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Pitfalls for the Pediatrician:
Positional Molding or Craniosynostosis?
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s many as one-quarter of single

births and more than half of

twins are born with abnormal
head morphology.® A variety of causes,
including intrauterine crowding, passage
through the birth canal and vacuum- or
forceps-assisted delivery, have been im-
plicated in these cranial deformations.*
The majority of these infants, however,
will have complete resolution by age 2,
with normal development of the cranio-
facial skeleton.’

Craniosynostosis, on the other hand,
does not resolve, and early recognition
and surgical correction is essential for a
satisfactory outcome. Beginning in the
early 1990s with the American Acad-
emy of Pediatrics recommendation to
place infants on their backs to sleep to
decrease the risk of sudden infant death
syndrome, there has been a dramatic in-
crease in the incidence of occipital pla-
giocephaly, or positional molding. In the
majority of cases, the skull deformity is
mild, a diagnosis of positional molding
is made easily, and appropriate treat-
ment is initiated rapidly. On occasion,
however, pediatricians may encounter
difficult situations that are resistant to
traditional treatments, leading them to
question the diagnosis and seek subspe-
cialty opinions.

This article provides an overview of
the nomenclature, epidemiology, and
etiology of craniosynostosis, including
a review of the literature in these areas.
The most common types of craniosynos-
tosis are discussed, as well as appropri-
ate treatment strategies for each. Finally,
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diagnostic criteria distinguishing cranio-
synostosis from positional molding and
the use of helmet therapy are reviewed
in detail.

DEFINITION AND HISTORY

Craniosynostosis is the premature fu-
sion of one or more sutures of the skull. It
may occur as an isolated primary abnor-
mality, as part of a syndrome, or second-
ary to a systemic disorder. Craniosyn-
ostosis has many different classification
systems. Perhaps the most useful is to
distinguish simple, or nonsyndromic,
craniosynostosis from complex, or syn-
dromic, craniosynostosis. More than 150
different syndromes described by genet-
icists involve craniosynostosis, but most
are esoteric and rarely seen by pediatri-
cians. Therefore, this report will focus
on simple craniosynostosis, which is the
most common type. Syndromic and sec-
ondary forms of craniosynostosis (eg,
from metabolic disorders, microcephaly,
and others) will not be discussed.

As early as 1791, Sommering! recog-
nized the role of premature calvarial su-
ture fusion in the pathogenesis of prima-
ry craniosynostosis. Several years later,
Virchow? further advanced the concept
and characterized the dysmorphologic
sequelae of individual suture fusion.
Cranial growth occurs as a direct result
of the growing brain. An infant’s brain
doubles in volume in the first 6 months
and again by age 2. If all cranial sutures
are open, the skull allows the brain to
grow normally. Once a suture becomes
fused, however, growth perpendicular

to that suture becomes restricted and
compensatory growth occurs at the re-
maining open sutures. Premature suture
fusion may involve the sagittal, metopic,
coronal (unilateral or bilateral), or lamb-
doid (unilateral or bilateral) suture (Fig-
ure 1, see page Xxx).

There are six principal clinical
manifestations of craniosynostosis, cat-
egorized predominately by the result-
ing head shape. As noted by Virchow,
characteristic head shapes (named with
Greek or Latin derivatives) will depend
on which sutures are involved. Sagit-
tal craniosynostosis results in scapho-
cephaly or a “boat shaped” head (also
known as dolicocephaly), with increased
anteroposterior length and decreased bi-
parietal diameter. Metopic craniosyn-
ostosis presents as trigonocephaly or a
“triangular” head, with a narrowed an-
terior cranial fossa. Unilateral coronal
craniosynostosis causes anterior plagio-
cephaly or a “twisted head,” with flat-
tened ipsilateral forehead and ipsilateral
fronto-orbital bar recession. Analogous-
ly, unilateral lambdoid craniosynostosis
causes posterior plagiocephaly, with
ipsilateral flattening of the occiput and
contralateral occipital bossing. Bilateral
coronal craniosynostosis results in ante-
rior brachycephaly or a “short head” due
to reduced anteroposterior length of the
anterior cranial fossa. Multiple suture in-
volvement results in more complex head
morphologies such as Kleeblatschadel
(cloverleaf skull) or oxycephaly (tower-
ing and cone-like cranium).



