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Positional Skull Deformities

Etiology, Prevention, Diagnosis, and Treatment
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SUMMARY

Background: Especially in the first 6 months of life, skull deformities manifest-
ing as a uni- or bilateral flattening of the occiput often give rise to questions of
differential diagnosis and potential treatment. In this review, the authors

summarize the current understanding of risk factors for this condition, and the
current state of the relevant diagnostic assessment and options for treatment.

Methods: The recommendations given in this selective review of the literature
are based on current studies and on existing guidelines on the prevention of
sudden infant death, the recommendations of the German Society for Pediatric
Neurology (Deutsche Gesellschaft fiir Neuropédiatrie), and the American guide-
lines on the treatment of positional plagiocephaly in infancy.

Results: Pre-, peri-, and postnatal risk factors can contribute to the develop-
ment of positional skull deformities. These deformities can be diagnosed and
classified on the basis of their clinical features, supplemented in unclear cases
by ultrasonography of the cranial sutures. The putative relationship between
positional skull deformities and developmental delay is currently debated. The
main preventive and therapeutic measure is parent education to foster correct
positioning habits (turning of the infant to the less favored side; prone position-
ing on occasion when awake) and beneficial stimulation of the infant (to
promote lying on the less favored side). If the range of motion of the head is
limited, physiotherapy is an effective additional measure. In severe or refrac-
tory cases, a skull orthosis (splint) may be useful.

Conclusion: The parents of children with positional skull deformities should be
comprehensively informed about the necessary preventive and therapeutic
measures. Treatment should be initiated early and provided in graded fashion,
according to the degree of severity of the problem. Parental concern about the
deformity should not be allowed to lead to a rejection of the reasonable recom-
mendation for a supine sleeping position.
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ince the 1992 publication of the recommen-

dation to put infants to sleep on their backs,
rates of sudden infant death have fallen significantly
(1, 2). For this reason, this sensible recommendation
should be adhered to (3). Simultaneously, reports of
mostly mild skull deformities in children of merely a
few weeks in age increased over this period (4-6),
presenting clinically as a unilateral or bilateral flatten-
ing of the occiput. Although causality has, strictly
speaking, not been proved, an association with the
recommendation for putting babies to sleep in the su-
pine position seems plausible. The rate of skull de-
formities decreases as children get older. In a cohort
study, 16% of children aged 6 weeks had skull de-
formities whereas the rate fell to 3.3% at age 2 years
(7). A prospective epidemiological study from the Ne-
therlands found moderate to severe skull deformities
in 1% of investigated children aged 5.5 years (8). In
routine clinical practice, skull deformities—especially
within the first 6 months of life—often give rise to
questions about differential diagnoses and options for
intervention (4, 5, 7, 9-12, el, e2).

Methods

This selective literature review provides an over-
view of the pathogenesis, possible risk factors,
symptoms, and diagnosis of positional skull defor-
mities, as well as therapeutic options. We took into
account the fact that some existing studies have sub-
stantial limitations: small numbers of investigated
patients, lacking control groups, and pre-selection in
the severity grade under investigation with resultant
biases (6). Furthermore, the number of prospective
studies is small.

The recommendations mentioned follow the US
and German guidelines for the prevention of sudden
infant death, the recommendations of the German
Neuropediatric Society, and the guideline issued at
the end of 2016 by the US Congress of Neurological
Surgeons (CNS) and the Section of Pediatric
Neurosurgery for the treatment of pediatric posi-
tional plagiocephaly (2-5). An evidence-based Ger-
man guideline is lacking to date.

Pathogenesis

At birth, the cranial sutures have not yet fused, so that
the cranial bones can move when passing through the
birth canal and the skull may rapidly increase in size
post partum. The crucial force in this setting is the
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Facial asymmetry

Positional deformational plagiocephaly (according to Argenta)

Type 1: Type 2: Type 3:
Unilateral flattening Forward shift Forehead prominence
of occiput of the ear on the same side as the flattening
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or vertical growth of occiput
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Type 2:
Flattening Widening
of the entire occiput of the occiput

Positional deformational brachycephaly (classified after Argenta)

Type 3:
Compensatory widening of temporal
or vertical occipital growth

Figure 1: Classification of positional plagiocephaly and brachycephaly according to Argenta (20)

increase in the size of the cerebrum, whose volume
doubles within the first 6—7 months of life. The skull is
easily moldable in the first months of life, and
application of external force/pressure can lead to
deformity of the cerebral cranium as well as of the vis-
cerocranium. Placing a baby on its back can therefore
lead to unilateral flattening of the occiput (positional/
deformational plagiocephaly, DP) or symmetrical flat-
tering of the entire occiput (positional/deformational
brachycephaly, DB) (Figure 1).

