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Objective: Asymmetrical skull deformity is frequently seen in
children with cerebral palsy, and may contribute to postural
abnormalities and deformities. The aim of this cross-sectional
survey was to determine the frequency of asymmetrical skull
deformity and its correlation with clinical parameters.
Methods: A 10-item checklist for asymmetrical skull deformity, postural abnormalities, and deformities was developed,
and its inter-rater reliability was tested. A total of 110 participants aged 1–18 years (mean age 9.3 years (standard deviation 4.7)) was assessed using the checklist. The frequency
of asymmetrical skull deformity was analysed and related to
the Gross Motor Function Classification System (GMFCS),
postural abnormalities, and deformities.
Results: The reliability of the checklist was satisfactory
(κ > 0.8). Asymmetrical skull deformity was observed in 44
children, 24 showing right and 20 showing left flat occipital
deformity. Its frequency was significantly related to GMFCS
and with the patterns of asymmetrical posture and deformities (p < 0.05). Children with right flat occipital asymmetrical skull deformity showed predominantly rightward facial
direction and right-side-dominant asymmetrical tonic neck
reflex, left convex scoliosis, right-side-elevated pelvic obliquity, and left-sided hip dislocation. Those with left flat occipital asymmetrical skull deformity demonstrated the reverse
tendency.
Conclusion: Asymmetrical skull deformity is frequent in cerebral palsy and closely related to asymmetrical posture and
deformities. This information will be useful to manage these
problems.
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trol. CP is the most common physical disability in childhood
(1). Postural problems play a central role in the motor dysfunction of children with CP (2). The performance of everyday
activities is noticeably influenced by such postural deficits.
Although CP is, by definition, a static encephalopathy, the associated musculoskeletal pathology is usually progressive (3–
6). Hodgkinson et al. (7) reported that scoliosis was observed
in 66.2% of non-ambulatory patients with CP. The degree of
scoliosis was more than 60 degrees in 34.5% of patients, and
two basic groups were distinguished: thoracolumbar scoliosis
(41.6%) and lumbar scoliosis (41.6%). The prevalence of an
oblique pelvis was 59.9%, with an important difference by side:
31.6% right oblique pelvis and 68.4% left oblique pelvis (7).
These postural deformities can result in secondary problems,
such as pain, loss of ability, increased care burden, pressure
ulcers, cardiovascular and respiratory problems, swallowing
difficulties, and sleep disturbance, all of which are likely to
have a significant effect on quality of life (8–12). Therefore,
postural problems play a central role in the motor dysfunction
of children with CP, and an effective method for their prevention is needed.
Clinically, asymmetrical skull deformity (ASD) is often observed in children with relatively severe CP, and may contribute
to the development and aggravation of postural abnormalities
and limb and spinal deformities (Fig. 1). No report, however,
has analysed the frequency of ASD in children with CP and
its relationship with postural abnormalities and deformities.
This information would be important in the management of
their postural and deformity problems. The objectives of this
study were to perform a cross-sectional survey among children
with CP to clarify the frequency of ASD and to analyse its relationship with clinical parameters, with emphasis on postural
abnormalities and deformities.
MethodS

Submitted April 17, 2012; accepted August 20, 2012
Development of a checklist

INTRODUCTION
Cerebral palsy (CP) is a non-progressive lesion of the immature
brain that results in impairment of movement and postural con-

Based on clinical experience, a 10-item checklist for ASD, postural
abnormalities, and deformities was developed (Appendix I). ASD was
assessed with palpation and inspection, and it was determined which
side of the occiput was flattened. The child was observed both in the
supine position and in the sitting position for 3–5 min, and to which
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Fig. 1. A) Asymmetrical skull deformity (flattened right occiput). B)
Typical postural abnormalities and limb and spinal deformities of a child
with asymmetrical skull deformity. The child shows a right-side-dominant
asymmetrical tonic neck reflex, left convex scoliosis, and wind-swept
hip deformity.
side the child’s face was directed and how long the child kept the face
turned toward that direction were assessed. We also asked the primarycare givers about the predominant direction of the child’s face. The
types of spinal deformities were assessed with palpation and inspection.
For pelvic obliquity, the distance between the lowest portion of the
rib cage and the anterior superior iliac spine was measured bilaterally.
The presence or absence of hip dislocation and wind-swept deformity
was assessed with plain antero-posterior X-ray imaging. With standard
physical examination techniques, limb positions, muscle tone, the presence/absence and direction of asymmetrical tonic neck reflexes, and
head control were assessed. Facial asymmetry was judged based on
the positions of the child’s eyes and ears. The degree of head control
was classified into “present” and “lowered or absent”.
The checklist was pilot-tested by two physiatrists in 13 children
with CP (7 boys and 6 girls) who were hospitalized at two multiply
handicapped children’s wards in National Higashisaitama Hospital.
At the time of data collection, the children’s ages ranged from 4 to 7
years. To examine inter-rater reliability, kappa coefficients (13, 14)
were calculated for individual items.
As for the ASD item in the checklist, its validity was assessed by
comparing the clinical judgment with imaging studies. Thirteen participants were examined with head computerized tomography (CT)
or magnetic resonance imaging (MRI). The slice level showing the
body of the lateral ventricle was selected. The picture of the slice was
scanned into a computer, and the intracranial area was calculated with

