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ABSTRACT

Introduction: About 23-46 per cent of children with Cerebral Palsy suffer from sleep problems. It adversely impacts on learn-
ing, mental functioning, emotional function, the behavioural and social function of school-aged children. So a trial to investigate
the association between sleep problems of pre-school and school-aged Cerebral Palsy (CP) children to their gross motor (GM)
function.

Mohakud K!, Sahoo S?*, Mishra DP3, Das SP%, Sahu RK®

Objective: To examine the association between sleep problems and gross motor function of the pre-school and school-aged
children with CP.

Methodology: Sixty-two CP children of 3-10years age participate in the observational co-relational study. The Child’s Sleep
Habit Questionnaire (CSHQ) and Gross Motor Function Classification System, Expanded and Revised (GMFCS-E&R) were
administered to measure sleep problems and gross motor function respectively.

Results: Data are analyzed by two-tailed Spearman correlation and found strong association persists between sleep problem
and gross motor function of preschool and school-aged children with CP ( r =0.868,p=0.00). The severity of sleep behaviour at
various GMFCS -ER levels were analyzed by Kruskal-Wallis Test (F=11.33, p=0.001) and the post hoc test was applied by the
Bonferroni method found as follows 5-1>4-1>3-1>2-1>2-5.

Conclusion: Sleep problem affects in achieving the gross motor function of Pre-school and school-aged children with CP.
Keywords: Sleep Problem, Cerebral Palsy, Motor Function, School Children, Association, Gross Motor

INTRODUCTION essential for children’s physical, emotional well-being and
plays a critical role in neurological development.* Pre-school
and school-aged children have greater sleep needs than ado-
lescents and adults and also typically require 10 to 11hours
of sleep every day.’ Prevalence of sleep problems is more
than 80% in children with neurodevelopmental disorders.®’
Cerebral palsy (CP) is the most common unchanging neu-
rological disorder of childhood motor disability character-
ized by multiple impairments and functional limitation as it
. X ) . affects the development of movement and posture.®® About
by disengaging from the env1rogment autom.atlca.lly and ef— 23 - 46% of children with Cerebral Palsy (CP) Children suf-
fortlessly and successfully gate irrelevant stimuli.* Sleep is fer from sleep problems.®!! They have a prevalence of ini-

Sleep is a complex physiological function for all living crea-
tures. It does not mean a state of shut-down but as a state
of activity. Sleep facilitate maturation, reorganization, and
restoration of function. It is a unique and essential area of
occupation, the naturally occurring events to support life and
permit or promote adaptation to the environment.! Sleep fa-
cilitates growth and development through learning and mas-
tery.> Good sleep means one can initiate and maintain sleep
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tiation, maintenance, sleep-wake transition disorders, exces-
sive sleepiness and arousal disorders.'® Sleep disorders in CP
children may be due to various factors like mental retarda-
tion, visual impairment, seizure disorders, obstructive sleep
apnea, restricted movements due to contractures and pain
due to spasticity, dental caries and use of orthoses, anti-epi-
leptic medications, etc.'"'> Good sleep plays a critical role in
the neurological development of children but sleep problems
negatively affect the daytime functioning, emotional health,
interpersonal relationships, and academic performance.'¢"
Studies describes the relationship of sleep to the gross motor
function of CP children.?* Ghorbanpour Z et.al. represented
the Correlation between Sleep Disorders and Function in
Children with Spastic Cerebral Palsy,? but there is a lack of
literature focusing on the association of sleep disorders to
the gross motor function of preschool and school-aged CP
children in the eastern zone of India. Hence an initiative has
been taken to investigate the association of sleep disorders
to the gross motor function of preschool and school-aged
CP children attending SVNIRTAR, Odissa. Hence our study
hypothesized as sleep does have an association with gross
motor function of preschool and school-aged CP children.
Also, we propose to determine the effects of abnormal sleep
behaviour of CP children on their gross motor development.