Positional skull deformities have to be distinguished
from intrauterine or peripartum deformities, which
usually reduce spontaneously and quickly. For this
reason, the terms DP or DB should be used only from
the 6™ week of life; perinatal skull deformities can turn
into positional symmetries.

Risk factors

In the pathogenesis of positional skull deformities,
prepartum, peripartum, and postpartum risk factors
play arole (Table 1).

Limited intrauterine space or forced abnormal intra-
uterine positioning have been discussed as predis-
posing factors (9, 10). This could explain why the
incidence doubles in boys (9-13), who as a rule are
bigger than girls. Multiple births are also associated
with a higher risk (14).

Mobility restrictions of the cervical spine—for
example owing to torticollis or a bleed into the
sternocleidomastoid muscle as a result of birth
trauma—are additional risk factors for developing DP
(15). Torticollis is present in 20% of children with DP
but in only 0.1-2% of children with a symmetrical skull
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shape (14). Skull deformities are more common in
primiparous women and after ventouse or forceps
deliveries (11). Preterm birth or developmental
delays—possibly associated with a prolonged stay in an
intensive care ward—are further risk factors.

A preference for one side can develop as a result of
unilateral stimuli—for example, if the baby‘s feeding
position is never changed (16). Our own studies have
shown that 8% of children younger than 16 weeks had a
favorite side; in about half of cases the result was
unilateral flattening of the occiput. By contrast, breast
feeding has a protective effect because it means chang-
ing position during feeding (16). As has been described
previously, consistently putting infants to sleep in the
supine position is also a risk factor (11, 12, 17).
Ultimately, the pathogenesis and the underlying mech-
anisms of positional skull deformities have not been
fully explained (9).

Diagnostic evaluation
Usually the diagnosis of positional skull asymmetry is
possible only by means of a clinical medical examin-
ation (4, 5, 18, 19). The clinical presentation of DP
differs from that of DB (5). Argenta et al. undertook a
classification based on the clinical characteristics
(Figure 1) (5, 20, €3). The drawbacks of this classifi-
cation are that the severity of the individual abnormal-
ities is not reflected. This makes it difficult to assess
their course, among others. In addition to the clinical
description, the diagonal diameters, the position, the
width, and the circumference of the head are captured
by applying standard cephalometric measurements
using a tape measure and pelvimeter (5, 21). Such
measurements undertaken on the head directly, of an-
thropometrically defined landmarks, are reliable, but
may be riddled with errors in the case of restless infants
(22, e4). Moss and Mortenson et al. (e5, e6) define the
cranial vault asymmetry (CVA) (Figure 2, eFigure 1) as
the difference between the largest and smallest diago-
nal diameter of the skull. A CVA <3 mm is regarded as
physiological, a deviation between > 3 mm and < 12
mm is regarded as a mild to moderate asymmetry, and a
deviation of >12 mm counts as a moderate to severe
asymmetry (5) (Figure 2). Whereas the CVA is
measured without defined angles, Loveday et al. (e7)
defined the so-called cranial vault asymmetry index
(CVALI). To this end, two diagonals are used, which are
angled bilaterally by 30° to the median sagittal plane.
The CVAI results from the difference in length of these
two diagonals, which is divided by the longer diagonal.
Values below 3.5% are regarded as physiological (5).
In order to capture the skull‘s three-dimensionality,
radiation-free surface scanning procedures can be used,
among which 3-D stereophotogrammetry has been
found to be a fast, reproducible, and precise method (4,
23). Synchronized photographic cameras with an expo-
sure time of below 1.5 ms generate a 3-D image of the
head that is free from radiation and artefacts. These
data sets are used for extended diagnostic evaluation,
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TABLE 1

Predisposing (risk) factors

Prenatal factors

Male sex

Primiparous mother

Young parents

Low educational status

Forced abnormal intrauterine positioning
Perinatal factors

Obstetric interventions (ventouse, forceps)
High birth weight

Prematurity

Large head circumference

Postnatal factors

Supine position

Restricted head movement, torticollis
Preference for one side

Bottle feeding without changing position
Little “tummy time*

Developmental delay, little activity

72
45
32
27
18

45
37
32
23

63
45
37
27
27
23

follow-up, and also as a matrix for creating individually
made cranial orthoses (23). Plaster impressions of
babies‘ heads are regarded as obsolete in this day and
age.