EPIDEMIOLOGY

The incidence of primary craniosyn-
ostosis has been reported to range from
0.3 to 1.4 per 1,000 births.!'""!> Much of
the variability stems from differences in
the diagnostic criteria used at individual
centers, although an average incidence
of 0.5 per 1,000 births is quoted widely.
Multiple-suture craniosynostosis —ac-
counts for about 14% of all cases, while
between 9% and 15% of cases are asso-
ciated with craniofacial syndromes.®!°
There is no racial predilection for cra-
niosynostosis, but individual suture in-
volvement often presents with a strong
gender bias. Sagittal craniosynostosis,
for instance, is more frequent in males,
who account for between 70% and 90%
of cases. On the other hand, coronal cra-
niosynostosis has a slightly higher inci-
dence among females, who account for
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between 55% and 70%.%'° A series by
1.!% indicates that bilateral in-
volvement of the coronal suture accounts
for much of this female predilection,
with 76% of bicoronal craniosynostosis
occurring in females, as compared with
the more modest 54% female majority in
unicoronal craniosynostosis.

Sloan et a

Primary involvement of the sagittal
suture is the most frequently encoun-
tered Craniosynostosis.
Most reports indicate an occurrence of
between 40% and 60% of all cases.'
Coronal craniosynostosis accounts for
between 17% and 24% of cases.'* The
percentage of craniosynostosis cases re-
ported to involve the metopic suture is
roughly 10%,'®!7 although numbers as
low as 4% and as high as 50% have been
reported in the literature 31418 Lamb-
doid suture involvement is seen in 0.9%
to 4% of cases.!”? One must keep in
mind, however, that premature closure
of a lambdoid suture accounts for less
than 5% of posterior plagiocephaly cas-
es, which is overwhelmingly more often

single-suture

positional in nature.!%?

While the majority of craniosynos-
tosis is sporadic, genetic patterns have
been demonstrated in 8% of patients
with coronal involvement and in 2% to
5% of those with sagittal involvement.?!
Given the sporadic nature of single-su-
ture craniosynostosis, it is difficult to
predict accurately the subsequent risk,
although it appears to double for sib-
lings. In addition, a number of discrete
genetic syndromes, namely Crouzon,
Pfeiffer, and Apert syndromes, produce
complex craniosynostosis. These vari-
ants, however, are much less common
and account for less than 15% of all pa-
tients with craniosynostosis.

ETIOLOGY AND PATHOGENESIS
While a complete understanding of
the etiology of craniosynostosis is un-
available, current theories implicate
both environmental and genetic influ-
ences. The heterogeneous nature of cra-

niosynostosis is reflected, in part, by the
diverse environmental factors that have
been reported to be associated with its
development. A small sample of these
environmental factors includes maternal
smoking, increased antenatal maternal
altitude, and certain paternal occupa-
tions, such as agricultural and mechanic
work.?>? Most of these associations
have not been confirmed with large-scale
studies, and the mechanism by which
these environmental factors predispose
the fetus to develop craniosynostosis is
unknown. The intrauterine environment
also has been implicated in the develop-
ment of craniosynostosis. The current
thinking is that mechanical stress on the
developing cranium due to intrauterine
head constraint is causative in at least
some cases.?6?’

At a cellular level, the neural crest-
derived precursor cells of the cranial
bones form discrete condensations by
the middle of the first trimester.”® As
these condensations expand and ossify,
sutures form at the leading edges of ad-
jacent calvarial bones. A paradigmatic
shift in our understanding of the patho-
genesis of craniosynostosis emerged as
it became appreciated that diffusible
factors from the underlying dura are
necessary for this initial formation and
maintenance of sutures.”” Expansion of
the cerebral hemispheres likewise is es-
sential to the maintenance of suture pa-
tency. Thus, microcephaly predictably
leads to early suture closure whereas
hydrocephalus prolongs suture patency.
Studies have shown that sutures are sites
of bony adaptation that normally allow
for cranial expansion, compliance, and
adaptability well into the third decade of
life.?® Premature suture fusion, generally
occurring before birth, severely disrupts
this developmental program.

