=15.682 0.001**
Moving full cans (left) 9.27 £4.15 12.32£4.92 4.19+1.18 F=17.742 0.001*%
f,i;lﬁt")g beans with a spoon 23344656 34.08 + 15.67 1499+11.69  KW-H=18218 0.005%
Picking beans with a spoon (left) 31.09 + 8.07 39.06 + 18.39 15.31 £ 8.03 KW-H=19.117  0.001**

*0,05; SD: Standart deviation, n: Number, %: Percent, F: One-way Anova, KW-H: Kruskal-Wallis test, a: Hemiparetic-control, b: Diparetic-
control, c: Hemiparetic-diparetic, JTHFT: Jebsen Taylor Hand Function Test
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Assessed Tor
chigibility (n=65)

Cxcluded (n=20)
Mot meeting inclusion criteria (n=15)
Declined to participate (n=3)

Didn't join all assessments (n=2)

Allocated (n—=43)

Analysis

Hemiparetic CP
(n=15)

Diparetic CP
{n=15)

Peer-aged controls
(n=15)

Figure 1. Flow chart showing the experimental design of the study (n: Number)

0 points scored. The total score was recorded by sum-
ming all of the questions scored (14).

Jebsen-Taylor Hand Function Test (JTHFT): The
JTHFT, which is utilized in the 6-18 age range, com-
prises 6 subtests that represent hand function in daily
life. The application time is 15-45 minutes (min). A
scaled board is utilized to ensure a standard arrange-
ment of objects in the test. The time during which all
activities are performed is recorded with a stopwatch
(15). Activities in the test’s sub-parameter are turn-
ing over 5 cards, putting 6 objects in a can, stacking
4 checkers, picking up an empty can, picking up a full
can, collecting 5 kidney beans with a dessert spoon,
and writing. All parameters except writing were mea-
sured in this study. Before the assessment, the child
was told how to perform the steps in the test. The child
started the test with the start command. When he/she
finished the activity, the stopwatch was stopped, and
the activity completion time was recorded in seconds.

Modified Ashworth Scale (MAS): It is the most fre-
quently used clinical scale for assessing spasticity. It is
used to assess muscle tone during passive movement
of the muscle in the affected extremity. Muscle tone
is scored from 0 to 4 (16). This scale, whose applica-

bility in Turkish has been tested in children with CP,
has been determined to be the most effective and reli-
able method for evaluating spasticity. All of the upper
extremity muscles’ tone was measured in the supine
position.

Gross Motor Function Classification System (GM-
ECS): It represents a standard classification system for
categorizing the gross motor skills of children with CP
between levels I and V (17).

Manual Ability Classification System (MACS): It
represents a classification system formed in order to
classify the hand skills of children with CP aged be-
tween 4-18, e.g., grasping and releasing objects in daily
life, and how they utilize their hands while holding ob-
jects. The MACS is defined at five levels (I-V). Level I
shows that the child can grasp and use objects easily
and successfully, while Level V demonstrates that the
child cannot use objects independently and there is a
severe decrease in function performance (18).

Proprioception: The goniometric measurement
was used for upper extremity shoulder flexion-ab-
duction, elbow flexion-extension, forearm supina-
tion-pronation, and hand-wrist flexion. The child
was requested to close his/her eyes or turn the head
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opposite to the assessed side and perform the move-
ments slowly during the test. First, the physiotherapist
showed the movement passively in the full range with
the eyes open so that the child could fully perceive the
movement. Then, after stopping for 3 seconds at the
last point reached, the child returned to the starting
position. The child was requested to repeat the same
movement. The point at which the child came was
measured angularly. Afterward, he/she was asked to
do the movement in half range. The physiotherapist
showed the same movement of the child in half range.
After stopping for 3 seconds at the point reached, the
child returned to the starting position. The child was
requested to perform the same movement. The angular
value of the last point reached was measured. Finally,
the difference between the value for the full range and
the value for the half range was recorded. Angular val-
ues determined for the measurement were evaluated
with Kendall McCreary degrees (19).