If uncertainty prevails even after careful clinical
examination, ultrasonography can be undertaken in
order to establish the diagnosis (4, 5, 18, 19). Within
the first 13 months of life, open skull sutures can be
distinguished from fused sutures with a high degree of
reliability (e8). The next step, which is required in rare
cases of doubt only, consists of a two-plane skull x-ray.
In the diagnostic evaluation of positional skull
asymmetry, no justifiable indication exists for com-
puted tomography scanning, which incurs a substantial
radiation burden (4, 5, 18, 24).

Differential diagnostic evaluation

For the purposes of differential diagnostic evaluation,
positional skull deformities have to be distinguished
from premature fusion of the skull sutures (cranio-
synostosis) (15).

In this setting, the premature unilateral fusion of the
lambdoid suture, accompanied by unilateral flattening
of the occiput, can be mistaken for DP (eFigure 2). If
looking at a unilateral lambdoid suture synostosis from
above, the head has a trapezoid shape. In DP, however,
the shape resembles a parallelogram, resulting from a
possible protrusion of the forehead (frontal bossing) of
the side of the flattened occiput. The occipital aspect in
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Figure 2: a) Schematic depiction of cephalometric measurements (see also eFigure 7). The solid line shows the measurement of the cranial
vault asymmetry (CVA) according to Moss and Mortenson et al. (5, e6), based on the difference between the largest and smallest diagonal
diameter. The dotted line shows the measurement of the cranial vault asymmetry index (CVAI) according to Loveday et al. (€7), based on two
diagonals that are both angled at 30° to the mid-sagittal plane. b—f) Stereophotogrammetric images (top view) with differing cranial vault
asymmetry (CVA). Even though the image cannot visualize all clinical signs, compensatory prominence of the forehead and compensatory
widening of the skull with increasing degrees of severity are clearly recognizable.

synostosis of the lambdoid suture shows a
parallelogram-like shift, caused by the contralateral
protrusion [bossing] of the parietal region and the
inferior displacement of the petrous bone, with the
ipsilateral ear shifted downwards (15, 23). In DB, the
occipital aspect will usually show a normal shape of the
head.

In rare cases, unilateral synostosis of the coronal
suture can be mistaken for DP. In unilateral coronal
synostosis, a top view shows ipsilateral reduction of the
sagittal skull length. Contralaterally, frontolateral boss-
ing of the forehead is seen. Furthermore, ipsilateral
convex facial scoliosis is seen, with the face deviating
to the opposite side of the affected suture and the char-
acteristic ipsilateral orbital deformation. These signs
are usually of differential diagnostic value (19).

Pathogenesis and spontaneous course

An association between positional skull deformities
and developmental delays has been the subject of con-
troversial discussion (15, €9, e10). Motor developmen-
tal delays have been reported most often (25, 26). A
fundamental problem of all studies of this topic is the
question of whether a developmental delay is the cause
or the consequence of a skull deformity (25). Robust
data are thus far lacking. Numerous studies have
methodological problems (non-homogenous groups of

patients, no control groups) and different influencing
variables (socioeconomic status, parents® IQ, individ-
ual support, among others) (15). These criticisms were
considered by Weissler et al. (26). They regard a devel-
opmental delay only as a risk factor, not as a conse-
quence of a positional skull deformity. An association
with raised intracranial pressure has not been described.

The extent to which positional asymmetries affect
the development of mandible/maxilla, teeth, and
possible malocclusions has not been studied to a satis-
factory degree. An association between DP and lateral
crossbite is possible, but has not been confirmed (21).

The observed rise in incidence lasts up to the 4™
month of life; over the following period, up to the 24™
month of life, the incidence decreases (7, 8). According
to some reports, the incidence falls to 3.3% at age 2
years (7, 13). A recent prospective epidemiologic study
from the Netherlands found mild asymmetries in 5.5%
of children aged 5.5 years; the proportion of moderate
to severe skull deformities was 1% (8). A study includ-
ing 14-17 year olds who had been born after the recom-
mendation for putting babies to sleep on their backs had
been published found a prevalence of 2.1% (27).
Unfortunately the study had not collected data on the
possible burden caused by the existing asymmetry. It
therefore remains unknown which criteria contribute to
a favorable or unfavorable spontaneous course.
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TABLE 2