Recent advances in molecular medi-
cine have allowed a better understand-
ing of craniosynostosis via identification
of candidate genes and their mutations.
Mutations in the genes encoding the fi-
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Figure 1.Schematic overview of the most common types of craniosynostosis. Restriction of growth at a specific suture will prevent growth perpendicular to
the involved suture and lead to compensatory growth at unfused sutures.

broblast growth factor receptors-1, -2,
and -3 (FGFR-1,-2,-3) are known to be
associated with specific craniosynostotic
syndromes, including Apert, Crouzon,
and Pfeiffer syndromes.**3! Nonsyn-
dromal sporadic and familial forms of
craniosynostosis likewise have been as-
sociated with FGFR mutations. Because
FGF receptors have been shown to pro-
mote skeletogenic differentiation of neu-
ral crest cells, it is likely that there is a
causal link between mutations in FGFR
genes and altered development of the
craniofacial skeleton. In addition, upreg-
ulation of transforming growth factor-
beta expression has been demonstrated
in the dura underlying prematurely
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fused sutures.’> Although research ef-
forts in this area have focused primarily
on FGFR and transforming growth fac-
tor, a number of other factors have also
been implicated, including MSX2 and
TWIST [SPELL OUT OR DEFINE].3334
Alterations in these growth factors have
been observed in patients with nonsyn-
dromic craniosynostosis, and it has been
suggested that at least a subset of these
patients carry cytogenetically undetect-
ed mutations in the aforementioned can-
didate genes.

The intimate interaction between
genetic and environmental factors in
the pathogenesis of nonsyndromal cra-
niosynostosis has been elucidated by a

number of recent studies. In these stud-
ies, intrauterine fetal head constraint
was found to be necessary and sufficient
to cause craniosynostosis in the genetic
background of a novel FGFR-2 gene
mutation.>® Hunenko et al.’’ also dem-
onstrated a potential link between genes
and environment in the pathogenesis
of craniosynostosis, demonstrating up-
regulation of transforming growth fac-
tor receptors type I and II and FGFR-2
in mouse sutures subjected to in utero
head constraint. The prevalence of en-
vironmentally induced craniosynostosis
in the setting of predisposing mutations,
however, remains unknown. The factors
involved in the development of the cra-



Figure 2a
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surgically corrected sagittal craniosynostosis.

niofacial skeleton are manifold, but deci-
phering the complex processes involved
will undoubtedly expand our therapeutic
options for the treatment of craniosynos-
tosis in the future.’®

DIAGNOSTIC CONSIDERATIONS
Craniosynostosis that develops in ute-
ro can be diagnosed by routine prenatal
ultrasonography in the second and third
trimesters.**0 Specific syndromic and
familial cases of craniosynostosis also
may be detected by fetal genetic testing.
In most cases, however, a diagnosis of
craniosynostosis will be made in early
infancy during well-baby checkups or
when obvious defects in head morphol-
ogy become a source of concern for the
parents. A definitive diagnosis of non-
syndromal single-suture craniosynosto-
sis usually can be made after a thorough
history and physical examination, and

Figure 2.(A) Three-dimensional reconstruction of a CT scan demonstrating sag-
ittal craniosynostosis. (B) Preoperative and (C) postoperative photographs of

further testing is
most often un-
necessary.

At a mini-
mum, the elicit-
ed history should
include informa-
tion concerning
significant pre-
natal events (ie,
breech presenta-
tion), the method
of delivery, the
preferred sleep-
ing position of
the infant, and
the existence
of a family his-
tory of cranio-
synostosis  or
abnormal head
shape. The clini-
cal examination
should assess for
asymmetries and
malformations

in all anatomical

regions of the
infant. As previously outlined, charac-
teristic head morphologies are predic-
tive of specific premature single suture
fusion. A careful viewing of the infant’s
head from all angles should be done,
as should palpation of the calvarium,
which may reveal bony ridging at the
fused suture(s). Palpation of the anterior
fontanelle may reveal a triangular rath-
er than diamond shape in infants with
unilateral coronal, sagittal, or metopic
craniosynostosis (Figure 1). Head and
facial deformity, torticollis, scoliosis,
congenital hip dislocation, pelvic oblig-
uity, rib cage molding, and other signs of
generalized asymmetry in infancy often
present together and should be noted.*!
Extremities and digits should be exam-
ined as particular syndromic forms of
craniosynostosis present with syndac-
taly (eg, Apert syndrome). Finally, pas-
sive and active neck range of motion

should be evaluated to evaluate possible
torticollis.