Kinesthesia test (KIN): This test is one of Ayres’
somatosensory perception tests evaluating motion
perception. 10 lines are intersecting each other on
a 28X43 cm test form, for the right and left hand, in
separate directions and of different lengths. The child’s
eyes were closed, and starting from the right hand, he/
she was asked to move his/her index finger of the right
hand from the starting point to the end point of ev-
ery line. Afterward, the child’s index finger was placed
again at the starting point, and he/she was asked to
repeat the movement. The difference in distance be-
tween the point where the child ended the movement
and the endpoint of the real line was measured using a
ruler and recorded. The total value for the right and left
acquired was subtracted from 50 and recorded (20).

Statistical analysis

Statistical Package for the Social Sciences package pro-
gram version 24.0 (SPSS Inc., Chicago, IL, USA was
used in statistical analysis. As descriptive statistics,
mean+tstandard deviation values were given for nu-
merical variables, while number and percentage val-
ues were given for categorical variables. The confor-
mity of the data to the normal distribution was tested
by the Shaphiro-Wilk test, and the Kruskal-Wallis and
Dunn’s multiple comparison tests were carried out in
comparing the non-normally distributed variables in
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three independent groups, and the one-way ANOVA
and LSD multiple comparison tests were employed
for the normally distributed variables in three inde-
pendent groups. The chi-square test was conducted
to test the correlation between categorical variables.
The correlation between two continuous variables was
assessed by Pearson’s correlation coefficients. P-value
<0.05 was accepted as statistically significant in all
measurements.

|
RESULTS
The mean age of all children in the study (n=45)

(hemiparetic (n=15), diparetic (n=15), and healthy
control (n=15)) was 10.71+4.09. Of the children, 24
(53.3%) were male, and 21 (46.7%) were female. Upon
comparing the demographic data of the children in the
research, a significant difference was detected between
the three groups concerning age, height, weight, and
body mass index (BMI) (p<0.05). In the pairwise com-
parison of the groups, age, height, weight, and BMI
values were revealed to be significantly higher in favor
of the control group between the hemiparetic and con-
trol groups (p=0.032, p=0.002, p=0.002, p=0.020, re-
spectively). Age, height, weight, and BMI values were
determined to be significantly higher in favor of the
diparetic group between the hemiparetic and diparetic
groups (p=0.02, p=0.046, p=0.035, p=0.036, respec-
tively). The diparetic and control groups were simi-
lar in terms of age, height, weight, and BMI (p<0.05)
(Table 1).

The three groups were similar in terms of domi-
nant extremity. However, a significant difference was
identified between the groups with regard to GMFCS
and MACS levels (p=0.001). The GMFCS and MACS
levels of the diparetic group were revealed to be sig-
nificantly lower than those of the hemiparetic and con-
trol groups (GMFCS p=0.001, p=0.001, respectively)
(MACS p=0.001, p=0.001, respectively) (Table 2).

Upon comparing the somatosensory perception
tests of the hemiparetic, diparetic, and control groups,
a significant difference was determined between the
groups in all sub-parameters (p<0.05). When the
groups were compared in pairs, a significant differ-
ence was detected between the hemiparetic and con-
trol groups in favor of the control group in terms of
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left-hand KIN, FR, and RLD values (p=0.023, p=0.049,
p=0.028, respectively). Upon comparing the diparetic
and control groups, a significant difference was ob-
served in favor of the control group in all sub-param-
eters of the somatosensory perception test (p<0.05).
However, no significant difference was revealed in any
of the sub-parameters when the hemiparetic and dipa-
retic groups were compared (p>0.05) (Table 3).

Upon comparing the proprioception of all groups,
a significant difference was determined between the
groups in all parameters except left elbow flexion
(p<0.05). In the pairwise comparison of the groups,
no significant difference was revealed in any param-
eter between the hemiparetic and control groups
(p>0.05). When the diparetic and control groups were
compared, a significant difference was identified in
favor of the control group in all parameters except
right-left elbow flexion (p<0.05). In the comparison
of the hemiparetic and diparetic groups, a significant
difference was observed in favor of the hemiparetic
group in right-left shoulder abduction, right elbow
flexion, right forearm supination, right forearm pro-
nation, right-left wrist flexion, and left wrist exten-
sion (p=0.005, p=0.002, p=0.026, p=0.049, p=0.025,
p=0.039, p=0.000, p=0.027, respectively) (Table 4).