MATERIAL AND METHODS

Participants were recruited for the cross-sectional study at-
tending pediatric out-patient & in-patient Department of
Occupational Therapy, Swami Vivekananda National Insti-
tute of Rehabilitation Training And Research (SVNIRTAR),
Olatpur, Cuttack, Odisha a tertiary level hospital in the field
of rehabilitation. Sixty- two numbers of patients of preschool
and school-aged children of age 4 to 10 years, diagnosed with
CP were recruited through consecutive sampling method.
Child having Intellectual Disability, brain hemorrhage, brain
tumor, Down syndrome, congenital anomaly and associat-
ed chronic medical conditions cardiorespiratory conditions
are excluded from the study. Also the Child having sensory
processing disorder and who had undergone any soft tissue
release, corrective deformity and recent spinal tap were not
included in the study. Children under medications of antihis-
tamine, CNS stimulants and anticonvulsants whose probable
effects on sleep were excluded from the study. The purpose
of the study is well explained to the parents or guardians
of the participants. After the parents of the child filled the
consent to participate in the study, data were collected using
surveys in combination with interviews to ensure uniformity
in the research process. The caregiver of each subject par-
ticipated in structured face to face interviews which lasted
an average of 45 minutes. The interviews were conducted in
Odisha, the regional dialect spoken in Odisha. All questions

were translated from English to Odia by 2 translators using
the back-translation method. Interviews were conducted by
one researcher while another monitors the proceedings. De-
mographic data and information on sleep issues (CSHQ) and
gross motor functions (GMFCS-ER) were collected during
the interviews by using questionnaires. The questionnaires
were filled out by the researchers who conducted the inter-
views due to the lack of reading literacy amongst some of
the participant caregivers. At the end of each interview, the
interviewee was allowed to clarify any doubts or ask ques-
tions. Custom made an odia-language survey with close-end-
ed questions were used to collect the demographic data from
the caregiver of the participants. The study was conducted
for 6months from July to December 2019. The study was
approved by the scientific and the ethical committee of the
institutional board.

I.  The Children Sleep Habit Questionnaires (CSHQ) is
a retrospective, 33-items abbreviated parent question-
naire for screening sleep behaviour in 4-10years chil-
dren. It has 8 subscales of sleep domain like bedtime
resistance, sleep-onset delay, sleep duration, sleep
anxiety, night-waking, parasomnias, sleep disorder
breathing, and daytime sleepiness. Items were rated
on a three-point scale: “usually” if the sleep behav-
iour occurred five to seven times/week; “sometimes”
for two to four times/week; and “rarely” for zero to
one time/week. Higher scores indicate worse sleep be-
haviours or problems. A score above 41 is considered
problematic sleep behaviour.”

II. GMFCS-E & R (Gross Motor Function Classifica-
tion System Expanded and Revised) is used for
measuring present abilities and limitations in gross
motor function of children. GMFCS- E&R has five
functional levels. LEVEL I - Walks without restric-
tion. LEVEL II — Walks without restriction but with
limitations. LEVEL III - Walks using a hand-held
mobility device. LEVEL IV - Self-mobility with
limitations; may use powered mobility. LEVEL V
— self mobility severely limited and transported in a
manual wheelchair.?®

STATISTICAL ANALYSIS

Data were tabulated and analyzed using SPSS version-20.
General characteristics of the study population were ana-
lyzed by frequencies and cross-tabulation. The association
of sleep habit with gross motor function of the preschool
and school going CP children was done using two-tailed
spearman’s correlation test between CSHQ and GMFCS-
ER score of children. The severity of sleep behaviour at
various GMFCS-ER levels was analyzed by the Kruskal-
Wallis test and a post hoc test was applied by the Bonfer-
roni method.
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RESULTS