Plain skull radiography often is used
to confirm a clinical diagnosis of cra-
niosynostosis. This modality can be
unreliable, however, as it often fails to
demonstrate any sutural fusion in the
presence of craniosynostosis, and it can
be interpreted as being abnormal when
no true pathology exists. Radiographic
findings indicative of craniosynostosis
include bone bridges across the suture,
suture sclerosis, suture straightening and
narrowing, or suture obliteration.*>*3

Computed tomography (CT) scan-
ning with bone windows offers superior
views of sutural pathology, and is war-
ranted when skull radiography is equiv-
ocal. Brain windows may also reveal as-
sociated intracranial pathology such as
evidence of increased intracranial pres-
sure or agenesis of the corpus callosum,
although magnetic resonance imaging
should be obtained if there is clinical
suspicion of such pathology. Three-di-
mensional CT scanning has emerged as
a useful tool in surgical planning and
evaluation of complicated suture pathol-
ogy, but is not essential for making a di-
agnosis of craniosynostosis.

SURGICAL TREATMENT

Most children with craniosynostosis
will not manifest neurological compli-
cations or have an adverse long-term
cognitive outcome secondary to limita-
tions in calvarial growth. Thus, for the
majority of children with simple cranio-
synostosis, surgical intervention is un-
dertaken for cosmetic and psychosocial
considerations. However, it is important
to keep in mind that as many as 60% of
syndromic craniosynostosis patients and
up to 20% of nonsyndromic single-su-
ture craniosynostosis patients have been
reported to develop increased intracra-
nial pressure (ICP).%>° Infants diagnosed
with craniosynostosis and presenting
with papilledema, irritability, vomiting,
or fontanelle bulging may have elevated
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ICP. CT evidence of expanded subarach-
noid spaces is seen frequently in cranio-
synostosis but should not be the sole
indicator of elevated ICP, as it is highly
nonspecific in this population.

While expedited surgical interven-
tion is indicated in suspected cases of
elevated ICP secondary to craniosyn-
ostosis, the insidious nature of elevated
ICP development in infants with cranio-
synostosis generally permits physiologi-
cal adaptation such that the usual clini-
cal signs are not present. Elevated ICP,
whether clinical or subclinical, is the
presumed mediator of cognitive deficits
in the majority of children with nonsyn-
dromal craniosynostosis.®® Because it is
impossible to determine with certainty
the children who are likely to develop
increased ICP, surgical intervention of-
ten is performed.

When children present with clear
signs of elevated ICP or a severe calvar-
ial deformity, spontaneous resolution is
very unlikely, and these children are best
served by early surgical intervention.*”
3 When children present with mild to
moderate degrees of cranial deformity,
the decision to operate is more difficult,
and both the age and severity of the cal-
varial defect will guide decision making.
If the deformity is mild and the child is
approaching age 1, it is unlikely surgery
will be needed, as a mild deformity at 12
months is unlikely to become significant-
ly more pronounced. In these instances,
the decision to operate depends on the
family’s perception of the asymmetry
(which is likely to remain unchanged),
and consideration of psychosocial is-
sues that may be encountered during the
child’s life.

While there continues to be substan-
tial debate as to the timing of surgical
correction for craniosynostosis, the gen-
eral principle is that early surgical re-
lease produces the best long-term results
and minimizes secondary craniofacial
abnormalities. When surgery is per-
formed at an early age, however, the sta-
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Figure 3.Three-dimensional reconstruction of a CT scan demonstrating right unilateral coronal cranio-

synostosis. Note the “harlequin eye” deformity, or the upward and outward deviation of the orbit.

bility of cranial re-shaping and advance-
ments can be compromised secondary
to the softness of the bone. In addition,
regrowth of the removed bone can occur
and occasionally necessitate repeat sur-
gery. Most surgeons, therefore, balance
these concerns and operate between ages
3 and 12 months.