When the JTHFT completion times were com-
pared, a significant difference was determined between
the three groups (p<0.01). The JTHFT test completion
time of the control group for all sub-parameters was
significantly lower compared to those of the hemipa-
retic and diparetic groups (p<0.01). In the pairwise
comparison of the hemiparetic and diparetic groups, a
difference was determined in favor of the hemiparetic
group only in the parameters of putting 6 objects in
the can with the right hand and displacing 5 full cans
with the left hand, among the JTHFT sub-parameters
(p=0.002, p=0.032) (Table 5).

I
DISCUSSION AND CONCLUSION

This study examined the impacts of somatosensory

perception and proprioception on upper extremity
functional skills in children with hemiparetic and di-
paretic CP and compared them to their healthy peers.
It was determined that children with CP had lower
somatosensory perception levels in their upper ex-

tremities and experienced proprioception losses in
all joints of the upper extremities compared to their
healthy peers. In terms of hand skills, it was revealed
that children with CP were adversely affected in com-
parison with their healthy peers, and the hand skills
of hemiparetic children were at a better level in some
sub-parameters of the JTHFT in comparison with the
diparetic group. Concerning somatosensory percep-
tion parameters, hemiparetic children were more im-
pacted than their healthy peers in terms of only KIN,
FR, and RLD. However, diparetic children were found
to be more affected in all somatosensory perception
levels than their healthy peers, whereas no difference
was detected between the upper extremity somato-
sensory perception levels of hemiparetic and diparetic
children. In terms of upper extremity proprioception,
it was seen that children with CP were adversely af-
fected in comparison with healthy children, but pro-
prioception effects in all upper extremity joints of di-
paretic children were higher than those of hemiparetic
children.

As a result of damage to the central nervous sys-
tem, about 90% of children with CP have tactile and
proprioceptive dysfunctions (21, 22). Upon review-
ing studies on somatosensory perception, they are
observed to focus on children with autism spectrum
disorder, and studies on children with CP have not
examined the impacts in terms of different clinical
types (23, 24). Among the studies in the literature, the
research by Megan et al. indicated that most children
with hemiparetic CP had poor tactile perception, and
as a result, functional disorders were observed (7). A
study carried out by Sagner et al. on children with CP
revealed that children with CP had poor tactile per-
ception in comparison with the healthy group (9).
Cooper et al. found that sensory loss in hemiparetic
children was higher than in healthy children, which af-
fected both body halves in hemiparetic children (22).
Our study determined that the tactile perception levels
of healthy children were better than children with CP
in terms of upper extremity somatosensory perception
sub-parameters. The results of healthy children in the
KIN (left) FR, and RLD tests were better in compari-
son with hemiparetic children. The difference in kin-
esthesia on the left was associated with the lower num-
ber of children’s left-dominant extremity preference.
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These results suggested that hemiparetic children who
could not recognize fingers and discriminate between
right and left might have difficulties perceiving tactile
stimuli. All somatosensory perceptions of children
with diparetic CP were worse than those of the hemi-
paretic and control groups. As a result, it was conclud-
ed that children with CP perceived tactile stimuli less,
and the tactile systems of children with diparetic CP
were more impacted. Unlike the literature, this situa-
tion demonstrated the importance of conducting up-
per extremity somatosensory perception tests in clin-
ics for children with diparetic CP in terms of forming
evaluation and treatment programs.

Kinesthesia disorder was more common in chil-
dren with CP (25). Another study using the Ayres kin-
esthesia test researched the impacts of dance therapy
on praxis in children with dyslexia. Dance was found
to be significant in the perception of kinesthesia (26).
In the present research, it was found that children with
CP had worse kinesthetic sense than healthy children.
The kinesthetic sense was most affected in the dipa-
retic group. The above-mentioned findings are in line
with the literature in that they demonstrate certain
levels of kinesthetic losses in different clinical types
in children with CP. Evaluation of the upper extrem-
ity kinesthetic sense in children with CP of different
clinical types will contribute to inadequate studies in
the literature.

