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ABSTRACT

BACKGROUND: The present study was designed to compare hand function in autistic children with history of upper extremity
trauma with that of autistic children those who do not have history of trauma.

METHODS: The study group included total of 65 children diagnosed with autism spectrum disorder (ASD) and was divided into 2
groups: children with trauma history (Group 1) and control group (Group Il) (Group I: n=28; Group II: n=37). Hand function was evalu-
ated with 9-Hole Peg Test and Jebsen Hand Function Test. Somatosensory function was evaluated using somatosensory subtests of Sen-
sory Integration and Praxis Test. Results were analyzed with Student’s t-test and Mann-Whitney U test using SPSS version 20 software.

RESULTS: Hand function and somatosensory perception test scores were statistically significantly better in children without upper
extremity trauma history (p<0.05). When association between hand function tests and upper extremity somatosensory perception
tests was taken into account, statistically significant correlations were found between all parameters of hand function tests and Manual
Form Perception and Localization of Tactile Stimuli Test results (p<0.05).

CONCLUSION: Autistic children with upper extremity trauma history had poor somatosensory perception and hand function. It
is important to raise awareness among emergency service staff and inform them about strong relationship between somatosensory
perception, hand function, and upper extremity trauma in children with ASD in order to develop appropriate rehabilitation process
and prevent further trauma.
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INTRODUCTION 663/100,000 for 10-year-old children and 418/100,000 over-

all.B4 Additionally, according to results of a meta-analysis,
Hand and upper extremity traumas are one of the most im- having a disability makes a child more vulnerable to trauma.
portant health problems for children after the age of | year It was reported that 33% of disabled children faced an up-
old, and it is one of the most common reasons for visits to  per extremity trauma that led them to seek care at pediatric
emergency services.l'” According to results of 2 retrospec-  emergency services during their lifetime.®] Approximately

tive studies, the percentage of patients applying to pediatric ~ 32% of these disabled children treated at emergency services
emergency services for hand injuries in children were 1.7%  were diagnosed with physical disability, while 24% were diag-
and 2%, respectively; 65% of them were bone injuries, while  nosed with neurodevelopmental disorder.!

33% of them were soft tissue injuries.’] The incidence of

having a bone injury before 2 years of age was 34/100,000,  Autism spectrum disorder (ASD) is defined as neurodevel-
opmental disorder characterized by impaired social interac-
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Sthhiye, 06460 Ankara, Turkey ties.’) Number of children with ASD is increasing; medical
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For example, 2 studies reported that children with autism

Ulus Travma Acil Cerrahi Derg, November 2016, Vol. 22, No. 6 559



Huri et al. Investigation of hand function among children diagnosed with autism spectrum disorder with upper extremity trauma history

have self-injury behavior rate ranging from 5% to 66%, and
that childhood trauma occurred during daily activities at rate
ranging from 12% to 53%.0% lannuzzi et al. suggested that
trauma among children with ASD may be related to somato-
sensory (tactile and proprioceptive) perception and praxis
problems (limitations in ideation, problem solving, and mo-
tor planning), which can cause stereotypical hand behaviors
and clumsiness in daily life.l’? Somatosensory perception of
children with ASD has been found to be lower than typically
developing peers in various studies.”'” There is also strong
research supporting idea that hand function in children with
ASD is lower than typically developing peers.['"! But research-
ers are still trying to understand the complex relationship
between advanced skills and hand/upper extremity function
in children diagnosed with ASD.l'*-'

To our knowledge, this is the first study reporting the sen-
sory and functional differences between autistic children with
and without upper extremity trauma history. The primary
purpose of the study was to compare levels of somatosen-
sory perception and hand function between autistic children
with and without upper extremity trauma history.