We approached 76 parents of eligible CP children of 4-10
years out of whichl2 mothers did not give consent and 2
mothers did not complete all questionnaires. Hence 62
numbers of subjects were considered for analysis of this
study. Among them 42 (68%) are male and 20 (32%) are fe-
male children. The mean age of the children participating in
the study is 6.55+1.8 years (Table-1a,1b). Spastic CP chil-
dren are maximum in numbers (n=50, 81%) as compared to
other types of CP children. Among 62 children, 25 num-
bers (40%) are in GMFCS- ER level-1;17 numbers (28%)
are in level-11;7 numbers (11%) are in level-III 2 numbers
(3%) are in level-IV and 11 numbers (18%) were in level-
V. From the reported abnormal sleep behaviour in CSHQ,
two domains were mostly affected. Those were domain sleep
disorder breathing (46%) and the domain excessive daytime
sleepiness (59.5%). These demographic characteristics are
depicted in table-1a & the frequency of participants at differ-
ent GMFCS levels 1b. Similarly, table -2 shows the Correla-
tions between CSHQ to GMFCS-ER scores. The results in
our study showed a significant relationship persists between
sleep habits with gross motor function of the preschool and
school going CP children as the r =0.868 (p=0.00). (Table-2).

To compare the effect of sleep behaviour on gross motor
function of preschool and school going CP children at the
various GMFCS-ER levels data were analyzed with the
mean difference between the CHSQ total score and GMFCS
-ER levels by Kruskal-Wallis test. We found a significant
difference between the CHSQ total score and GMFCS -ER
levels (F=11.33, p=0.001) depicted in the table-3.

However, on post hoc analysis Bonferroni test was done to
find the difference size at various GMFCS-ER levels and
found as follows 5-1>4-1>3-1>2-1>2-5 depicted in the ta-
ble-4 .This indicates GMFCS-ER level is affected by CSHQ
total score of all CP children.

DISCUSSION

Our study demonstrated preschool and school-aged CP chil-
dren’s sleep habit is associated with their gross motor func-
tion which corroborates with the finding of the study of Mu-
nyumu et al.?>?¢ We found in our study a strong association
exists between sleep behaviour to the gross motor function
of preschool and school going CP children and also in abnor-
mal sleep behaviour in CSHQ, domain sleep disorder breath-
ing (46%) and the domain excessive day time sleepiness
(59.5%) were mostly affected in our study sample. This also
corroborates with the finding of previous studies.?*?*!

Spastic and dyskinetic varieties of CP have participated in
this study. In these types of CP children, total body involve-
ment may be a cause for the increased occurrence of pain or

involuntary movements. Hence these children were more af-
fected in the domain of sleep disorder breathing due to motor
abnormality or pathology in CP.*! As a result, the initiation
and maintenance of sleep is affected in these children and
daytime sleepiness is maximum affected in our study sam-
ple. In the other part of our study, we found that preschool
and school-aged CP children having abnormal sleep behav-
iour shows poor abilities in gross motor function. In post hoc
analysis it reveals that gross motor function classification
levels are also affected by the sleep score. That means those
who have more abnormal sleep behaviour their gross motor
function achievement is more affected. In contrast to other
studies GMFCS-ER level V is maximum affected with the
sleep score, which is congruent with the study of Munyumu
et al.?*?28 Hence our study explains the abnormal sleep habit
has a negative impact on the gross motor development which
is similar with the findings of previous studies.?®**% A good
number of studies show that fine motor skills Gross motor
skills are improved with good or normal sleep but which cor-
roborates with the finding similar to our study.? In our study
we used GMFCS-ER which reveals the sequential develop-
ment and locomotor component of the children. So here the
gross motor function is concerning more of sequential de-
velopment and the locomotor component of these children.
These skills involve coordinated movement of the skeletal
muscles.”!

Sleep is very much essential for the consolidation phase of
memory enhancement of this skill learning.*® The neuro-
physiology supporting this phenomenon is that the children
with good sleep, have better learning with the enhancement
of motor memory formation when performing any physical
activities which support the result of our study.”*° Also if the
practice is done for a gross motor activity with a good sleep
habit, there is twelve to thirty per cent improvement of per-
formance and skill in both acquisition and retention of motor
learning.?®*° This occurs due to changes in the electrophysi-
ological, neurochemical, molecular and cellular structure of
the brain leading to long term memory of motor control.*?
Previous literature depicts that sleep allows for learning-re-
lated changes of the brain’s activity which is proved in fMRI.