Microsoft Excel 2010. This intracranial area was divided into two portions (right and left) by drawing a line between the falx cerebri and the
fissura longitudinalis cerebri, and the ratio was calculated by dividing
the larger area by the smaller area (Fig. 2). ASD was graded into 3
categories, i.e. “symmetrical”, “asymmetry apparent with palpation”,
and “asymmetry apparent with inspection”, and compared with the
right-to-left ratio calculated with the imaging studies. For statistical
analyses, Tukey-Kramer multiple comparisons were used (15), setting
the significance level at less than 0.05.
ASD frequency and relationship with postural abnormalities and
deformities
Participants were recruited from 2 day-rehabilitation programmes for
handicapped children and 1 hospital for multiply handicapped children.
The participants were assessed using the checklist, and the frequency of
ASD and its relationship with the Gross Motor Function Classification
System (GMFCS) (16, 17), postural abnormalities, and deformities
were analysed. For statistical analyses, the χ2 test for independence
was used (18), setting the significance level at less than 0.05.
The study was approved by the ethics committee of Keio University
School of Medicine, and informed consent was obtained from the
patients’ caregivers before participation in the study.

Results
Development of a checklist
For all of the items of the checklist, kappa coefficients were
over 0.8 (Table 1). As to the validity of the ASD item, right-toleft ratios calculated using a CT scan or MRI slice were 102.2 %
(standard deviation (SD) 2.2) for the “symmetrical” group,
107.7% (SD 6.9) for the “asymmetry apparent with palpation”
group, and 117.1% (SD 3.0) for the “asymmetry apparent with
inspection” group. The right-to-left ratio of the “symmetrical”
group was significantly lower than those of the “asymmetry
apparent with palpation” group (p < 0.05) and the “asymmetry
apparent with inspection” group (p < 0.01).
Asymmetrical skull deformity frequency and its relationship
with postural abnormalities and deformities
The participants were 110 children with CP (51 boys and 59
girls) aged 1–18 years (mean 9.3 years (SD 4.7) ): 96 children

Table I. Kappa coefficients of all the items of the checklist

Fig. 2. This is a magnetic resonance imaging. The slice level showing
the body of the lateral ventricle was selected. This intracranial area was
divided into two portions (right and left) by drawing a line between the falx
cerebri and the fissura longitudinalis cerebri, and the ratio was calculated
by dividing the larger area by the smaller area. In this case, left-side area/
right-side area is 118%.
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κ

Asymmetrical skull deformity
Site of deformity
Which direction do child keep his/her face turned toward?
How long does the child keep his/her face turned toward the
direction?
Type of spinal deformity
Pelvic inclination: wind-swept deformity
Pelvic inclination: hip dislocation
Limb position: right upper extremity
Limb position: left upper extremity
Limb position: right lower extremity
Limb position: left lower extremity
ATNR
Facial asymmetry
Stable head and neck

1.00
1.00
1.00
0.82

ATNR: asymmetric tonic neck reflex.

1.00
1.00
1.00
0.87
0.86
0.89
0.88
1.00
0.81
1.00

Asymmetrical skull deformity in cerebral palsy
(87%) belonged to the spastic type, 8 (7%) to the mixed type, 2
(2%) to the athetotic type, and 4 (4%) to the ataxic type. Overall, 4% of the patients were classified as GMFCS level I, 6% as
level II, 2% as level III, 15% as level IV, and 73% as level V.
ASD was observed in 44 children (20 boys and 24 girls).
We found no significant gender difference (using the χ2 test
for independence test, p = 0.88). Twenty-four had right and 20
left flat occipital deformity. The mean age of the ASD group
was 10.0 years (SD 5.2, range 2–18), and that of the non-ASD
group was 8.9 years (SD 4.7, range 1–18). The frequency of
ASD was significantly related to GMFCS level (Table II). ASD
was also significantly related to the patterns of asymmetrical
posture and deformities (Table II). That is, children with right
flat occipital ASD tended to show predominantly rightward
facial direction and a right-side-dominant asymmetrical tonic
neck reflex, left convex scoliosis, right-side-elevated pelvic
obliquity, and right-sided hip dislocation. Those with left flat
occipital ASD demonstrated the reverse tendency.

