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Background
The presentation of a child with an 
abnormal head shape can be challenging 
and should be met with an appropriate 
clinical approach. Craniosynostosis is a 
common cause of paediatric skull 
deformity and is best managed by a 
multispecialty tertiary referral unit with 
regular follow-up. As craniosynostosis 
frequently requires time-sensitive surgery, 
it is important to differentiate between 
craniosynostosis and common self-
limiting conditions such as deformational 
plagiocephaly.

Objective
The aim of this article is to outline the 
clinical approach to paediatric skull 
deformity in the general practice setting, 
and to highlight the importance of early 
referral if there is clinical suspicion of 
craniosynostosis.

Discussion
Parental concern regarding infant head 
shape is common. General practitioners 
(GPs) have an important role in 
assessment, diagnosis and referral for 
paediatric skull deformities. GPs are well 
placed to clinically differentiate between 
deformational plagiocephaly and 
craniosynostosis and provide timely 
referrals to optimise patient outcomes.

THERE IS A WIDE SPECTRUM of normal head 
shapes, and parental concern regarding 
the shape of their infant’s head is common. 
Newborn head shapes are varied and 
influenced by intrinsic factors such as 
parental head shape, sex and ethnicity, and 
external factors including fetal moulding, 
prematurity, prolonged labour and 
instrumented deliveries. Consequently, 
newborn head shapes are challenging to 
assess accurately.

Parents with concerns regarding their 
child’s head shape often first present to 
general practitioners (GPs). GPs play 
an important part in providing first-line 
assessment, reassurance and referral if 
craniosynostosis is suspected to allow 
time-sensitive treatment options to be 
considered.

Craniosynostosis
Craniosynostosis is the most common 
paediatric skull deformity requiring 
specialist craniofacial intervention and 
often initially presents as an abnormal head 
shape. Craniosynostosis is the premature 
fusion of one or more cranial sutures, which 
causes skull growth restriction in the plane 
perpendicular to the involved suture, with 
compensatory overgrowth parallel planes.1 
This results in distinctive head shapes 
(Figure 1), which can help determine the 
involved suture(s) and lead to a diagnosis.2 

Occurring in one in 2000–2500 
live births,1,2 craniosynostosis is a 

heterogeneous condition classified as 
either non-syndromic (arising as an 
isolated issue in an otherwise healthy 
infant) or syndromic (occurring with 
multisystem extracranial anomalies). 

Non-syndromic craniosynostosis arises 
without extracranial dysmorphisms. It 
can involve one or more sutures and can 
present with a wide range of head shapes 
depending on the sutures affected and 
the extent of fusion.3 The most common 
presentation is when only a single suture, 
most commonly the sagittal suture, is 
involved.4 The cause of craniosynostosis is 
incompletely understood, but the condition 
is believed to occur early in gestation. The 
pathogenesis may involve developmental 
errors during embryogenesis, intrauterine 
skull compression, genetic factors and/or 
teratogens.2,3 

Syndromic craniosynostosis is rarer and 
accounts for between 9.9% and 18.3% of 
all craniosynostosis cases.5 It frequently 
involves multiple sutures, and children 
present with a wide range of affected 
extracranial organ systems. There are over 
200 known craniosynostosis-associated 
syndromes including Muenke, Apert and 
Crouzon syndrome.6

Deformational plagiocephaly
Deformational plagiocephaly is the 
most common cause of abnormal head 
shape and an important differential 
to consider in all infants with head 
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shape abnormalities. Deformational 
plagiocephaly arises as a result of repeated 
external pressure to an infant’s skull for 
an extended time period before or after 
birth,7,8 for example, sleeping supine 
without altering position. 

Some craniosynostosis forms, 
notably unilateral lambdoid synostosis, 
may produce a similar head shape 
to deformational plagiocephaly, and 
differentiating between them can 
be challenging.9,10 Deformational 
plagiocephaly is self-limiting, and the head 
shape begins to improve as the child grows 

and spends less time lying down. Surgery is 
almost never indicated for deformational 
plagiocephaly, so differentiating it from 
craniosynostosis is very important. 

