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Abstract
Introduction
Positional deformities represent abnormal head shape in children caused by preferred
head positioning in newborn or infant period. The deformities can be caused both
prenatal and postnatal. In some cases there is spontaneous head shape correction in
infants but the deformities could be present in older age as well. The reasons to treat
the deformities are mostly psycho-social and cosmetic. Positional deformities have no
influence on psychomotoric development. Treatment options are positioning with
physiotherapy and orthotic treatment with cranial remoulding helmet. The aim of this
paper is the evaluation of the treatment of positional deformities with cranial
remoulding helmet.
Methods
There were 1182 infants indicated to a treatment within cranial remoulding helmet
since January 2010 to December 2015. The treatment was tolerated in 1136 children.
Clinical examination was performed by neurosurgeon in each patient to exclude
craniosynosthosis. The type and severity of the head shape deformity were evaluated
based on craniometric assessment. The improvement of head shape deformity was
evaluated in relation to the age of a child at the beginning of treatment, the length of
treatment and the type of a deformity.

Results
The head shape was improved in each child wearing the helmet. The most treated
deformity has been asymmetric brachycephaly. The best results in orthotic treatment
are achieved when the beginning of treatment is between 4-6 months and length of
the treatment longer than 12 weeks. As a treatment complication we can consider
contact dermatitis.
Conclusion
Orthotic treatment with cranial remoulding helmet represents the effective and
additional method to physiotherapy and positioning. Treatment results are dependent
on the age of the baby at the beginning of the treatment and the length of the
treatment.
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Introduction
Positional deformities emerge at the time of the fastest growth of the skull due to the
effect of external forces. In the neonatal and infant period, sometimes even prenatally.
The external force is gravity, which acts on the skull in supine position, often with
lateral predilection, which leads to shape asymmetry.
The most common types of positional deformities are asymmetric brachycephaly,
plagiocephaly and symmetric brachycephaly. It is necessary to distinguish positional
deformities from craniosynostosis. Premature accretion of cranial sutures is an internal
cause of skull growth failure and a surgical intervention is required.
The occurrence of positional deformities is connected with the recommendation related to the
child's position on his / her back while sleeping. This recommendation serves to prevent the
Sudden Infant Death Syndrome (1). Prior to 1990, the prevalence of infants with positional
deformities was 1 per 300 children. After 1992 the incidence has been gradually increasing to
19 - 48% in infants aged 4 months. At this age, the occurrence of positional deformities is
highest. Other prenatal and postnatal influences affecting the shape of the head include: fetal
position in the uterus, multiple pregnancies, sex of the child, prolonged labour,
cephalohaematoma , torticollis (13).

Positional deformities do not affect the psychomotor development of the child. They
are treated only for psycho-social and cosmetic reasons. Treatment options include
positioning, physiotherapy, cranial remoulding orthosis and a combination of the
above. Early treatment is the most important factor influencing the outcome of the
treatment. Maximum skull growth takes place in the first six months of life. Then the
growth dynamics and the possibility of adjusting the shape of the head (14) decrease.
An alternative to physical therapy is a cranial remoulding orthosis (18). This treatment
was introduced in the United States of America in the 1980s. It has spread with an
increased prevalence of positional deformities of the head in recent years (3). Due to

the use of cranial remoulding orthoses, the treatment of positional deformities is
faster and a better cosmetic result is reported than with physical treatment. It is
particularly successful if initiated early in infant age and in severe and very severe
deformities. In this work we evaluate the results of treatment of positional deformities
using the cranial remoulding orthosis.
Material and method
Between January 2010 and December 2015, positional deformities were diagnosed in
1182 children aged 4-14 months at the Department of Neurosurgery, University
Hospital Ostrava and at Ortopedická Protetika Frýdek-Místek. The average age of
children at the initiation of therapy was 6.3 months.
Diagnosis and evaluation of positional deformity
Craniosynostosis or other skull shape abnormalities were excluded by a neurosurgeon
in all children. In most cases, a clinical examination with palpable sutures and a typical
head configuration was sufficient to confirm the positional deformities (Figure 1). In
one child with suspected craniostenosis, we carried out CT examination with 3D
reconstruction.