Early learning phase the cerebellum activity shifts from the
cerebellar cortex to the dentate nucleus, and with the increase
in practice shifts from a cortico-cerebellar to a cortico-stri-
atal network.**** In normal sleep habits there is an increase
in activity in the parietal cortex and in the caudate nucleus
which enhances

Performance with less physical practice.> Also the sleep
increases the neural activity levels in the central nervous
system, which decreases conscious control and increase of
automatic movement control mechanism.*! So CP children
having good sleep have better learning and control over
the skill or motor control mechanism. Hence preschool and
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school-aged CP children having abnormal sleep habits have
poor gross motor functional abilities.*

LIMITATIONS AND FUTURE RECOMMENDATIONS
The different stages and domains of sleep are not examined
for effects on gross motor function abilities which can be
considered for future research. Also, the quality of sleep is
not measured by polysomnography and actigraphy rather
used CSHQ. The CSHQ assesses the frequency of sleep be-
haviour over a 1week period which may have parental and
recall bias. Other factors affecting gross motor functions are
not included in the study which can be recommended for
further research. The sample size is small to generalize the
findings.

CONCLUSION

Sleep habit has a strong association with gross motor function
abilities of preschool and school-aged children with Cerebral
palsy. Children with good sleep habit behaviour have better
gross motor functional abilities like cognition and social de-
velopmental milestone. So, sleep issues not be neglected and
properly intervened from infancy in CP children to achieve a
good sleep habit for a better motor performance leading to a
better quality of life.

ACKNOWLEDGEMENTS

The authors are thankful to Dr Debabrata Singh, Dept. of
CSIT, ITER, Siksha O Anusandhan University, Bhubane-
swar, Odisha; Miss Gargi Mishra, M. Tech (Biotechnology)
and Miss Pallavi Das for their immense contribution. Also
thanks to all staff of Dept. of Occupational Therapy, SVNIR-
TAR, Cuttack, Odisha for their valuable suggestions and
support.

Source of Funding: NIL

Conflicts of Interest: There is no conflict of interest among
the authors.

Authors Contribution:

KM, SS: Concept and design, Final approval of the version
to be published. DPM: Manuscript drafting SPD: Data col-
lection and analysis RKS: Final editing and revision

REFERENCES

1. Reynolds S, Lane SJ. Research brief: Sensory responsiveness
and problem sleep behaviours in children with autism spectrum
disorders. Sensory Integration Special Interest Section Quarter-
ly. 2011;34(1):1-4.

2. Kathlyn L.Reed, Sanderson SN. Assumptions are inherent in oc-
cupational therapy. In: Johnson E, editors. Concept of Occupa-
tional Therapy. 4™ ed. Wolter Kluwers Press.1999. p.14-31.

3.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Reynolds S, Lane SJ, Thacker L. Sensory processing, physio-
logical stress, and sleep behaviours in children with and without
autism spectrum disorders. OTJR: Occupation, Participation and
Health. 2012 Jan;32(1):246-57.

Medic G, Wille M, Hemels ME. Short-and long-term health con-
sequences of sleep disruption. Nat Sci Sleep. 2017; 9:151.

LJ M. Mindell JA. Sleep and sleep disorders in children and ado-
lescents. Psychiatr Clin North Am. 2006;29(4):1059-76.
National Sleep Foundation. Sleep in America poll: Sleep in the
modern family. Washington (DC): The Foundation. 2014.
Angriman M, Caravale B, Novelli L. Sleep in children with neu-
rodevelopmental disabilities. Neuroped. 2015 Jun;46(03):199-
210.

Mohakud K, Sahu RK, Dash SR, Sahoo S. Child Behavioral
Problem and its Relationship with Parenting Stress of Moth-
ers of Cerebral Palsy Children and Autistic Children. Indian J
Physiother Occup Ther. 2019 Oct;13(4):478.

Mishra DP, Mishra G, Das SP, Senapati A, Mohakud K. Sensory
Processing/Integration Dysfunction Affects Functional Mobility
of Children with Cerebral Palsy. J Neonatol Clin Pediatr. 2020;
7:043.

Owens J. Classification and epidemiology of childhood sleep
disorders. Sleep Med. Clin. 2007 Sep 1;2(3):353-61.