Conservative management for 
deformational plagiocephaly consists of 
counter-positioning and physiotherapy. 
Counter-positioning measures include 
increasing tummy time and moving the cot 
or placing a night light so that the infant 
is encouraged to look in the direction 
opposite to their neck turning. Torticollis 
may also be associated with deformational 
plagiocephaly. Torticollis is a condition 

in which the sternocleidomastoid muscle 
is tight resulting in an abnormal neck 
posture. This can cause the child to have a 
head tilt or turn preference. Torticollis can 
lead to occipital flattening on the opposite 
side of the head to the neck stiffness. If 
the GP finds neck tightness suggestive of 
torticollis, referral to neonatal or paediatric 
physiotherapy can provide stretches that 
may be effective (Box 1).

Clinical approach to a child with 
an abnormal head shape
The vast majority of cases of single-sutural 
craniosynostosis can be diagnosed by 
clinical examination alone. Expert clinician 
assessment is a sensitive, accurate and 
low-risk diagnostic method.9,11

GPs have an important role in the initial 
assessment of a child with an abnormal 
head shape. The purpose of the initial 
clinical assessment is to differentiate 
infants who clearly have deformational 
plagiocephaly and those who may 
be presenting with craniosynostosis. 

Figure 1. The various distinctive head shapes in the axial plane showing types of 
craniosynostosis, and deformational plagiocephaly

Sagittal
synostosis

Lamboid
synostosis

Unilateral coronal
synostosis

Bilateral coronal
synostosis

Metopic
synostosis

Deformational posterior 
plagiocephaly

Normocephaly

Box 1. Conservative strategies for 
the management of deformational 
plagiocephaly

•	 Encourage supervised tummy time.
•	 Alternate the baby’s head position 

during day sleeps; it is important to note 
that the use of pillows in the cot is not 
recommended as this is not SIDS safe.

•	 If bottle feeding, alternate the preferred 
feeding arm that the baby lies in, so 
that the baby must turn their head more 
towards the bottle. 

•	 Turn the pram so that the child is facing 
forward towards the world to enhance 
visual and audio stimulation. This will 
encourage more active head turning.

•	 Use a low-back highchair and move the 
highchair position to encourage the baby 
to turn to look around.

•	 Encourage carrying or sitting the baby out 
of the pram/capsule to relieve external 
pressure on the head.

•	 Refer to a paediatric physiotherapist 
if there is evidence of torticollis. 
Physiotherapists can also help with 
teaching positioning techniques to parents.

SIDS, sudden infant death syndrome
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A thorough history from the parents 
should include when the head shape was 
first noted to be different, changes in head 
shape over time, prenatal history and 
developmental history including motor 
development to elicit factors that may 
contribute to decreased exposure to prone 
positioning. A careful clinical examination 
of head shape is critical, as overall shape 
is important in determining the diagnosis. 
Measurement of head circumference 
should be conducted with the use of 

paediatric growth charts to track serial 
measurements over time. It is important 
to note that the crossing of centiles is more 
informative than isolated measurements. 
Patients should also be examined for 
torticollis by including neck turning in 
the detailed history from parents and 
assessing active range of motion of the 
neck by having the child turn their head 
each way to look at an object. The key 
differences between the two conditions 
are outlined in Tables 1, 2 and 3.

If deformational plagiocephaly is 
diagnosed, GPs should inform parents, 
reassure them that the condition is 
self-limiting and provide strategies to 
avoid further external pressure (Box 1). 
Deformational plagiocephaly may be 
challenging to diagnose because of its 
wide spectrum of presentations. A guide 
to the clinical approach in the general 
practice setting is shown in Figure 2, while 
presentations that should prompt suspicion 
of craniosynostosis are outlined in Table 1. 

Table 1. Comparison of deformational plagiocephaly and craniosynostosis

Deformational plagiocephaly Craniosynostosis

Cause External pressure to skull
•	 Back sleeping
•	 Restricted intrauterine environment
•	 Muscular torticollis
•	 Prematurity 

Premature fusion of cranial suture(s)

History Not usually present at birth; usually presents after 
three months of age

Present at birth

Risk factors Developmental delay (eg hypotonia)
Torticollis
Hip spica cast
Sleeping supine

Family history in some cases

Diagnosis Clinical examination Clinical examination
Radiological imaging in select cases