Figure 1 The skull has a parallelogram shape at the positional plagiocephalus (Figure
A), the head has a trapezoidal shape at the synostosis of the lambda seam (Figure B).
The type of positional defect was determined on the basis of craniometric examination
with optical 3D scanner. Head length (AP), width (ML) and both diagonal dimensions
(DgL, DgP), measured from frontozygomatic suture to contralateral euryon, were
determined. The craniometric examination also served as a basis for the determination
of cranial vault asymmetry index (CVAI) and cranial index (CI) (Figure 2).

CVAI evaluates the head symmetry disorder.
The severity of the head asymmetry changes as the circumference of the head grows.
The same diagonal asymmetry value in mm is cosmetically more noticeable for a
smaller head circumference and vice versa. Therefore, we use the CVAI (cranial value
asymetry index), which eliminates the incomparability of results in the growth of the
skull. The CVAI value is obtained by dividing the longer and shorter diagonal
dimensions by the shorter diagonal dimension and multiplied by 100. The result is
therefore in percent. Normal CVAI is up to 3.5% (21).
CVAI = Dg longer - Dg shorter / Dg shorter x 100
CI evaluates the head proportionality disorder.
Skull proportions are determined by CI (cranial index). The CI value is obtained by the
ratio of the width to the length of the head and multiplied by 100. The result is
therefore in percent. Normal CI value is 78 ± 5% (21).
CI = ML/AP x 100

a
b
Figure 2 Method of measuring positional abnormality indices: a-CVAI (Dg 1,2- diagonal
dimensions), b-CI (AP-antero-posterior dimension, ML-mediolateral dimension).
Based on the CI and CVAI values, the type and degree of severity of the deformity are
determined (Figure 1). We classified the positional deformities according to
pathological values of CI and CVAI into (21):
Positional plagiocephaly
It is a head symmetry disorder with unilateral occipital flattening of the occipital
landscape with compensating arching of the unilateral frontal landscape. On the same
side of the posterior flattening, the ear canal is also noticeably shifted. Also, the eye
and face may shift and cause asymmetry in the face. On the other side of the occipital
landscape, there is a prominent area. The head has a classic parallelogram shape and
the dimensions show abnormal CVAI values and normal CI values (Figure 3).

Figure 3 Positional plagiocephaly
Positional symmetrical brachycephaly
This is a defect in the proportions of the head. The flattening in the occipital region is
symmetrical, in the centre of the head. The head is unusually broad with the
prominence of both vertex bones. Seen from the side, the head is taller than normal.
The dimensions show elevated CI values and normal CVAI values (Figure 4).

Figure 4 Positional brachycephaly
Positional asymmetrical brachycephaly
This is a combined defect in proportion and symmetry of the head. The occipital
flattening is at the centre of the head and at the same time on one side with a
compensating arch of the unilateral frontal landscape. On the posterior flattening side,
the ear canal may also be displaced. Also, the eye and face may shift and cause
asymmetry in the face. Dimensionally, it is a combination of elevated CI and abnormal
CVAI (Figure 5).

Figure 5 Positional asymmetrical brachycephaly

Positional scaphocephaly (dolichocephaly)
This is a rare positional defect in proportionality. The head is long and narrow (CI
reduction) (Figure 6). This shape most often results from the fact that the child spends
most of his time on his side. Lying on the side is common in prematurely born infants
in the neonatal intensive care unit. This type of positional deformity may be confused
with premature sagittal skull accretion.

Figure 6 Positional scaphocephaly (dolichocephaly)
The values of both indices, more precisely their combinations, determine the type and
severity of positional deformity. The severity of the deformity is divided into light,
moderate, severe and very severe, as shown in Figure 1.

Diagram 1 Graphical representation of the type and severity of positional head
abnormalities based on CVAI and CI values, allowing pre- and post-treatment
comparisons.