Newman CJ, O’Regan M, Hensey O. Sleep disorders in children
with cerebral palsy. Dev Med Child Neuro. 2006 Jul;48(7):564-
8.

Karatas AF, Miller EG, Miller F, Dabney KW, Bachrach S. Cer-
ebral palsy patients discovered dead during sleep: experience
from a comprehensive tertiary pediatric centre. J Pediatr Rehabil
Med. 2013 Jan 1;6(4):225-31.

Wayte S, McCaughey E, Holley S, Annaz D, Hill CM. Sleep
problems in children with cerebral palsy and their relation-
ship with maternal sleep and depression. Acta Paediatr. 2012
Jun;101(6):618-23.

Wiggs L, Stores G. Severe sleep disturbance and daytime chal-
lenging behaviour in children with severe learning disabilities. J
Appl Res Intellect Disabil. 1996 Dec;40(6):518-28.

Jan JE, O’Donnell ME. Use of melatonin in the treatment of
paediatric sleep disorders: a mini review. J Pineal Res. 1996
Nov;21(4):193-9.

Wirrell EC, Hamiwka LD, Blackman MA, Mah JK. Sleep dis-
turbances in children with epilepsy compared with their nearest-
aged siblings. Epilepsia. 2004 Jan 1; 45:278.

Livingston MH, Rosenbaum PL, Russell DJ, Palisano RJ. Qual-
ity of life among adolescents with cerebral palsy: what does the
literature tell us? Dev Med Child Neuro. 2007 Mar;49(3):225-
31.

Vriend JL, Davidson FD, Corkum PV, Rusak B. Manipulating
sleep duration alters emotional functioning and cognitive perfor-
mance in children. J Pediatr Psychol. 2013 Nov 1;38(10):1058-
69.

Sadeh A, Gruber R, Raviv A. The effects of sleep restriction and
extension on school-age children: What a difference an hour
makes. Child Dev. 2003 Mar;74(2):444-55.

Vriend JL, Davidson FD, Corkum PV. Chambers CT. Sleep
quantity and quality concerning daytime functioning in children.
Child Care Health Dev. 2012 Jul 1;41(3):204-22.

Ghorbanpour Z, Hosseini SA, Akbarfahimi N, Rahgozar M.
Correlation between Sleep Disorders and Function in Children
with Spastic Cerebral Palsy.Iran j Child Neurol 2019;13(3):35.
Adiga D, Gupta A, Khanna M, Taly AB. Sleep disorders in chil-
dren with cerebral palsy and its correlation with sleep distur-
bance in primary caregivers and other associated factors. Ann
Indian Acad Neurol. 2014 Oct;17(4):473.

.~
L Int J Cur Res Rev | Vol 13 « Issue 10 « May 2021 S-76



Mohakud et al: Sleep Disorder on Motor Function of Pre-School

. Newman CJ, O’Regan M, Hensey O. Sleep disorders in children
with cerebral palsy.Dev Med Child Neurol. 2006 Jul;48(7):564-
8.

. Sandella, Danielle E., Louise M. O’Brien, Laura K. Shank.

30.

Plihal W, Born J. Effects of early and late nocturnal sleep on
declarative and procedural memory. J Cogn Neuroscil997
Jul;9(4):534-47.

24 31. Walker MP, Brakefield T, Morgan A, Hobson JA. Practice with
“Sleep and quality of life in children with cerebral palsy. Sleep sleep makes perfect: sleep-dependent motor skill learning. Neu-
Med. 12, no. 3 (2011): 252-256. ron. 2002 Jul 3;35(1):205-11.

25. Munyumu K, Idro R, Abbo C, Kaddumukasa M, Katabira E. A.  32. Magill, R. A. Motor learning and control (9th ed.) 2011. New
Prevalence and factors associated with sleep disorders among York: McGraw-Hill
children with cerebral palsy in Uganda; a cross-sectional study. 33. Walker MP. A refined model of sleep and the time course of
BMC paediatrics. 2018 Dec;18(1):1-7. memory formation. Behav Brain Res. 2005 Feb;28(1):51-64.