Studies have shown that children with CP expe-
rience losses in proprioception, stereognosis, tactile
sense, and two-point discrimination compared to
healthy individuals (7, 25). In a study evaluating the
proprioception of the upper extremity in children
with hemiparetic CP and healthy children, Lewis et
al. concluded that children with hemiparetic CP had
worse proprioceptive sense than healthy children
(27). Duque et al. assessed and compared the senses
of pressure, proprioception, and stereognosis in the
upper extremity between congenital hemiparetic chil-
dren and their peers. In conclusion, they reported that
pressure, proprioceptive, and stereognosis senses were
affected in hemiparetic children (28). Other studies
examined elbow proprioception in the goal-directed
target-matching task of children with hemiparetic CP
and concluded that they made more matching errors
in the arm on the affected side (29). In their study car-
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ried out with children with CP and healthy children,
Hoon et al. found that children with CP experienced
losses in their tactile sense and proprioception (30).
Our study in which we evaluated proprioception in the
upper extremities revealed that healthy children had
better proprioception than children with CP, similar
to the literature. It was observed that upper extrem-
ity proprioception was affected more in children with
diparetic CP compared to hemiparetic children. Our
study determined that children with hemiparetic CP
had better levels of proprioceptive senses in many
joints of the upper extremity than healthy children.
This is thought to originate from the fact that the
dominant hand of hemiparetic children is mostly on
the right side and their MACS and GMFCS levels are
high. Our study results also differ from the literature
in that hemiparetic children, in case of high functional
levels and hand skills, can reach proprioception levels
similar to their healthy peers when using their domi-
nant hand.

Upper extremity problems in children with CP are
among the most important things that adversely affect
daily life (13). In children with CP who have deficien-
cies in hand skills, difficulties are observed in activities
requiring the use of both hands when the clinical pic-
ture is accompanied by functional and sensory losses
in the upper extremity and various postural disorders
(31). Accordingly, we think it is important to investi-
gate upper extremity functional skills, somatosensory
perception tests, and upper extremity proprioception
in children with CP. Identifying deficiencies that affect
upper extremity dysfunction with these evaluations
may contribute to the rehabilitation programs of pedi-
atric physiotherapists clinically.

Hand functions consisting of gross and fine mo-
tor skills are important for a persons independence
in ADL. Furthermore, cognitive, motor, and sensory
losses adversely affect independence in daily life. Up-
per extremity involvement is observed in all clinical
types, regardless of the clinical type, severity, or dis-
tribution of CP. In addition to combined reactions
in hemiparetic CP, conditions such as loss of upper
extremity function, decreased movement quality,
and a slowdown in movement, can be observed, es-
pecially with hand-wrist problems (32). In diparetic
CP, deficiencies in fine motor skills and decreased en-
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durance are observed in the upper extremities. This
adversely affects functionality by revealing abnormal
movement patterns in the child. Although children
with diparetic and hemiparetic CP have similar upper
extremity tone levels, children with hemiparetic CP
have slightly more severe deformities and relatively
worse motor control than the diparetic group (33).
In the literature, it was seen that the proximal regions
were usually included in studies evaluating upper ex-
tremity skills, and the clinical types of children with
CP were mostly spastic hemiparetic children in these
studies (29). Studies investigating the functional skills
of children with diparetic CP are rare (34). Our study
found that the functional skills of children with CP
were worse compared to their healthy peers. How-
ever, it was observed that children with hemiparetic
and diparetic CP did not differ in terms of functional
hand skills. The reason for this is thought to be due to
the high number of children in the hemiparetic group
with better functional levels according to MACS and
GMECS. This demonstrated that children with CP ex-
perienced losses of hand skills, independent of clini-
cal type, tone, and deformities. These results indicate
that diparetic children should also be evaluated in
terms of hand skills.