Cranial orthosis therapy
The treatment was indicated in patients with moderate and higher degree of
deformity. The orthosis was also applied in several patients with a light degree. The
principle of the function of cranial remoulding orthosis (Figure 7) is to prevent head
growth in prominence areas and to allow growth at the flattening area. Thus, the head
grows at the point of smallest resistance, so there is no pressure on the prominence
area.

a

b

Figure 7 a – function principle of the cranial remoulding orthosis, b – cranial orthosis
The production and subsequent modifications of the cranial remoulding orthosis took
place at an orthotic department.
The baby's head is scanned using a 3D optical scanner that is safe for the child's eyes.
This computer model is further modified to achieve the optimal shape of the head
model. The orthosis is made individually for each patient.
The wearing schedule is 23h / day with a five day adaptation mode. The orthosis is not
worn during physiotherapy, during illness with increased temperature and during daily
hygiene.
Patients are monitored during the treatment at an orthotic department. They come to
regular check-ups every 3-4 weeks except for the first check-up two weeks after the
application of the orthosis.
The duration of treatment depends on the age of the child at the initiation of
treatment and the severity degree of the deformity. In general, the more severe the
deformity and the older the child, the longer the treatment. The recommended
wearing duration of the orthosis is at least 12 weeks.
Termination of therapy and evaluation of treatment effect
Reasons to terminate the treatment using cranial remoulding orthosis:
- Achieving normal CI or CVAI values
- Doctor, clinician or parents are happy with the head shape
- The shape and volume of the orthosis is no longer suitable (the expansion area
is completely filled)

-

The child exceeds 18 months of age
The wearing schedule is not adhered to
Parents are not cooperating with the clinician
Failure to wear the orthosis for more than 2 weeks (it is usually no longer
possible to adjust the orthosis)

Evaluation of treatment effect
There are regular check-ups to check the baby's head and adjust the inner lining for
optimal growth. Pictures of the head before and after treatment are also taken.
After treatment, the following is evaluated:
- Degree of deformity before and after the treatment (CVAI a CI)
- Effect of the duration the orthosis has been worn
- Effect of the age at the initiation

Results
In total, 1,182 children were indicated for the cranial remoulding orthosis treatment
between January 2010 and December 2015. Of these, 46 children (3.9%) did not
tolerate the orthosis treatment. The cohort of treated patients included 1,136
children, of which 544 were boys and 252 were girls aged 4-14 months, with an
average age of 6.3 months at the initiation and an average duration of treatment of
14.8 weeks. The most frequently treated positional defect was asymmetric
brachycephaly (887 children), symmetric brachycephaly (126 children), plagiocephaly
(119 children) and the least represented group was scaphocephaly (4 children). A
summary of the cohort is presented in Table 1.

2010

2011

2012

2013

2014

2015

Total

Total number of
12
children
Orthosis intolerance 7

49

133

284

365

337

1182

3

5

18

8

5

46

Orthosis usage

5

46

128

266

357

332

1136

Number of girls

1

14

38

89

112

102

357

Number of boys

4

32

90

177

245

230

779

1

8

16

39

32

23

119

Deformity type
Plagiocephaly

Symmetric
brachycephaly

0

6

14

28

40

38

126

Asymmetric
brachycephaly

4

32

98

196

284

271

887

Dolichocephaly

0

0

0

3

1

0

4

Left

2

16

43

92

117

124

394

Right

3

24

71

146

200

170

616

Co-lateral

0

6

14

28

40

38

126

Occipital deformity
side

Table 1 Summary of patients by sex, age and type of deformity.
Prior to treatment, positional abnormality was assessed as light in 12 patients (1.1%),
moderate in 68 patients (5.9%), severe in 313 patients (27.6%) and very severe in 743
patients (65.4%). %). In all patients with orthosis tolerance, at least one of the indices
under examination improved during the treatment. After treatment, 34 patients were
without shape deformity (3%). Other children improved to light type of deformity in
344 patients (30.2%), moderate type of deformity in 452 patients (39.9%), severe type
of deformity in 235 patients (20.7%), and in 71 patients (6.2%) the deformity remained
very severe, although the finding was improved. Table 2 gives a summary of the overall
results.
Contact dermatitis was the most common complication during the treatment. In these
complications, the condition was mostly managed by local treatment and resulted in
discontinuation of treatment in only 5 children. One patient experienced left
periorbital edema due to compression of the lymphatic vessels. The condition was
solved by adjusting the orthosis. No other complications were observed.