MATERIALS AND METHODS

Department of Occupational Therapy at Hacettepe Univer-
sity Faculty of Health Sciences is a referral center for pediat-
ric rehabilitation with interdisciplinary team of occupational
therapists and physical therapists. Pediatric Rehabilitation
Unit of the department accepts pediatric patients with vari-
ous diagnoses such as autism spectrum disorders, cerebral
palsy, neuromuscular disorders, and learning disorders. The
present study is a single-centered retrospective analysis of
children who participated in occupational therapy at the Pe-
diatric Rehabilitation Unit between September 2, 2014 and
January 1, 2016. All data used in this study were collected
from database of Pediatric Rehabilitation Unit. Relevant infor-
mation from patient medical files was recorded on standard-
ized data collection form and subsequently entered into a
database. All information in the database was double-checked
against data collection forms. Random sample of 10% of med-
ical files was rechecked and compared with data collection
form for any errors. If error rate greater than 5% was found,
study protocol required rechecking another random sample
of 40% of patient files. Any discrepancies found were cor-
rected. Data were de-identified to maintain patient privacy.
Individual patient consent was not obtained. The Hacettepe
University ethics committee approved the study.

Total of 323 files were evaluated. Children aged between 3
years and 8 years, || months and who had been diagnosed
with ASD according to criteria of Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM)-5, with intelligence
quotient (IQ) score of at least 60 were included. Children
with mixed developmental disorders or medical disorders
such as additional mental retardation, congenital anomalies/
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malformations (81 children), unexpected brain anomalies (7
children), disorders with auditory or visual cortex problems
(19 children), systemic disease such as diabetes or metabolic
syndrome (3 children), epilepsy (21 children), and chromo-
some abnormalities such as Fragile X Syndrome (3 children)
were excluded. Files with missing data were eliminated (33
children). In total, 65 children met the inclusion criteria and
were included in the study. Study participants were separat-
ed into 2 groups: children with trauma history were placed
in Group | (n=28; male: 22; mean age: 6.42+2.1 years) and
children without history of trauma made up Group Il (n=37;
male: 32; mean age: 7.13%1.5 years).

Demographic information form developed by the authors and
used regularly during initial evaluation of children who ap-
ply for occupational therapy was used. Form includes details
of age, gender, IQ level (obtained from medical records and
parental interview), parental information, severity of autism,
trauma history, and physical and social development mile-
stones.

Somatosensory subtests of Sensory Integration and Praxis
Test (SIPT) were used to evaluate tactile, muscle, and joint
perception of the hand and upper extremity, while 9-Hole
Peg Test (9-HPT) and Jebsen Hand Function Test were used
to assess hand function. These are the gold standard tests for
children and they are used worldwide by occupational thera-
pists.

SIPT is a valid and reliable test for assessing sensory integra-
tion and praxis skills of children aged between 4 years and
8 years, || months. Certified occupational therapist admin-
isters Manual Form Perception, Kinesthesia, Graphesthesia,
Finger Identification, and Localization of Tactile Stimuli sub-
tests of SIPT to evaluate somatosensory perception. Manual
Form Perception and Localization of Tactile Stimuli subtests
specifically test somatosensory perception, while the other
tests include assessment of praxis.!'3-!7]

The 9-Hole Peg Test is a brief, standardized, quantitative test
of upper extremity function. Both dominant and non-domi-
nant hands are tested twice. Child is seated at a table with
a small, shallow container holding 9 pegs and a wooden or
plastic block with 9 empty holes. Start command is given,
stopwatch is started, and patient picks up the 9 pegs | at a
time as quickly as possible using just the hand being tested,
puts them in the holes, and, once 9 holes are filled, removes
the pegs one at a time, replacing them in the shallow con-
tainer as quickly as possible. Time required to complete the
task is recorded. Two consecutive trials with dominant hand
are immediately followed by 2 consecutive trials with non-
dominant hand.['8!7]

Jebsen Hand Function Test evaluates unilateral hand skills and

provides an objective assessment of hand function involved
in ADL. Test includes a series of 7 subtests performed with
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each hand that represent a wide range of tasks involving up-
per extremities. Subtests consist of the following: (1) printing
a 24-letter, third-grade reading difficulty sentence; (2) turn-
ing over 7.6x12.7 cm (3x5 in) cards (simulated page turning);
(3) picking up small, common objects (such as coins, paper
clips, bottle caps) and placing them in a container; (4) stack-
ing checkers (test of eye-hand coordination); (5) simulated
feeding; (6) moving large, empty cans; and (7) moving large,
weighted (0.45 kg) cans. Subtest scores are the number of
seconds required to complete each task.[?02!