Myriad surgical procedures, ranging
from removal of the suture only to ex-
tensive cranial vault remodeling, have
been used in the treatment of cranio-
synostosis. Current surgical therapy in-
cludes resection of the involved suture
and correction of secondary facial and
calvarial abnormalities. Improvements
in techniques now allow for corrective
surgery with minimal morbidity (be-
low 10%) and mortality (below 1%).7-1°
In addition to the standard open tech-
niques, endoscopic techniques are be-
ing used increasingly with success in
young patients.”>>- Jimenez et al.'$>%
recently reported a series of 100 patients
treated with endoscopic techniques and
demonstrated safe and efficacious re-
sults. The decreased blood loss, reduced
need for transfusions, and shorter length
of stay make this procedure a promising
alternative to other more extensive pro-

cedures.

Sagittal Craniosynostosis

Sagittal craniosynostosis is the most
common type of single suture craniosyn-
ostosis. With an incidence of between
0.2 and 1 per 1,000 live births, it repre-
sents 40% to 60% of reported craniosy
nostosis.[REFERENCE] Between 75%
and 85% of cases occur in boys, and the
majority are sporadic. Secondary sagit-
tal suture closure also may be seen in in-
fants following shunting procedures for
hydrocephalus (approximately 1%).'6%°
Children with sagittal craniosynostosis
present with an elongated and narrow
skull. Depending on the degree of fu-
sion, frontal bossing and occipital pro-
trusion also may be seen (Figure 2, see
page Xxx).

Surgical management of sagittal cra-
niosynostosis has changed considerably
during the past 50 years. As early as
1892, approaches advocating the simple
removal of the pathologic suture were
proposed. Approaches have evolved
from minimal strip craniectomies to ex-
tensive total calvarectomies, and now
minimally invasive endoscopic and dis-
traction techniques.”? At the Children’s



Figure 4. (A) Three-dimensional reconstruction of a CT scan demonstrating metopic craniosynostosis.

9

(B) Preoperative and (C) postoperative photographs of surgically corrected metopic craniosynostosis.

Hospital of New York, we perform an
extended vertex craniectomy (ie, re-
moval of the sagittal suture and a strip
of bone 3 to 6 cm wide from the coronal
to lambdoid sutures) combined with bi-
lateral parietal osteotomies for patients
younger than 6 months. In infants older
than 6 months, significant pathology at
the skull base usually dictates a larger
procedure to be undertaken to provide
optimal correction. This is the rationale
for total calvarectomy and reconstruc-
tion in the setting of severe or late pre-
sentation scaphocephaly.>70-80

Coronal Craniosynostosis

Premature closure of a single coronal
suture will lead to anterior plagioceph-
aly, whereas bicoronal craniosynostosis
will lead to brachycephaly. Unilateral

coronal craniosynostosis occurs in ap-
proximately 1 in 10,000 live births and
accounts for 20% to 25% of all cranio-
synostosis.*® In addition, deformational
anterior plagiocephaly, similar to poste-
rior positional plagiocephaly, is seen oc-
casionally and has been reported to occur
in 17% to 24% of live births secondary
to in utero molding. This deformation is
frequently associated with other congen-
tial conditions thought to be the result of
inhibited fetal growth such as congenital
hip dysplasia, micrognathia, and torti-
collis.?®

Patients presenting with unilateral
coronal craniosynostosis have flattening
of the ipsilateral forehead with a recessed
fronto-orbital bar. When anteroposterior
growth is restricted across the closed
coronal suture, compensatory changes

take place along the contralateral suture.
A slight female predominance exists (ap-
proximately 60%), and both sutures are
affected equally. The presence of a “har-
lequin” appearance on skull radiographs
and reconstructed CT scans is caused
by superior elevation of the sphenoid
wing and is considered pathognomonic
for coronal craniosynostosis (Figure 3,
see page xxx). Strabismus also is com-
mon (50% to 60%) and results from a
shortened anterior skull base displacing
the orbital roof and trochlea, which con-
tributes to an imbalance of the superior
oblique muscle.8!82

As with sagittal craniosynostosis, pri-
mary indications for surgical correction
most often are cosmetic. However, con-
cerns regarding orbital symmetry and
strabismus are important when dealing
with coronal craniosynostosis. The goals
of surgical correction with unilateral
coronal craniosynostosis are to restore
the anterior fossa intracranial volume,
repair orbital deformities, and correct
growth restriction at the coronal and an-
terior skull base sutures.*