After treatment
Before treatment
Normal

Light

Moderate

Severe

Very severe

Light

12

7

5

-

-

-

Moderate

68

9

49

10

-

-

Severe

313

16

152

127

18

-

Very
severe

743

2

138

315

217

71

Total

1136

34

344

452

235

71

Table 2 Degree of deformity before and after treatment
The treatment results varied depending on the type of positional deformity, orthosis
wearing duration, and age at the initiation of treatment. Due to the small number of
patients with dolichocephaly, it is not mentioned in the following analysis. The
improvement in relation to the individual types of positional deformity is shown in
Figure 2.
Plagiocephaly
There were 119 children with the plagiocephaly-type positional deformity in the
cohort. The aim of the treatment was to correct diagonal asymmetry as expressed by
CVAI. The best results were achieved in children where treatment was initiated
between 4-5.9 months of age and the duration of wearing the orthosis for more than
12 weeks.
Asymmetric brachycephaly
The most frequently treated head deformity was asymmetric brachycephaly. A total of
887 patients were included. Asymmetry (CVAI) and head proportionality (CI) were
studied. Again, the best results were achieved in children where treatment was
initiated between 4-5.9 months of age and the orthosis wearing time of more than 12
weeks. An example of a clinical case of a child with asymmetric brachycephaly is shown
in Figure 8.

a.

c.

b.

b

d.

Figure 8 Clinical case of a child with asymmetric brachycephaly, 5.5 months of age at
the start of treatment, orthosis worn for 23 weeks, discontinued for parents'
satisfaction.
a - pre-treatment photo, b - post-treatment photo, c - craniometric scan before
treatment (grey curve) and after treatment (blue curve), d - graphically expressed
improvement from very severe to light deformity.

Symmetric brachycephaly
The least frequent type of positional deformity was symmetric brachycephaly. A total
of 126 children were treated and the best results were again achieved with the
initiation of treatment between 4-5.9 months of age and treatment duration of more
than 12 weeks.
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Diagram 2 Graphical representation of treatment results depending on the type of
deformity
Orthosis intolerance
An orthosis wearing intolerance occurred in 46 children, which is less than 4% of the
monitored group. In only 5 children did parents report to have discontinued the treatment
due to skin problems arising in the first 1-3 weeks of wearing the orthosis, which is 11% of
the intolerances. In 5 children the treatment was not tolerated, more precisely prematurely
discontinued, due to infectious diseases with long-lasting febriles. The remaining 78% (36
children) did not tolerate the orthosis in the sense that the parents did not put on the
orthosis because the child was grumpy, crying, etc. Most of these intolerances occurred in
2010 when we started with cranial orthosis therapy at our workplace (7).
In 12 clinical cases with orthosis intolerance, we performed a control scan 2-6 months after
the initial scan. The aim was to determine how the shape of the skull changed in a child with
positional deformity that was indicated for cranial remoulding orthosis treatment but did
not use it. The shape of the skull, more precisely CVAI and CI, did not improve in any of the
scanned children.
Discussion
The possibility of treatment with cranial orthosis and the increase in number of
children with positional plagiocephalus over the last 10–15 years have led to an
increased interest in this disease as well as in the possibilities and effectiveness of
various types of treatment.