Table II. Frequency of asymmetrical skull deformity (ASD) and its
relationship with Gross Motor Function Classification System (GMFCS),
postural abnormalities and deformities. Statistical analyses were carried
out with the χ2 for independence test, setting the significance level at
less than 0.05
GMFCS
ASD (+)
ASD (-)

I

II

III

IV

V

0
4

0
7

0
2

6
11

38
42

Right-sided
Left-sided
flattened occiput flattened occiput Total
Direction of face (χ2, p < 0.01)
Right
15
Right/Left
9
Left
0
Total
24
ATNR (χ2, p < 0.01)
Right
12
Right/Left
1
Left
0
None
11
Total
24
Scoliosis (χ2, p < 0.05)
Right
6
Right/Left
1
Left
15
None
2
Total
24
Inclination of pelvis (χ2, p > 0.05)
Right
9
Right/Left
13
Left
2
Total
24
Hip dislocation (χ2, p > 0.05)
Right
5
Right/Left
5
Left
1
None
13
Total
24
ATNR: asymmetric tonic neck reflex.

3
6
11
20

18
15
11
44

1
2
5
12
20

13
3
5
23
44

8
3
3
6
20

14
4
18
8
44

3
14
3
20

12
27
5
44

3
2
1
14
20

8
7
2
27
44
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Discussion
A 10-item checklist was developed to objectively and easily
assess ASD, postural abnormalities, and deformities in daily
clinical practice, especially in outpatient settings. For all of the
checklist items, the kappa coefficients were over 0.8, indicating
excellent inter-rater reliability (13, 14).
Because the diagnosis of deformational plagiocephaly is
usually made on the basis of history and physical examination
findings, and imaging studies are unnecessary in most situations (19–22), ASD was assessed with palpation and inspection
in the present study. Its validity was suggested by comparing
it with the imaging assessment.
ASD was frequent in children with CP and was closely related
to asymmetrical posture and deformities. Although no study has
described the frequency of ASD in children with CP, positional
plagiocephaly appears to have increased in prevalence since the introduction of the “Back to Sleep” campaign, which recommended
placing healthy infants on their backs to sleep (23). Its 2-year
prevalence may be as high as 29.5% (24); however, prevalence appears to be age-dependent, with most cases manifesting in the first
months of life (point prevalence at 6–7 weeks=16–22.1% (25); at
4 months = 19.7% (24)). By 2 years of age, the point prevalence
of positional plagiocephaly may be as low as 3.3% (24).
In the present study sample, the frequency of ASD was 40%,
and it was significantly higher than that in healthy infants. Its
frequency was significantly related to the GMFCS level, being
more frequent in severely involved children. We believe that
prolonged immobility could be a contributing factor. In addition, its frequency is so high because there is a higher risk of
CP with early birth, assisted delivery and infant neck problems.
Although our study indicated more frequent ASD among
children with GMFCS levels 4 and 5, we cannot draw a
definitive conclusion about the incidence of ASD according
to GMFCS levels, because of the extremely low numbers of
people in this study with GMFCS levels 1, 2 and 3. Further
study with a more balanced population will be needed.
In healthy infants the Hutchinson et al. study (24) provides
evidence to show that the skull shape changes naturally within the
first 2 years of life. Because the frequency of ASD is significantly
higher in children with CP than in healthy infants, and because
children with CP tend to lie supine for a long time within the first
2 years, ASD, once it occurs, tends to persist after the first 2 years.
The diagnosis CP is seldom given during the first year of
life, when the ASD develops. For infants at risk, e.g. preterm
infants, infants with remaining asymmetric tonic neck reflex,
prevention for ASD should be given early.
In healthy infants, plagiocephaly at birth is significantly associated with gender (boys). The preponderance of boys with
plagiocephaly was explained by the suggestion of the larger
male head circumference and more rapidly growing male head,
together with lower flexibility of the male foetuses (26, 27).
In our series, we found no significant gender difference. The
reason is that boys and girls with CP spend more time in the recumbent position and abnormal posture than do healthy infants.
A recent consensus statement by an expert multidisciplinary
group defined a postural management programme for children
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with CP as “a planned approach encompassing all activities and
interventions which impact on an individual’s posture and function” (28, 29). The use of a continuous postural management
programme was recommended for children with CP rated as GMFCS levels IV and V, to be used when the children were sleeping,
sitting, and standing, with particular emphasis on its role in the
prevention of hip dysplasia. In these studies, however, no mention
was made regarding positioning related to ASD. We consider that
clinicians should take into account ASD and facial direction when
providing postural management for children with CP.
In the present study, children with right flat occipital ASD
tended to show predominantly rightward facial direction and
a right-side-dominant asymmetrical tonic neck reflex, left
convex scoliosis, right-side-elevated pelvic obliquity, and
right-sided hip dislocation. We assume that, at first, ASD is
brought about by a predominantly one-sided facial direction
during early childhood when the skull is softer, and once
ASD becomes established, it aggravates the asymmetrical
posture further. An asymmetrical tonic neck reflex caused by
a one-sided face direction could contribute to the development and aggravation of postural abnormalities and limb and
spinal deformities. Postural management focused on ASD and
facial direction appears to be necessary to prevent deformity
in children with CP.
Study limitations
First, the present study was conducted in only 3 institutions, and
thus the results must be generalized with caution. The lopsided
sample with regard to GMFCS levels is also a limitation. Additional research must be conducted in other establishments
including a larger number of children. Secondly, this study was
cross-sectional, and a prospective cohort study from early infancy
is necessary to demonstrate the time course and causal relationships between ASD and postural abnormalities and deformities.
Despite these limitations, we believe that the present findings
are useful for the better management of postural abnormalities
and deformities in children with CP.
Acknowledgment
This study was partially supported by R&D Expenditures for
Child Development.
References
1. Rosenbaum P. Cerebral palsy: what parents and doctors want to
know. Br Med J 2003; 326: 970–974.
2. Carlberg EB, Hadders-Algra M. Postural dysfunction in children
with cerebral palsy: some implications for therapeutic guidance.
Neural Plast 2005; 12: 221–227.
3. Stanley F, Blair E, Alberman E. Cerebral palsies: epidemiology
and causal pathways. London: Mac Keith; 2000.
4. Graham HK. Painful hip dislocation in cerebral palsy. Lancet
2002; 359: 907–908.
5. Graham HK. Botulinum toxin type A management of spasticity in
the context of orthopaedic surgery for children with spastic cerebral
palsy. Eur J Neurol 2001; 8 Suppl 5: 30–39.
J Rehabil Med 45