Head shape Parallelogram Rhomboid

Ear displacement Present, anteriorly Present, towards the affected suture

Frontal bossing Ipsilateral Contralateral

Bulging mastoid Absent Present in lambdoid craniosynostosis

Palpable ridge Absent May be present

Torticollis May be present Not related/no association

Head circumference Normal rate of head growth May have slowing of head growth

Management May be managed by general practitioner/paediatrician
Counter positioning of head
Early referral to physiotherapy 
If concerns, refer to craniofacial unit for assessment 
and/or helmet therapy

Referral to craniofacial unit; review by a multidisciplinary 
team including plastic surgeons; neurosurgeons; 
ophthalmologists; nurses; geneticists; genetic 
counsellors; dentists; orthodontists; maxillofacial 
surgeons; speech pathologists; neuropsychologists; 
ear, nose and throat surgeons; social workers; sleep 
physicians and clinical photographer
Cranial expansion surgery

Natural history Worsens over the first four months Appears to remain stable in many cases

Improves as the child becomes mobile and child’s neck 
tone improves (eg once the child learns to roll, sit) 

Will not improve with time 
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If craniosynostosis cannot be excluded or 
head shape is severely affected, a prompt 
referral to a multidisciplinary paediatric 
craniofacial team at a tertiary centre is 
required. Severe cases of deformational 
plagiocephaly may benefit from moulding 
helmet therapy, and referral to a specific 
helmet service may be warranted. The 
use of helmet therapy for the treatment 
of deformational plagiocephaly remains 
contentious, and proof of their clinical 
benefit is not universally accepted.12

Measurements
Anthropometric measurements form 
part of the physical examination. The 

two measurements most often reported 
are the head circumference and 
cephalic index.

Head circumference is measured with 
a flexible, non-stretchable measuring 
tape. With the child positioned 
appropriately, the tape is placed around 
the head at points just above the 
eyebrows, above the ears and around the 
occipital prominence at the back of the 
head. The tape is pulled to compress the 
hair, and the measurement is recorded to 
the nearest 0.1 cm. 

Cephalic index measurement requires 
spreading calipers, making it challenging 
and unlikely in a general practice setting. 

Cephalic index = (Maximum head width/
maximum head length) × 100 

Moreover, while cephalic index and head 
circumference may have some applications 
as a diagnostic and outcome measure, high 
intra-observer and interobserver variability 
is a significant problem. Further natural 
variation of the craniofacial norm has 
resulted in debate over the value of cephalic 
index as a meaningful measurement.13

Referral
Craniosynostosis is a complex condition 
and is managed at a multispecialty tertiary 
referral unit. The multidisciplinary 

Table 2. Three-dimensional photogrammetry images of the various types of craniosynostosis

Front Side Back Top

Sagittal 
synostosis

Metopic 
synostosis

Unicoronal 
synostosis

Unilateral 
lambdoid 
synostosis
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team includes a diverse and large 
group of clinicians. Among them are 
plastic surgeons, neurosurgeons, 
ophthalmologists, paediatricians, dental 
specialists, geneticists, nurses, speech 

therapists, neuropsychologists and social 
workers.1,14 Regular follow-up throughout 
childhood is necessary to monitor for head 
growth, development and the late onset of 
occult raised intracranial pressure (ICP).

GPs have a key role in referring patients 
to an appropriate craniofacial unit. While 
referral is appropriate at any age, early 
referral ensures maximal treatment 
options are available.2

Table 3. Three-dimensional reconstructed computed tomography scans of the various types of craniosynostosis and 
deformational plagiocephaly

Front Side Back Top Description

Sagittal 
synostosis

•	 Elongation in the 
anterior–posterior axis

•	 Shortened biparietal 
distance

•	 Frontal bossing
•	 Occipital coning 

Metopic 
synostosis

•	 Triangular-shaped head
•	 Narrowed and pointed 

forehead
•	 Broadening of occipital 

skull
•	 Hypotelorism

Unicoronal 
synostosis

•	 Forehead flattened on 
affected side

•	 Forehead more projected 
on the unaffected side

•	 Asymmetry in 
appearance of eyes (one 
eye more ‘open’)