Prevalence of positional plagiocephalus is reported to be between 6–13% (13) in
newborns, after which the incidence increases with age, reaching 19–48% in infants at
4 months of age, where the incidence is highest (6,16).
Half of these children will have seen spontaneous adjustment by the age of 6 months.
The difference in occurrence we see in literature is given mainly by the determination
of criteria for the definition of positional plagiocephalus. If positional abnormality
persists after 6 months of age, there is also a 25% probability of residual finding at the
age of 2–3 (2). Overall, the incidence of cosmetically significant positional deformity is
reported in 3.3% of children aged 2-3 years, I.e. at a time when spontaneous
adjustment is no longer probable and the deformity may present a psychosocial
problem for both children and parents (6).
In 1992, the Paediatric Society issued a recommendation on the position of the child
while sleeping on his back as a prevention of the sudden death syndrome (1). In
connection with this, the prevalence of positional deformities increased. The so-called
posterior plagiocephalus (13) prevails.
The predilection position of the head also occurs in connection with torticollis, in
children with lateral weakness, and also in children with psychomotor deficiency
affecting their activity during the day. It is often described in children with long-lasting
febriles. Supine position is not the only factor influencing the disease. The causes are
both prenatal and postnatal. These include: fetal position in the uterus, primiparity,
mother’s age over 35 years, prolonged labour, oligohydramnion, cephalhematoma,
male child and multiple pregnancies (2, 8, 10, 13, 15). The risk of positional deformity
in twins is several times higher. The incidence of asymmetry in this group in twins is
reported in more than 50% (8,12). The maximum incidence of plagiocephaly is 4
months of age. Up to 6 months of age, half of the infants undergo a head shape
adjustment, either spontaneously or through physical therapy - therapy aimed at
torticollis adjustment and positioning. After 6 months of age, positioning treatment is
less successful because the child changes position by rolling over itself.
The actual diagnosis of positional deformity is the responsibility of an experienced
physician, who specializes in shape abnormalities, i.e. a neurosurgeon or craniofacial
surgeon. We do not require any radiological examination of the physicians
(paediatricians or paediatric neurologists) before sending the patient to the outpatient
department. Diagnosis is often made only on the basis of medical history and clinical
examination. In patients with facial abnormalities, it is necessary to rule out the
possibility of craniostenosis. In most cases clinical and craniometric examination is
sufficient. If we cannot exclude craniostenosis from the clinical finding, a radiological
examination is required. Due to the radiation load, we try to avoid CT scan of the brain
and prefer either a simple X-ray picture of the skull, or preferably ultrasound
examination of the skull seams, which has 100% sensitivity and 89% specificity. We use
CT of the brain with 3D reconstructions very rarely due to radiation load. As a
standard, CT is used in craniostenosis where surgical treatment is expected. However,
in the case of simple craniostenosis, distinguishable by clinical and anthropometric
examination, this procedure is also being abandoned. Even simple craniosynostoses
that are clinically distinguishable do not require a CT scan.
Treatment of positional deformities is indicated mainly for psycho-social and cosmetic
reasons. The studies that followed the psychomotor development of children with