6. Graham HK. Mechanisms of deformity. In: Scrutton D, Damiano D,
Mayston M, editors. Management of the motor disorders of children
with cerebral palsy. 2nd edn. London: MacKeith; 2004, p. 105–129.
7. Hodgkinson I, Bérard C, Chotel F, Bérard J. Pelvic obliquity and
scoliosis in non-ambulatory patients with cerebral palsy: a descriptive study of 234 patients over 15 years of age. Rev Chir Orthop
Reparatrice Appar Mot 2002; 88: 337–341.
8. Moreau M, Drummond DS, Rogala E, Ashworth A, Porter T.
Natural history of the dislocated hip in spastic cerebral palsy. Dev
Med Child Neurol 1979; 21: 749–753.
9. Lisboa C, Moreno R, Fava M, Ferretti R, Cruz E. Inspiratory
muscle function in patients with severe kyphoscoliosis. Am Rev
Respir Dis 1985; 132: 48–52.
10. Bagg MR, Farber J, Miller F. Long term follow up of hip subluxation in cerebral palsy patients. J Pediatr Orthop 1993; 13: 32–36.
11. Gudjonsdottir B, Stemmons-Mercer V. Hip and spine in children
with cerebral palsy: musculoskeletal development and clinical
implications. Pediatr Phys Ther 1997; 9: 179–185.
12. Majd ME, Muldwowr DS, Holt RT. Natural history of scoliosis in
the institutionalized adult cerebral palsy population. Spine 1997;
22: 1461–1466.
13. Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics 1977; 33: 159–174.
14. Cohen JA. Coefficient of agreement for nominal scales. Educ
Psychol Meas 1960; 20: 37–46.
15. Tukey JW. The problem of multiple comparisons. Dittoed manuscript of 386 pages. New Jersey: Department of Statistics, Princeton University; 1953.
16. Palisano R, Rosenbaum P, Walter S, Russell D, Wood E, Galuppi
B. Development and reliability of a system to classify gross motor
function in children with cerebral palsy. Dev Med Child Neurol
1997; 39: 214–223.
17. Wood E, Rosenbaum P. The gross motor function classification
system for cerebral palsy: a study of reliability and stability over
time. Dev Med Child Neurol 2000; 42: 292–296.
18. Conover WJ. Practical nonparametric statistics. New York: John
Wiley & Sons; 1971.
19. Persing J, James H, Swanson J, Kattwinkel J. Prevention and
management of positional skull deformities in infants. Pediatrics
2003; 112: 199–202.
20. Robinson S, Proctor M. Diagnosis and management of deformational
plagiocephaly: a review. J Neurosurg Pediatrics 2009; 3: 284–295.
21. American Academy of Pediatrics, Task Force on Infant Sleep
Position and Sudden Infant Death Syndrome. Changing concepts
of sudden infant death syndrome: implications for infant sleeping
environment and sleep position. Pediatrics 2000; 105: 650–656.
22. Argenta LC. Clinical classification of positional plagiocephaly. J
Craniofac Surg 2004; 3: 368–372.
23. Bialocerkowski AE, Vladusic SL, Wei Ng C. Prevalence, risk factors, and natural history of positional plagiocephaly: a systematic
review. Dev Med Child Neurol 2008, 50: 577–586.
24. Hutchinson KJ, Hutchinson LAD, Thompson JM, Mitchell E.
Plagiocephaly and brachycephaly in the first two years of life: a
prospective cohort study. Pediatrics 2004; 114: 970–980.
25. van Vlimmeren LA, van der Graaf Y, Boere-Boonekamp MM,
L’Hoir M P, Helders P J, Engelbert RHH. Risk factors for deformational plagiocephaly at birth and at 7 weeks of age: a prospective
cohort study. Pediatrics 2007; 119: e408–e418.
26. Bridges SJ, Chambers TL, Pople IK. Plagiocephaly and head
binding. Arch Dis Child 2002; 86:144–145.
27. Graham JM, Gomez M, Halberg A, Earl DL, Kreutzman JT, Cui J,
Guo X. Management of deformational plagiocephaly; repositioning
versus orthotic therapy. J Pediatr 2005; 146: 258–262.
28. Gericke T. Postural management for children with cerebral palsy:
consensus statement. Dev Med Child Neurol 2006; 48: 244.
29. Gough M. Continuous postural management of the prevention of
deformity in children with cerebral palsy: an appraisal. Dev Med
Child Neurol 2002; 48: 105–110.