All statistical analysis was performed using SPSS software,
version 20 (SPSS, Inc., Chicago, IL, USA).22 Descriptive
statistics, including proportions, means, medians, standard
deviations, and confidence intervals were calculated for de-
mographic characteristics, clinical features, and test results.
Student’s t-test and Mann-Whitney U test, were used to
analyze the data, as appropriate. Statistical significance was
defined as p<0.05.

RESULTS

Total of 65 children with ASD were included in the study.
Group | comprised 28 children with mean age of 6.42+2.1
years; 22 were male and 6 were female. There were 37 chil-
dren in Group Il with mean age of 7.13+1.5 years; 32 were
male and 5 were female. Severity of ASD according to DSM-

5 in Group | was 25% (n=7) severe, 35.7% (n=10) moder-
ate, and 39.2% (n=11) mild; in Group Il, 27.2% (n=10) were
classified as severe, 32.4% (n=12) moderate, and 40% (n=15)
mild. When trauma history was evaluated for Group |, 53.5%
(n=15) were orthopedic injuries caused by fall (bone injuries
resulting from fall on stairs, from window or high place, wrist
injuries), 35.7% (n=10) were soft tissue injuries to upper ex-
tremity or hand (self-injury, knife cut, burn, bite), and 10.7%
(n=3) were upper extremity injuries caused by total body
complex trauma (struck by car as result of pedestrian error,
home or school accidents).

Mean age of mother at childbirth in Group | was 25.43+5.34
years and 67.8% (n=19) had graduated from university. Mean
age of mother was 33.6216.19 years and 64.8% (n=24) had
graduated from university in Group Il. The 2 groups were
statistically different according to mother’s age and education
level (p<0.05).

Table | illustrates comparison of average scores of Group |
and Group Il on Manual Form Perception, Kinesthesia, Fin-
ger ldentification, Graphesthesia, and Localization of Tactile
Stimuli subtests. Results indicated that autistic children with
trauma history had significantly lower scores on all somato-
sensory perception subtests than autistic children without
trauma history (p<0.05).

Table |I. Somatosensoriel perception tests scores for Group | and Group Il
Group | Group Il T p
(n=28) (n=37)
Manual Form Perception -2.76 -.1.82 -2.13 <0.001
Kinesthesia -3.00 -2.75 -1.63 <0.001
Graphesthesia -2.80 -2.13 -3.54 <0.001
Finger Identification -2.86 -1.91 -3.41 <0.001
Localization of Tactile Stimuli -2.02 -1.85 -243 <0.001
Table 2.  Scores of 9-Hole Peg Test for Group | and Group |l
Group | Group Il T p
(n=28) (n=37)
MeantSD MeantSD

9-Hole Peg Test (right-hand, s)

Insert 74+37.43 57.34+21.32 -8.34 <0.001

Extract 41.34£11.2 29.43x11.23 -6.31 <0.001
9-Hole Peg Test (left-hand, s)

Insert 88.43+43.45 61.43+32.61 -7.45 <0.001

Extract 53.216.62 18.45+8.5 -7.12 <0.001
SD: Standard deviation.
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Table 2 demonstrates comparison of average speed of Group
| and Group Il on 9-Hole Peg Test. According to the results,
slower speed of autistic children with trauma history was sta-
tistically significant (p<0.05).

Comparison of average speed in each performance of Group
| and Group Il for Jebsen Hand Function Test can be seen in
Table 3. Performance of autistic children with trauma history
was statistically significantly slower than that of the autistic
children without trauma history (p<0.05).