The study by Elbasan et al. compared children with
diparetic CP and their healthy peers and evaluated
the independence levels and functional hand skills of
these children in daily life. It was observed that chil-
dren with CP were adversely affected in comparison
with the control group in all evaluation parameters
(34). Another study evaluated the hand skills of chil-
dren with hemiparetic CP and healthy peers by the
JTHFT. As a result, it was found that the functions and
physical properties of hemiparetic CP on the affected
side were worse compared to the dominant side of the
healthy group in the same age group. In another study
assessing hand function in the literature, the JTHFT
was used in children with hemiparetic and quadripa-
retic CP, similar to our study. This study revealed that
the hand function of those with hemiparetic CP was
better than those with quadriparetic CP, except for the
writing parameter, and they completed the tests faster
(35). In our study, it was concluded that the hand skills
of children with CP were adversely affected compared
to their healthy peers, but the hand skills of the di-

paretic and hemiparetic groups did not differ. In this
respect, our results demonstrated the importance of
evaluating hand skills not only in the spastic hemipa-
retic and quadriparetic groups but also in individuals
with spastic diparetic CP. It was seen that children with
diparetic CP were slower than hemiparetic children in
the JTHFT sub-parameter of throwing small objects
with the right hand and displacing 5 full cans (left).
As aresult, it was determined that children with hemi-
paretic and diparetic CP completed the JTHFT more
slowly and in a longer time in comparison with healthy
children. Hence, it was concluded that the hand skills
of both CP groups were adversely affected compared
to their healthy peers (34). In this respect, the results
of our study also support the literature, showing that
hand skills should be considered important in dipa-
retic children with bilateral spastic involvement as well
as in spastic hemiparetic children.

This study suggested that the group with more
proprioception involvement had a longer JTHFT time
and proprioceptive losses in children with diparetic
CP caused a longer JTHFT time. It was found that
the JTHFT completion times were shorter since the
control group had better proprioception than chil-
dren with CP. Better proprioception in the hemipa-
retic group compared to the diparetic group resulted
in shorter JTHFT times of the hemiparetic group than
the diparetic group. Based on the obtained results, it
can be interpreted that proprioception affects hand
skills, and the weak proprioception on the affected side
in children with CP causes them to not use their hands
actively, leading to the decreased quality of move-
ment and a prolongation of its duration. All sensory
systems, such as proprioception and somatosensory
perception, interact with each other in children with
CP. Hence, we think that sensory systems, also includ-
ing hand functionality in the upper extremity, are im-
pacted, which is an element that should be considered
in the evaluation. According to these results, we think
that somatosensory perception and proprioception af-
fect functional skills in the upper extremities, and the
current study will contribute to the literature in this
respect.

This study’s limitation is that proprioception mea-
surements were performed using only a goniometer.
It has been suggested that the use of advanced pro-
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prioceptive measurements such as isokinetic devices
in children with CP may yield more objective results.
Furthermore, in terms of somatosensory perception
tests, detailed evaluations such as the SIPT are recom-
mended to be carried out in children with CP of differ-
ent clinical types with a higher population in further
research. Another limitation of our study is that since
the children participating in the study were generally
young, the SIPT assessments were done with their eyes
closed, and their focusing time was short. Therefore, it
is suggested that the test interval time can be extended
in future research. In addition, there was a significant
difference between the MACS levels of children with
CP in this study. However, we believe that the inclu-
sion of homogeneous groups of children with CP with
similar MACS levels in further studies may yield more
reliable results.

The current study demonstrated that children with
CP had lower somatosensory perception levels in their
upper extremities than their healthy peers and pro-
prioception losses were observed in all joints of the up-
per extremity. It was observed that the somatosensory
perceptions of hemiparetic children were lower com-
pared to their healthy peers. However, it was revealed
that diparetic children were impacted more than their
healthy peers in all somatosensory perception levels,
whereas there was no difference between the upper
extremity somatosensory perception levels of hemipa-
retic and diparetic children. It was found that children
with CP had proprioceptive losses in the upper extrem-
ity compared to healthy children, but proprioceptive
losses in all upper extremity joints of diparetic children
were higher than those of hemiparetic children. The
hand skills of children with CP were lower than those
of their healthy peers, and hemiparetic children were
at a better level in some parameters compared to the
diparetic group. It was revealed that the propriocep-
tion and somatosensory perception disorders of chil-
dren with CP adversely affected their hand activities
in daily life, and it was also important to evaluate their
somatosensory perception levels to increase the level
of independence in upper extremity hand functions.
Also, this study revealed that more research about so-
matosensorial and proprioseptive therapy models like
sensory integration therapies in children with cerebral
palsy should be investigated.
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