•	 Deviation of root of nose 
towards affected side

Unilateral 
lambdoid 
synostosis

•	 Occipital flattening and 
asymmetry

•	 Ipsilateral ear and 
mastoid displaced 
downward

•	 Head shape from 
above may resemble 
a trapezoid

•	 Asymmetry of 
cranial base 

Deformational 
plagiocephaly

•	 Parallelogram shape 
of head 

•	 Ipsilateral ear and 
forehead displaced 
anteriorly

•	 Ipsilateral occipital 
flattening accompanied 
by contralateral occipital 
bossing 
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History

•	 Was unusual head shape present at birth?
•	 Has head shape changed or remained stable?
•	 Has it worsened or improved?
•	 Prenatal history
•	 Family history of similar conditions
•	 Developmental milestones
•	 Any other identifiable anomalies

Examination

•	 Observe head shape from top down, sides, front and back
•	 Feel for anterior fontanelle – present or absent? Small or 

large? Soft or firm?
•	 Feel sutures – is there a ridge or is it flat? Metopic ridge? 

Overriding or visible sutures?
•	 Signs of syndromes involving craniosynostosis 

(eg syndactyl [fused digits], dysmophic facial features)

Deformational plagiocephaly

•	 A parallelogram-shaped head when viewed from 
the top down

•	 Present, soft fontanelles
•	 No obvious ridging or visible sutures
•	 Anterior displacement of ipsilateral ear
•	 Head tilt
•	 May coincide with torticollis
•	 Contralateral facial flattening

Craniosynostosis

•	 An abnormal head shape that coincides with the 
shapes in Figure 1

•	 Vary widely depending on which suture is involved
•	 Absent, firm fontanelles
•	 Overriding or visible sutures with obvious ridging; 

may have metopic ridge
•	 Signs of syndromes involving craniosynostosis 

(eg syndactyl, dysmorphic facial features)

Measurements

•	 Head circumference
•	 Plot growth on growth chart
•	 Measure cephalic index with calipers if possible

•	 Refer to a multidisciplinary team by 8–10 weeks of age 
to ensure patient has maximal options for intervention 
if needed

Confirm the cause is likely deformational 
plagiocephaly

Unable to exclude craniosynostosis

•	 Review again within 4–6 weeks
•	 Discuss conservative measures to reduce external pressure
•	 Physio referral if torticollis is present
•	 Consider referral to a helmet therapy service if head shape 

is severe

Figure 2. Flowchart for clinical approach for general practitioners
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Imaging
While imaging modalities such as 
ultrasonography, X-ray and computed 
tomography (CT) are available, there 
is no evidence they provide additional 
diagnostic or treatment benefit. Instead, 
they may result in unnecessary radiation 
exposure, sedation risk and financial 
cost.15 Studies have found more than 
two-thirds of craniofacial surgeons in the 
USA routinely obtain imaging for every 
case.16 However, in many other units, 
imaging is only indicated in challenging 
cases without an obvious clinical 
diagnosis.11 In these cases, a low-dose 
non-contrast CT scan is the diagnostic 
imaging of choice.

In cases of suspected craniosynostosis, 
it is recommended that GPs contact the 
referral centre prior to organising imaging 
to avoid unnecessary radiation exposure 
and referral delay.

Treatment
Reasons for treatment
Surgical intervention for craniosynostosis 
aims to return the cranium to a shape 
within normal range and reduce the risk of 
raised ICP. 

While uncorrected craniosynostosis 
tends not to lead to worsening deformity, 
the abnormal cranial form does not 
improve with growth or time.17 This 
carries an immense psychosocial burden 
on patients, especially during emotional 
development in adolescence.2,18,19 Doumit 
et al found skull deformity was the reason 
for treatment in 63% of patients, while 
raised ICP was the cause for 33% of 
patients, and mental disability the cause 
for 4% of patients.20 Treatments that 
normalise overall appearance improve the 
psychosocial domains of social interaction, 
peer support networks and psychiatric 
disease frequency.10

The association between raised ICP 
and craniosynostosis remains contested. 
While the exact rate of raised ICP in 
craniosynostosis is unknown, estimates 
suggest a range from 4.5% to 24% 
without treatment.21 The cause of raised 
ICP in craniosynostosis is incompletely 
understood. Potential causes include 
growth rate differences between fused 

skull and underlying brain, blood 
flow changes, cerebrospinal fluid flow 
anomalies and brain parenchymal 
differences.22 In syndromic cases, raised 
ICP can be exacerbated by obstructive 
sleep apnoea because of the severe 
midface hypoplasia often present in 
these conditions.23