Diagnostic evaluation, prevention, and treatment of positional skull deformities

Diagnostic evaluation

Clinical examination - Always
— Because of typical skull changes, the diagnosis is

mostly certain

—In unclear cases
- Up to the 13™ month of life this is highly reliable

Ultrasound exam of the skull sutures

Two-place skull x-ray - Inrare cases of doubt

Prevention*'

- Cost-effective and effective measure

- Avoidance of favorite side, supporting the less
favored side

- Placing babies on their tummies while observing
(“tummy time®)

— Instruction for sticking to the recommendation for
placing babies in a supine position (prophylaxis of
sudden infant death)

Informing/educating and instructing the parents

Therapy* Optimal timing
Positioning therapy — Positioning on both sides/placing baby on the — After a skull deformity has been identified
non-affected side - Very successful especially before the
— Do not use cushions as positioning aids 4" month of life
Physiotherapy - Eliminating existing restrictions to movement — Start as early as possible, <6™ month of life

— Possible therapeutic approaches following Bobath
or Vojta (36)

- Additional helmet therapy if asymmetry parame-
ters have not improved after 4 months

- Controlling growth in order to correct existing skull
deformities

— Early start of treatment improves results

Cranial remolding orthosis (baby helmet therapy)
— Immediate baby helmet therapy if = 7" month of

- Worn 23 hours/day
- Good compliance crucial for therapeutic result

life and severe asymmetry at the same time

*! Prevention should be undertaken early in all children.

*2 Treatments should be initiated in a timely manner and build on one another, in the best case scenario..

The largest fluctuations in existing studies on inci-
dence and spontaneous disease course can be explained
by different ages or different methods (clinically
descriptive or cephalometric) at the time of data collec-
tion, as well as differently composed patient popu-
lations (26).

Few studies assume that the existing asymmetries
will improve or normalize completely without
treatment, most of the studies recommend therapy
according to stage (4, 26, 27, ell, el2).

Prevention

Providing parents with relevant information/education
and preventive measures are simple, economical, and
effective options for preventing positional skull
deformities (4, 5, 28).

The consultation with the parents should also pro-
mote understanding of the possible development of a
positional skull disorder, and thus its prevention. Even
though in positional skull deformities, psychosocial
considerations are key, no conclusion is possible about
any further reaching consequences (26).

Making physical contact from varying angles has a
preventive effect—such as when holding the child or
by changing the orientation of the bed vis-a-vis window
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or door. In addition to such changes when making
physical contact, the less favored side can be intention-
ally supported as a corrective and thus therapeutic
measure (4, 5, 28). The child may develop a favorite
position if the parents prefer a particular side. This
might explain the fact that the right side is more often
affected, as most parents are right-handed.

Placing awake infants on their tummies for 3-30
minutes every day (,,tummy time*) while keeping them
under observation also reduces the risk of developing
positional skull deformity (15, 29, 30).

Therapy

The therapeutic  spectrum includes different
approaches, which build on each other provided the
therapy starts early (Table 2) (4, 5, 31). On the back-
ground of different wishes and ideas or parents®
expectations of a beautifully shaped head, medical and
cosmetic aspects will have to be balanced carefully.

Positioning

The simplest therapeutic approach is positioning treat-
ment, delivered by the parents. Useful in this setting,
before the 4™ month of life, is actively positioning the
baby, while lying on its back, from side to side or
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Figure 3: Child wearing cranial remolding orthosis, Arrows show space for growth

placing it towards the side of its head that is not
affected. In moderate DP, this might be sufficient for
the shape of the head to normalize (4, 32).

Positioning aids, such as cushions, have been de-
scribed in some studies as useful therapy, comparable
or even superior to physiotherapy (33, e13). However,
the valid guidelines for preventing sudden infant death
make explicit mention of the fact that infants® beds
should be free of any pillows, cushions, and the like
(2-4). Positioning treatment is unequivocally recom-
mended, whereas the advice is against using position-
ing aids (4, 5).

Physiotherapy

Movement restrictions of the head are often the cause
of DP, and for this reason they should be treated early
on (34). Even though the literature does not provide an
optimal start date for therapy, the CNS guidelines rec-
ommend the early uptake of additional physiotherapy
or manual therapy to reduce the incidence and
prevalence of DP (32, 33, 35). Appropriate forms of
physiotherapy include passive stretching or therapeutic
approaches following Bobath or Vojta (36). The
relevant guidelines contain detailed explanations of the
physiotherapeutic approaches. Physiotherapy adminis-
tered in addition to positioning therapy or use of a
cranial orthosis shortens the duration of therapy and
improves the results in severe cases (4, 35). Infants
younger than 6 months with a CVA <10 mm should in-
itially be treated only by using positional therapy and
physiotherapy (31). In a study including 4378 children,
77.1% of existing asymmetries normalized as a result

30).