26. Blischke K, Erlacher D. How sleep enhances motor learning-a  34. Doyon J, Song AW, Karni A, Lalonde F, Adams MM, Ungerlei-
review. ] Hum Kinet. 2007 Jun 1; 17:3. der LG. Experience-dependent changes in cerebellar contribu-

27. Owens JA, Spirito A, McGuinn M. The Children’s Sleep Habits tions to motor sequence learning. Proc Natl Acad Sci U S A.
Questionnaire (CSHQ): psychometric properties of a survey in- 2002 Jan 22;99(2):1017-22.
strument for school-aged children. Sleep-New York-. 2000 Dec  35. Smith CT, Aubrey JB, Peters KR. Different roles for REM and
15;23(8):1043-52. stage 2 sleep in motor learning: A proposed model. Psychol

28. Palisano RJ, Rosenbaum P, Bartlett D, Livingston MH. Content Belg. 2004 Jan 1; 44:81-104.
validity of the expanded and revised Gross Motor Function Clas-  36. Walker MP, Brakefield T, Hobson JA, Stickgold R. Dissociable

sification System. Dev Med Child Neurol. 2008 Oct;50(10):744-
50.

. Fischer S, Hallschmid M, Elsner AL, Born J. Sleep forms
memory for finger skills. Proc Natl Acad Sci U S A. 2002 Sep
3;99(18):11987-91.

Table 1: (a) Sociodemographic Data

stages of human memory consolidation and reconsolidation. Na-
ture. 2003 Oct;425(6958):616-20.

S1. No Baseline characteristics Value
1. No of subjects 62
2. Age range (years) 4-10
3. Mean age 6.55+1.8
Male 42(68%)
4. Gender
Female 20(32%)
5 Types of CP Spastic diplegic 52(84%)
Dyskinetic 10(16%)

Table 1: (b) Frequency of subjects at different GMFCS level.

Level Number Percentage %
I 25 40

II 17 28
11T 7 1
v 2 3
\% 1 18
Table 2: Correlations between CSHQ to GMFCS-ER score
Tools used Number of subject(n) Sphearman rho (r) P value
CSHQ 62 0.868 0.00
GMEFCS 62 0.868

**Correlation is significant at the p< 0.0 level (2-tailed)
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Table 3: Kruskal -Wallis test between CSHQ and GMFCS

Tool Mean (n) SD 95% CI P value
CSHQ 77.56 30.035 69.94-85.19 18.787 0.001

GMEFCS 2.26 1.436 1.89-2.62

Chi-square Test

Table 4: Comparisons with (I) gmfcs and (J) gmfcs

Multiple Comparisons
Dependent Variable: CSHQ

Bonferroni
(I) GMFCS (J) GMFCS M:fl‘C’eD(}f%r Std. Error Sig. 95%&‘::2‘:““
Lower Bound  Upper Bound
2 -46.758*% 3.318 0.000 -56.45 -37.07
) 3 -60.337* 4.590 0.000 7374 -46.93
4 -64.480* 7.888 0.000 -87.52 -41.44
5 -65.580* 4.016 0.000 -77.31 -53.85
1 46.758* 3.318 0.000 37.07 56.45
, 3 -13.579 4.781 0.062 -27.54 38
4 -17.722 8.001 0.308 -41.09 5.64
5 -18.822% 4.234 0.000 -31.19 -6.46
1 60.337* 4.590 0.000 46.93 73.74
2 13.579 4.781 0.062 -38 27.54
3 4 -4.143 8.606 1.000 -29.28 20.99
5 -5.243 5.290 1.000 -20.69 10.21
1 64.480* 7.888 0.000 41.44 87.52
2 17.722 8.001 0.308 -5.64 41.09
4 3 4.143 8.606 1.000 -20.99 29.28
5 -1.100 8.315 1.000 -25.38 2318
1 65.580" 4.016 0.000 53.85 77.31
2 18.822* 4.234 0.000 6.46 3119
> 5.243 5.290 1.000 -10.21 20.69
4 1.100 8.315 1.000 -2318 25.38

*. The mean difference is significant at the o0.05 level.
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