The surgical approach for both uni-
lateral and bilateral coronal craniosyn-
ostosis involves releasing of both coro-
nal sutures, reshaping bilateral frontal
bones, and advancing the orbital bar.
Although the proper timing of surgery is
still debated, surgical intervention com-
monly is performed between ages 3 and
10 months.® The majority of patients
with unilateral coronal craniosynostosis
have excellent outcomes after surgery,
whereas those treated for bicoronal cra-
niosynostosis may require secondary
surgery due to the frequent syndromic
association.®3%

Metopic Craniosynostosis

Premature fusion of the metopic su-
ture restricts the transverse growth of the
frontal bones, which results in narrowing
of the anterior cranial fossa and trigo-
nocephaly (Figure 4, see page xxx).%¢
Metopic craniosynostosis represents ap-
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proximately 10% of all craniosynostosis
and shows a male predominance of be-
tween 75% and 85%.'%7 Mild variants
of metopic craniosynostosis seem to
represent familial inheritance and have
been associated with CNS anomalies
and abnormalities of chromosomes 3,
9, and 11.17°1:8%-9% For example, Tubbs
et al.”! found a 30% incidence of Chiari
I malformation in the evaluation of pa-
tients with simple metopic ridges.

While the majority of patients have
simple metopic craniosynostosis, a sig-
nificant number (10% to 22%) may
manifest syndromal features and are at
additional risk for cognitive dysfunc-
tion.'®%87 Although single-suture cra-
niosynostosis has a low incidence of
mental retardation, metopic suture cra-
niosynostosis has the highest rate among
the subtypes of craniosynostosis.”*?> For
these reasons, an MRI usually is recom-
mended in patients with metopic cranio-
Synostosis.

Although under normal circumstanc-
es the metopic suture fuses around age 2,
recent reports suggest that it may close
earlier without causing deformity. Pre-
mature fusion of the metopic suture is
necessary but not sufficient for the devel-
opment of trigonocephaly. The degree of
trigonencephaly varies considerably and
will direct the need for surgical interven-
tion. Similar to coronal craniosynostosis,
surgical intervention is commonly done
between ages 3 and 10 months.>®

The goals of surgery are to increase
the volume of the anterior cranial fossa,
reshape the forehead, and advance the
superior orbital bar. Patients with a sim-
ple midline keel may best be served by
simple contouring of the frontal bone, as
opposed to those with significant trigo-
nocephaly and hypotelorism, who often
need orbital reconstruction and lateral
expansion.®® More recent modifications
propose radical treatment of the involved
sphenoid bone and simultaneous correc-
tion of hypotelorism.”>* For more than
90% of children, the long-term outcome
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TABLE.

Clinical Features of Lambdoid Synostosis
Versus Positional Molding

Abnormal Feature Lambdoid Synostosis | Positional Molding
Persistent positioning on one side Rare Invariable
Torticollis, tight SCM[SPELL OUT], or delay Absent Present

Bony riding along suture line Present Absent
Occipitomastoid bony protrusion Present Absent

Frontal bossing Contralateral Ipsilateral
Ipsilateral ear displacement Posterior Anterior
Geometric shape from vertex Trapezoid Parallelogram

is excellent.®97

LAMBDOID CRANIOSYNOSTOSIS
VERSUS POSTITIONAL MOLDING

The majority of posterior plagio-
cephaly seen today represents positional
molding or flattening without cranio-
synostosis. True craniosynostosis of the
lambdoid suture is a rare event with an
incidence ranging from 0.9% to 4% in
patients presenting with occipital flat-
tening. 3205661 Positional molding, on
the other hand, is very common and
has been found to have an incidence
of nearly 10% in the general popula-
tion.®? Positional plagiocephaly is seen
more frequently in boys than girls (ra-
tios between 3:120 and 3:263), is more
common on the right (70%), and is as-
sociated with torticollis. The increased
incidence of positional plagiocephaly
in recent years is attributable to parents
following the American Academy of
Pediatrics “Back to Sleep” positioning
recommendations aimed at decreasing
the risk of sudden infant death syndrome
instituted in the early 1990s.320:64-66 In-
fants placed in a supine sleeping position
appear to have increased predilection for
persistent flattening over one side of the
occiput, representing transient calvarial
deformation.