Cranial orthoses (cranial molding therapy or helmet therapy)
An individually made cranial orthosis that fits without
exerting pressure remolds physiological growth by

permitting growth in areas that are deficient and in-
hibits it in areas where it is too prominent (Figure 3).
This enables passive harmonization of the head. The
orthosis is worn 23 hours a day (26). Possible risks of
cranial orthosis treatment include skin irritations and
pressure sores (37). Problems caused by the orthosis‘s
own weight (ca. 150—180 g) are not to be expected (37).
We are not aware of any studies of possible psycho-
social impairments of children owing to a cranial ortho-
sis. The costs for cranial remolding orthosis therapy are
about € 2000 (6).

Compared with positioning therapy and physio-
therapy, cranial orthoses reduce existing deformities
more efficiently and quickly (4, 31). The only ran-
domized study on that topic does, however, not show
any benefit for baby helmet therapy compared with
positional or physical therapy (38). However, the study
excluded more severe skull deformities, which reduces
its validity (4, 26, 38). The largest—but retrospec-
tive—study shows that orthosis therapy is superior
(95% normalization of asymmetries) to positioning
therapy and physiotherapy (77.1%) (31). If the
diagnosis is made early, positioning therapy and
physiotherapy may be sufficient. In such cases, baby
helmet therapy should be started only if the asymmetry
parameters have not improved after 4 months (31).
Further prospective randomized studies are needed.

Although the treatment of DP notably improves the
CVA, the ear axis is mostly corrected to a rather lesser
degree (23). For the duration of baby helmet therapy,
continuing physiotherapeutic measures, especially if
movement impairments persist, make sense. In prin-
ciple, therapy using cranial orthoses is recommended in
pronounced skull deformities around the 6™ month of
life (4, 5, 23, 39). Recent studies have found, however,
that in severe forms, an earlier start is associated with
better results (4). Therapy can be started up to the end
of the 1% year of life, although such a late start of treat-
ment may hamper the therapeutic success (4, 5, 31, 39).
While bearing in mind growth dynamics, hitherto un-
treated infants beyond the 7™ month of life with a CVA
>12 mm or a clearly visible deformity should be treated
immediately with an orthosis (4, 31).

Surgery for positional skull asymmetries is not jus-
tifiable, except for extremely rare indications stemming
from cosmetic-social considerations (5, 26).

Conclusion

When treating positional skull deformities, the earliest
possible and stage-appropriate intervention is of
essence.

In addition to initially explaining the problem to the
parents, targeted positional measures and physiothera-
peutic interventions can be effective therapies.
Treatment using remolding cranial orthoses is very ef-
fective but should be reserved for therapy-resistant and
severe forms.

Parents® worry about positional skull deformities
should never lead to disregarding the sensible advice
for putting babies to sleep on their backs (4, 40).
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KEY MESSAGES

® Among the risk factors for positional skull deformities
that are most frequently mentioned in the literature are
male sex, baby placed on its back for sleep,
primiparous mother, obstetric measures (ventouse,
forceps), restricted head movement (torticollis),
preference for one side, and high birth weight

® Mostly, clinical examination is sufficient for making
a diagnosis. In less clear-cut cases, additional cranial
ultrasonography can be undertaken to check the degree
of fusion of the skull sutures. Two-place radiography is
required in only very rare cases of doubt. Because of
the radiation load, computed tomography scanning is
not justifiable

® After a diagnosis has been made, early and stage/
grade-appropriate therapy should be initiated.

® Positioning therapy and physiotherapy can be used for
all grades of severity of positional skull deformity,
whereas treatment using a cranial remolding orthosis
should be undertaken only in severe cases or those that
were diagnosed late.

® Even though placing an infant on its back favors the
development of positional skull deformities, the
recommendation stands that babies should be placed in
a supine position in order to avoid sudden infant death.
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eFigure 1: Cephalometric measurement of the diagonal diameter by means of pelvimetry

Positional plagiocephaly

Lambdoid suture synostosis

eFigure 2: Clinical distinction between right-sided positional deformational plagiocephaly (DP) and right-sided unilateral lambdoid suture synostosis (LS)

Left: DP — top view shows parallelogram-like shift; back view shows normal shaped head
Right: LS — top view shows trapezoid shaped head; back view shows parallelogram shaped head
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