positional plagiocephalus implie that the position abnormality of the skull is not a
factor influencing the development of these children. However, parents of children
with positional plagiocephaly often believe that the asymmetric shape of the head can
negatively affect the child's brain development. In the literature we can find works that
show the delay in reaching milestones in 11.6-12.8% of children with positional
deformity (3.14). Panchal et al (12) examined 42 children with positional plagiocephaly
and found a higher incidence of motor development delays in these children.
According to a study by Fowler et al. (4), the only difference between the group of
children with and without positional plagiocephalus is the change in muscle tone (in
terms of hypo- or hypertonia) in the children with plagiocephalus. However, these
studies should be correlated with paediatricians’ observations that children placed
only in the supine position in accordance with the "Back to Sleep" recommendation
are generally more likely to be delayed in motor development until 18 months of age
than children positioned to prone (19). Thus, no study has confirmed to date that any
psychomotor deficiency is due to the positional abnormality. Rather, the opposite is
assumed, namely that the positioning abnormality of the head itself results from a
failure to achieve milestones, side weakness and thus reduced activity of the child (20).
Treatment of the positional plagiocephalus is possible by positioning, physiotherapy,
cranial remoulding orthosis or a combination of the above. Rehabilitation aimed at
adjusting the muscle tone, lateral asymmetry and torticollis should always be part of
the treatment. The actual adjustment of the head shape is then possible by positioning
or using a cranial orthosis. The aim of the treatment is to let the growth forces of the
brain act in the opposite direction than where the positional deformity emerged.
Positioning means the position of the head on the contralateral side in positional
plagiocephaly or the alternation of the sides in positional symmetric brachycephaly.
Cranial remoulding orthosis is an active and fast treatment, which involves the
production of a special orthosis worn by the child 23 hours a day, which allows the
head shape to be adjusted over a period of 4-6 months. The cranial remoulding
orthosis does not exert any active pressure on the prominent parts of the head, but
only prevents growth of the head in the areas of prominence and creates expansion
spaces at the site of the head flattening. In this article we present the results of cranial
orthosis treatment.
To compare the two types of treatment, the literature still lacks the necessary data
and there is also no comparative group of children treated by positioning and
physiotherapy in our cohort. We managed to monitor only 12 children in whom
orthosis therapy was indicated, but eventually did not take place and the children were
examined after 2-6 months. In none of them did the positional defect improve
according to the craniometric examination. Most literature reports comparing both
treatments, i.e. positioning and cranial remoulding orthosis, are at the "possibly
beneficial" level. Most of them, however, speak in favour of the cranial orthosis. It
allows a better shape correction by comparing CVAI (5.14) and also about 3 times
shorter treatment time compared to physiotherapy and positioning. Thus, cranial
orthosis treatment appears to be more effective than positioning at the age of 6
months and later and in severe and very severe positional defects (9). The influence of
the treatment itself on the psychomotor development of children was also monitored.
Miller and Clarren (11) compared a group of children treated with positioning or

cranial orthosis for positional plagiocephaly and found that the cranial orthosis therapy
alone did not negatively or positively affect psychomotor development. A prospective
randomized study is therefore missing in literature, but in our view it is difficult to be
carried out, especially for ethical reasons, since most parents of children with severe or
very severe deformity have decided to use cranial orthosis from our experience.
Complications include contact dermatitis and other skin manifestations. Complications
can also include intolerance of the orthosis by the child, which is the most common
cause of discontinuation of treatment.
Some comparative studies deal with treatment recommendations in children with
positional plagiocephalus (). In order to prevent positional plagiocephalus, a position
on the tummy is recommended, under the supervision of parents, especially until the
age of 6 months before the child begins to change position itself. In the case of
positioning the child on the back, care should be taken to regularly change the position
of the head and stimuli, especially in the case of lateral predilection preference of the
child.
It is considered a matter of course to eliminate the causes of the lateral predilection,
caused by torticollis, postnatal injury (collarbone fracture, brachial plexus paresis, etc.),
by neurological symptomatics with lateralization. These causes can be eliminated by
physiotherapy, which is part of the treatment even in the case of an already existing
deformity. If a shape abnormality persists after 6 months of life, cranial remoulding
orthosis treatment is recommended to adjust the shape of the head faster and better
than physiotherapy and positioning treatment.
Surgical treatment of head positional abnormalities is very rare and we have not seen
this indication in our practice yet.

Conclusion
Positional deformities represent a relatively common problem in newborns and
infants, the occurrence of which is also connected with the recommendation on
positioning children on their backs. There is no evidence that positional abnormality
has a negative effect on the brain's development. Treatment is indicated primarily for
psychosocial and cosmetic reasons. The treatment options are positioning,
physiotherapy and use of cranial remoulding orthosis. The use of cranial remoulding
orthosis is a safe and effective alternative to positioning with good results in all types
of positional deformities. The best results are obtained when treatment is started
between 4-6 months of age and the duration of therapy over 12 weeks.
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