Relationships between somatosensory perception subtests
and hand function tests are provided in Table 4. Negative
correlations between scores on Manual Form Perception, Lo-
calization of Tactile Stimuli subtests, all subtests of 9-Hole Peg
Test, and Jebsen Hand Function Test were found (p<0.05).

DISCUSSION

There are variety of upper extremity traumas that children
can face during childhood. Although their recovery is better
than that of adults, trauma during childhood can cause long-
term severe injuries.l' If they do not reach motor, sensory,
or cognitive developmental milestones, children with disabili-
ties can have difficulty adapting to their environment, and this
makes them more vulnerable to trauma.F!

Especially for children with ASD, developmental delays in sen-
sory and motor performance can lead to childhood trauma
such as upper extremity self-injury behavior or clumsiness
due to dyspraxia (motor planning problems).”! The aim of
the present study was to compare levels of somatosensory
perception and hand function in autistic children with and
without history of upper extremity trauma.

Studies have reported that trauma in childhood is seen more
often in boys than girls in the 10- to |2-year-old age group,
and that incidence of trauma is higher among 13- to 14- year-
olds with physical disabilities while it is high in 6- to 8-year-old
children with neurodevelopmental disorders such as ASD.[']
Trauma history data of children in the present study reflected
similar age and gender characteristics.!'! It is thought that
the incidence of ASD is 4 times higher in boys than in girls,
but when seen in girls, the severity of autism is often greater.
181 As a result, girls are often less independent in performing
daily living activities, and therefore they may be more pro-
tected from trauma due to greater role of caregiver. Boys may
be more vulnerable to trauma and represent the majority of
cases despite less severe diagnosis.

Some studies have also reported that children of younger
mothers with lower education level suffer greater incidence

Table 3. Scores of Jebsen Hand Function Test for Group | and Group I
Group | Group Il T P
(n=28) (n=37)
MeantSD MeanSD

Printing 264.64+231.94 125.43+42.54 -3.16 <0.001
Turning over (s)

Right 11.55£3.23 9.76+3.21 -3.85 <0.001

Left 11.43£2.54 9.12+2.32 -6.73 <0.001
Picking up objects (s)

Right 8.77+3.45 6.81+3.13 -5.14 <0.001

Left 9.12+2.78 8.43+2.65 -5.32 <0.001
Stacking checkers (s)

Right 12.34+4.32 5.62+3.19 -4.73 <0.001

Left 12.42+4.51 7.52+1.94 -3.76 <0.001
Simulated feeding (s)

Right 9.54+1.23 7.73%1.62 -4.82 <0.001

Left 9.39+2.74 7.63+2.71 -4.12 <0.001
Moving large empty can (s)

Right 13.54+3.26 7.41+2.64 -4.23 <0.001

Left 12.35+4.31 9.52+1.43 -4.63 <0.001
Moving large weighted can (s)

Right 14.32+3.26 8.63+2.84 -5.49 <0.001

Left 16.53+4.37 9.41+2.23 -5.71 <0.001

SD: Standard deviation.
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Table 4.

Test and Jebsen Hand Function Test) scores for Group | and Group I

Relationships between Finger Identification and Localization of Tactile Stimuli tests and hand function tests (9-Hole Peg

Manual Form Perception

Group |
r(p)

Group I
r(p)

Localization of Tactile Stimuli

Group |
r (p)

Group Il
r (p)

9-Hole Peg Test (total s left and right hand)

Insert -0.812 (<0.001)

Extract -0.853 (<0.001)
Jebsen Hand Function Test

Printing -0.711 (<0.001)
-0.817 (<0.001)
-0.883 (<0.001)
-0.780 (<0.001)
-0.832 (<0.001)
-0.769 (<0.001)

-0.849 (<0.001)

Turning over

Picking up objects
Stacking checkers
Simulated feeding
Moving large empty can

Moving large weighted can

-0.623 (<0.001)
-0.639 (<0.001)

-0.583 (<0.001)
-0.694 (<0.001)
0.616 (<0.001)
-0.621 (<0.001)
-0.711 (<0.001)
-0.597 (<0.001)
-0.623 (<0.001)