The differentiation between position-
al plagiocephaly and “true” lambdoid
craniosynostosis is important when de-
ciding the appropriate treatment course.

In the majority of cases, deformational
plagiocephaly can be differentiated from
lambdoid craniosynostosis on the basis
of history and physical examination. Im-
aging studies are unnecessary to make a
diagnosis in most cases (Table, see page
xxx). Children with positional molding
usually are born without significant flat-
tening but develop it over the first sev-
eral months with persistent positioning
on one side, especially if any torticollis
exists. Children with lambdoid cranio-
synostosis, on the other hand, often are
born with the occipital flattening and do
not have a history of unilateral position-
ing or torticollis.

On physical exam, children with
lambdoid craniosynostosis usually have
distinctive features including a trap-
ezoid-shaped head in association with a
posteriorly displaced ear when viewed
from the top of the head, a palpable
ridge over the suture line, and contralat-
eral occipital bossing. This is in contrast
to the parallelogram-shaped head, ipsi-
lateral frontal bossing, and anterior dis-
placement of the ipsilateral ear seen in
positional plagiocephaly (Figure 5, see
page xxx).

The management of deformational
plagiocephaly is conservative, with pre-
ventive counseling of parents, positional
maneuvers, and exercises. Preventive
counseling should include early discus-
sion with parents, encouraging them to
provide infants with time in the prone
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Figure 5.Three-dimensional reconstruction of a CT scan demonstrating the difference in geometrical
shape (parallelogram versus trapezoid) between positional molding and lamdoid craniosynostosis.

position while awake and supervised.
Beginning at birth, most deformational
plagiocephaly can be prevented by night-
ly alternating the supine head position
(left and right occiput) during sleep.** If
positional molding already exists, par-
ents should be counseled to change the
infant’s sleeping position with the goal
of placing the opposite side of the head
against the mattress. In addition, super-
vised “tummy time” while awake and
neck motion exercises should be encour-
aged if torticollis is present.

The majority of affected infants will
improve in 3 to 6 months, particularly
after they begin to sit up and spend less
time lying on the back of the head. If
there is progression of the deformation
or lack of improvement after a trial of
positional modification, then referral to
a subspecialist is appropriate.** A refer-
ral both enables diagnostic confirmation
and can expedite the initiation of defini-
tive management if required.

Cranial molding helmets or bands
are an option for children with severe

deformity that is refractory to positional
changes. The role of orthotic molding,
however, remains controversial and may
be of no additional benefit over reposi-
tioning.*> There are no randomized or
prospective clinical trials that demon-
strate convincingly that helmet therapy
offers superior cosmetic results to po-
sitional maneuvering in the long term.
Furthermore, helmet therapy is costly
and may not be well tolerated. If helmet
therapy is used, the best response occurs
between ages 4 and 12 months.** At the
Children’s Hospital of New York, we
tend to recommend helmet therapy only
for infants with extreme and unresolving
cases.

In contrast to the success of conserva-
tive treatment in children with deforma-
tional plagiocephaly, those with lamb-
doid craniosynostosis most often require
surgical intervention. While craniotomy
for expansion of the posterior cranial
vault is satisfactory in greater than 90%
of patients, some children with lambdoid
craniosynostosis have significant pari-

etal and frontal compensatory changes
that may require a more extensive re-
construction®® (Figure 6, see pages xxx).
The greatest improvement has been seen
in children operated on at early ages
(younger than 18 months).":%8

SUMMARY

Abnormal head morphology is com-
mon among infants and often leads par-
ents to ask their pediatricians for guid-
ance. While the vast majority of children
will have positional molding, early diag-
nosis and referral for surgical evaluation
are important in obtaining the best possi-
ble results for children who are affected
by craniosynostosis. While the primary
goal of such treatment is enhancement
of craniofacial cosmesis, surgical cor-
rection may also promote normal psy-
chosocial development and prevent
adverse neurobehavioral sequelae sec-
ondary to increased intracranial pressure
or impaired cerebral growth. The coor-
dination of a multidisciplinary team in
the setting of a center experienced in the
management of craniosynostosis will
assure the best possible results for each
patient.
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