While the effect of surgery in reducing 
raised ICP risk is unknown, it is generally 
accepted that surgery reduces the overall 
risk. Despite this, a minority of patients 
may later develop raised ICP, which can, 
if untreated, lead to optic nerve atrophy, 
failure to thrive and associations with 
neurodevelopmental delay.10,24 Therefore, 
all patients with craniosynostosis should 
continue regular follow-up with a 
multidisciplinary team into early adulthood.

Treatment approaches
There is a wide range of surgical 
approaches for craniosynostosis, with 
no consensus on an optimal method.20 

Surgical approaches generally can 
be divided into early, more limited 
procedures and later, more extensive 
remodelling procedures. Notably, in the 
past decade, less invasive procedures 
have become increasingly popular.3 
More limited approaches such as 
strip craniectomy or spring-mediated 
cranioplasty are useful in patients under 
four months of age.25 These approaches 
often require thin, malleable calvarial bone 
with a maximal potential for growth and 
for the re-ossification of post-operative 
bone defects.3 For older patients, larger, 
more comprehensive operations including 
total cranial vault remodelling and fronto-
orbital advancement are available.25 These 
procedures are often deferred until later 
ages to allow for lower anaesthetic risks 
and a larger circulating blood volume. Still, 
there is no consensus on the ideal timing 
of total vault remodelling procedures.

Treatment timing
Optimal treatment time and the ideal 
operative window is debatable. Surgery 
before 12 months of age can reduce 
potential impacts on crucial brain 
development, raised ICP risk and skull 
base deformities.10,26 Bone is also easily 
remodelled, and infants are able to 

ossify craniectomy defects that occur 
with surgery. However, there is a larger 
anaesthetic risk and risk of haemorrhage. 
Conversely, at 12 months of age or older, 
bone becomes mineralised and difficult to 
remodel, yet more stabilised and requires 
less future growth prediction and potential 
surgical overcorrection.25

Consequently, surgical timing depends 
on patient factors, such as age and bone 
maturity,25 and informed opinion, with 
most surgeries performed between three 
and 12 months of age.3 These variations 
mean different specialist units may have 
vastly different treatment protocols. Early 
referral is essential to allow specialist 
centres the most flexibility and choice 
with treatment options.

Future diagnostic directions
Three-dimensional photogrammetry 
is a recent, reliable, non-invasive 
measurement that can accurately 
quantify head volumes to objectify 
clinical treatment outcomes.27 Unlike 
conventional radiography, it can be 
conveniently performed in the clinic 
with no radiation or anaesthetic risk, 
and the results are comparable to CT 
in severe craniosynostosis and overall 
appearance assessment.28 It is especially 
effective in very young infants because 
of their minimal hair and thin scalp skin, 
allowing closer visualisation of the skull 
shape. Complex three-dimensional 
photogrammetry has become 
commonplace in many craniofacial units.

The accuracy of three-dimensional 
photogrammetry lessens with age as 
children develop more hair and thicker 
skin. There is also no visualisation of cranial 
vault and brain, impairing its usefulness in 
assessing intracranial pathology.28,29

Exciting future advances such as 
machine-learning applications have 
the potential to be able to aid in the 
diagnosis of craniosynostosis, especially 
when combined with three-dimensional 
photography. Breakthroughs in camera 
technologies and computer processing 
are resulting in the miniaturisation of 
the equipment required to produce 
three-dimensional photography. Perhaps 
in the future user-friendly phone 
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applications will deliver three-dimensional 
photogrammetry to a wide range of health 
professionals and become routine in 
general practice,27 making craniosynostosis 
identification easier and more reliable.30

Key points
•	 Parents presenting with concerns 

regarding their child’s head shape 
are common.

•	 Deformational plagiocephaly is a 
common presentation and must 
be distinguished clinically from 
craniosynostosis.

•	 Suspicion that a child is presenting 
with craniosynostosis warrants urgent 
referral to a specialist multidisciplinary 
paediatric service, as surgical 
interventions are age specific.
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