-0.872 (<0.001)
-0.874 (<0.001)

-0.784 (<0.001)
-0.749 (<0.001)
-0.829 (<0.001)
-0.772 (<0.001)
-0.799 (<0.001)
-0.758 (<0.001)
-0.793 (<0.001)

-0.673 (<0.001)
-0.629 (<0.001)

-0.591 (<0.001)
-0.632 (<0.001)
-0.548 (<0.001)
-0.631 (<0.001)
-0.597 (<0.001)
-0.511 (<0.001)
-0.526 (<0.001)

r=Spearman correlation coefficient.

of trauma than children with older, more educated mothers.
1 In the present study, consistent with the literature, moth-
er’s age and education level were lower in cases of children
with trauma history than the children without trauma his-
tory. It is thought that age and education level of the mother
are important to prevention of trauma in children with ASD.

There is good evidence that hand function of typically devel-
oping children is better than that of children with disabilities.
"1 Children with ASD may have different levels of fine motor
skills.'"'2 About 10% of the children with ASD have a similar
level of fine motor skills to each other, but there is a big gap
between level of hand function in typically developing children
with and without trauma history, and furthermore an even
greater gap exists in hand function among autistic children
with trauma history.'!

The literature supports theory that children with ASD may
have somatosensory perception problems.['*2-2¢] Consistent
with the literature, results of the present study indicated that
children with ASD have poor somatosensory scores com-
pared with norms of their typically developing peers.[?-2¢l
However, the literature is still limited regarding somatosen-
sory perception of children with history of trauma.l"®l As this
study is the first study in this area, it provides some evidence
that autistic children without trauma history had higher
scores on all somatosensory subtests of SIPT, suggesting that
children with ASD and trauma history have weaker somato-
sensory perception.

Physical and social environment have a great impact on sen-

sory and motor development of children.*?*! Differences in
motor and sensory development of children with ASD may
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affect ability to reach developmental milestones.?>?¢ This de-
velopmental delay may lead to difficulties carrying out daily
living activities.l'”'® Therefore, Jebsen Hand Function Test
was used to assess hand function while performing daily living
activities, as well as 9-Hole Peg Test, which assesses speed
of hand function. According to the literature, endurance and
speed in use of upper extremity and hand affect quality life of
children with ASD.?2!1 Studies have shown that sensory and
motor development differences may cause motor planning
difficulty during daily living activities, affecting quality of life of
children with ASD from early stage of life.l'*'823-2¢1 The pres-
ent study indicated that autistic children without history of
trauma had better scores in 9-Hole Peg Test and Jebsen Hand
Function Test. It has been determined that autistic children
with trauma history had greater limitation in fine motor skills.
(121 |t js thought that somatosensory perception problems
may increase rate of trauma experience during childhood,
and that this may be related to decreased scores for hand
function and speed tests.

There are study results demonstrating lower scores on
9-Hole Peg Test and Jebsen Hand Functions Test for children
with ASD compared with typically developing peers, but
there is not yet sufficient evidence on hand function among
children with trauma history.l''?% Our study revealed that
hand function of autistic children with trauma history was
slower and poor in comparison with those who did not have
trauma history.

Briefly, our study results indicated that somatosensory per-
ception and hand function of autistic children without trau-
ma history was better than those of autistic children with
trauma history. Autistic children with history of trauma may
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have somatosensory perception problem that complicates or
obstructs achieving greater proficiency level in performance
of daily living activities, which may also expose these children
to greater risk of further trauma.

The present study demonstrated relationship between so-
matosensory perception tests and subtests of hand function.
Results of Manual Form Perception Test and Localization of
Tactile Stimuli Tests correlated with those of the subtests
of hand functions in the present study, which is consistent
with the literature.”'” This result indicates that those tests
can not only be used to identify problems and successes in
hand manipulation skills of children with ASD, but may pro-
vide valuable insight with regard to possible upper extremity
trauma. In summary, our study results are initial evidence that
children with ASD who have difficulty with Manual Form Per-
ception Test and Localization of Tactile Stimuli Test are more
likely to have experienced upper extremity trauma.