Asymmetrical skull deformity in cerebral palsy

1

153

APPENDIX I. A 10-item checklist for asymmetric skull deformity, postural abnormalities and deformities

	
 

Name（	
  	
  	
  	
 

	
 

CP type

（athetoid・ spastic・ ataxic・ rigid・ mixed）

	
 

GMFCS

（Level 	
  Ⅰ	
  ・	
  Ⅱ	
  ・	
  Ⅲ	
  ・	
  Ⅳ	
  ・	
  Ⅴ）

1

Asymmetrical skull

symmetrical with

asymmetry apparent with

asymmetry apparent

deformity

palpation and/or

palpation

with inspection

flattened

flattened

others

right occiput

left occiput

）

Age （	
  	
  	
  	
  ）

Sex （male・female）

inspection
2

3

Side of deformity

Which direction is the

front side ・ right side ・ left side ・ either side ・ no apparent pattern

child's face directed?
4

How long does the child

always or most of the

keep his/her face turned

time

over half of the time

less than half of the time

toward that direction?
5

Type of spinal deformity

none
scoliosis (right/left/double curve)・lordosis・kyphosis・other

6

Pelvic obliquity

distance between lowest

rt	
 

	
  cm

lt	
  	
  	
  cm

spinomalleolar distance

rt	
 

	
 

wind-swept deformity

none

（rt ・ lt）

hip dislocation

none

（rt・lt・bilateral）

	
 

rt

lt

upper extremity

extensor pattern・

extensor pattern・

flexor pattern・

flexor pattern・

indefinite・hypotonic・

indefinite・hypotonic・

normal

normal

extensor pattern・

extensor pattern・

flexor pattern・

flexor pattern・

indefinite・hypotonic・

indefinite・hypotonic・

normal

normal

rib cage and ASIS

7

Limb position

lower extremity

8

ATNR

none

cm

obligatory・non-obligatory

	
 

rt ・ 	
  lt ・	
 
present

9

Facial asymmetry

none

10

Head control

absent・lowered

lt	
  	
  	
  cm

present

bilateral

	
 

CP: cerebral palsy; GMFCS: Gross Motor Function Classification System: asymmetric tonic neck reflex; rt: right; lt: left.
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