All of the tests used in the present study are standardized
and can be used to assess children with ASD. It is generally
thought that 9-Hole Peg Test is easy and suitable for young-
er children with ASD. Writing and page-turning subtests of
Jebsen Hand Function Test offer advantages for assessment
of hand function of school-age children with autism. Eating
subtest of Jebsen Hand Faction Test can give indication about
hand function while performing daily living activities. Somato-
sensory perception and hand function of autistic children
with trauma were very poor, which increases risk of trauma
occurring in daily life. Early occupational therapy interven-
tions to increase somatosensory perception and hand func-
tion may help to prevent trauma in autistic children.

Conclusion

It is crucial to understand upper extremity function in children
with ASD as it may affect the child’s ability to perform daily
living activities. It may be explained by the complex relation-
ships between hand perception and function. Male children
with ASD with lower mother education level experienced up-
per extremity trauma more often than female children with
ASD with higher mother education level in the present study.
Improving mother’s level of awareness about limitations of up-
per extremity function, perception, and the kinds of traumas
that children with ASD can face is very important. Caregiv-
ers of children with mild and moderate autistic severity must
observe the child while participating in daily living activities to
prevent possible upper extremity trauma. Lack of upper ex-
tremity perception and function can lead to upper extremity
trauma, but can also inform with regard to rehabilitation needs
of the children. It is also important to inform and raise aware-
ness of emergency service staff about complex relationships
between upper extremity perception, function, and trauma
history among children with ASD.

This study will provide basic knowledge for future interdisci-
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plinary teamwork with rehabilitation therapists and emergen-
cy service staff for children diagnosed with ASD and may help
the children in this population to be evaluated and treated
for somatosensory perception problems earlier and prevent
further trauma.

Conflict of interest: None declared.
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AMAC: Calismamiz Ust ekstremite travma Gykisl olan ve olmayan otizmli gocuklarin el fonksiyonlarini karsilagtirmak amaci ile planland.

GEREC VE YONTEM: Calisgmaya otizm spektrum bozuklugu tanisi ile takip edilen toplam 65 (Grup I, n=28; Group Il, n=37) cocuk dahil edildi.
Cocuklarin el fonksiyonlari 9-Delikli Peg Testi ve Jebsen El Fonksiyon Testi ile degerlendirildi. Ust ekstremite ve elin somatoduyusal algisi Duyusal
islemleme ve Praksis Testi'nin somatoduyusal algi alt testleri ile degerlendirildi. Sonuglar Student t-testi and Mann-Whitney U-Testi ile SPSS 20

bilgisayar programi ile karsilastirildi.

BULGULAR: Her iki el fonksiyon testine ait sonuglar travma gecmisi olmayan ¢ocuklar lehine farkli bulundu (p<0.05). Ust ekstremite somatosenso-
riyel algi ile el fonksiyon testleri arasindaki iliski incelendiginde, cocuklarin 9-Delikli Peg Testi ve Jebson El Fonsiyonlari Test puanlari ile Manuel Obje
Algisi ve Taktil Uyaranin Lokalizasyonu test puanlari arasinda istatistiksel olarak anlamli iligkiler bulundu (p<0.05).

TARTISMA: Travma &yksi olan otizm spektrum bozuklugu tanili gocuklar zayif somatoduyusal algi ve el fonksiyonlarina sahiptirler. Acil servislerde
galisan profesyonellerin somatoduyusal algl, el fonsiyonlari ve (st ektremite travma Oykiisti arasindaki kuvvetli iliski konusunda bilgilendirilip, farkin-
daliklarinin arttirilmasininin; bu poplilasyondaki gocuklarin rehabilitasyon siiregleri igin dnemli oldugu distintimektedir.

Anahtar sozciikler: Dokunma duyusu; el; otizm.
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