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ABSTRACT

Objective: Since the Back to Sleep campaign in 1992, the incidence of positional plagiocephaly continues to increase 
substantially. A body of work is emerging linking positional plagiocephaly to neurodevelopmental delay, including 
data that reveals a physical shift in brain parenchyma in response to skull asymmetry. This review assesses the 
nature of the relationship between these neurodevelopmental delays and positional plagiocephaly.  Method: A 
literature search was required to answer the clinical question. Pubmed, Medline and The Cochrane Library were 
searched using the mesh terms: ‘plagiocephaly, nonsynostotic’ and ‘growth and development’ in conjunction 
with the terms: ‘neurodevelopmental delay’, development’ and ‘delay’. After the relevant inclusion and exclusion 
criteria were applied, 12 studies were reviewed.  Results: Positional plagiocephaly has shown a defined link to 
neurodevelopmental delay in infants. The effect is seen more prominently in motor skills during infancy and the delay 
has been noted to extend into preschool age children. Plagiocephaly patients are more likely to have altered muscle 
tone. No correlation was seen between the severity of the skull asymmetry and the level of neurodevelopmental 
delay experienced by the child. Conclusion: The data suggest correlation but not necessarily causation. It is also 
possible that pre-existing neurodevelopmental delay may be the cause of positional plagiocephaly. In most cases it 
is likely to be a combination of the risk factors of supine sleep, lack of prone awake time, variable muscle tone, low 
activity levels, male gender and neck muscle dysfunction that attributes to the delays that have been recognized in 
these infants.
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Introduction
Chiropractors are involved in the diagnosis and treatment 
of neuromusculoskeletal disorders affecting the pediat-
ric population, and as such may note varying degrees of 
skull deformity in infants during the physical examination. 
There are anecdotal findings which suggest this is wide-
spread and that it generally responds well to conservative 
care.  However, apart from the more obvious cosmetic con-
cerns, many parents and practitioners are becoming con-
cerned about the developmental challenges these children 
may face in their future. 

A case in point was a mother who reported to the chiroprac-
tor that her 8-week old infant would only look to his right 
hand side when placed supine. She presented photographs 
she had taken of her child’s head shape over the preceding 
weeks and explained that she was worried that the progres-
sive flattening was escalating. From the physical examina-
tion as well as the photographic evidence, it was clear that 
her child was developing a unilateral flattening of the right 
occipital bone with associated right sided frontal bossing 
and facial asymmetry.

Although the cosmetic effect was discussed, being an occu-
pational therapist herself, the mother’s concern lay chiefly 

with possible developmental delay associated with this 
condition and if the severity of the deformation related to 
the level of delay her child may face. 

The clinical question became: “Is positional plagiocephaly 
associated with neurodevelopmental delay in infants and 
toddlers?”

Background
The term plagiocephaly derives from the Greek words 
‘Plagios’ meaning oblique and ‘Kephale’ meaning head.1 

The literature divides plagiocephaly into two distinct sub-
groups: synostotic and non-synostotic.2,3,4 

Synostosis, a congenital condition involving the premature 
fusion of one or more cranial sutures, has an incidence of 
3.5 -4.5 per 10 000 live births world-wide.5 Although the 
pathogenesis is not well understood, it is believed to be re-
lated to abnormalities of the osteoprogenitor cells within 
the cranial sutures themselves.6 

Non-synostotic skull asymmetry is a subgroup in which the 
infant skull shape and symmetry are measurably abnormal 
yet their cranial sutures are apparent, normal and exhibit 
no early signs of fusion as in the synostotic group.7 The in-
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cidence of this group has been measured as slightly under 
20% within the population, it peaks at four months and de-
creases to around 3.3% at two years of age.8 The hallmark of 
non-synostotic skull asymmetries is that they develop as a 
result of uneven mechanical pressures being applied to the 
cranial bones of the infant skull.9

Flexible sutures and malleable cranial bones are required 
during birth to allow the human head to navigate the birth 
canal and also through the first seven months of life as it is 
during this rapid growth period that the infant’s cerebel-
lar volume doubles.10 However, it is this same mobility and 
plasticity within the structures of the infant cranium that 
allow for deformation if compressed, for instance, against 
mother’s pelvic rim or lumbosacral spine during the last 
months of intrauterine life.11 The cranium may also be af-
fected by uneven pressures associated with the birthing 
process or positional stress in the postnatal period.7 How-
ever, asymmetries occurring during the intrauterine peri-
od, or perinatally tend to reduce spontaneously in children 
without impaired motor delay12 and so the diagnosis of 
positional plagiocephaly (PP) can only be applied from the 
sixth week of life.10,12

The typical presentation of infant PP includes unilateral oc-
cipital flattening with associated anterior translation of the 
ipsilateral ear, cheek and ipsilateral frontal bossing result-
ing in a parallelogram shape, with the head shifted forward 
on the side of occipital compression.1,13 Other presentations 
of skull asymmetries include brachycephaly, a bilaterally 
flattened occiput resulting in a short skull anterior to poste-
rior10 and scaphocephaly, with a head shape resembling an 
inverted boat with a keel elongated anterior to posterior.14

PP has become the most frequent condition presenting to 
craniofacial clinics15 and is counted as the leading cause of 
skull asymmetries in infants.16 A major causative factor, has 
been the enforced supine sleep protocol prescribed by the 
Back to Sleep campaign initiated in 1992 by the American 
Association of Pediatricians in a relatively successful bid 
to curb cases of sudden infant death syndrome.15,17 An un-
intended consequence of the campaign has been unremit-
ting, constant pressure on the occiputs of sleeping children 
leading to a six-fold increase of PP cases with almost 50% 
of western infants observed to have some degree of skull 
deformity.1

Previous authors have labelled PP as purely cosmetic,7 yet 
a growing body of work suggests the possibility of neuro-
developmental impact on these infants.9,11,18 There is limited 
information however as to the effect the severity of the PP 
plays in these delays.19 Evidence does exist to suggest that 
cortical structures can ‘shift’ in response to PP deformities9 

revealing findings of a shortened corpus callosum and a 
greater height and height-width ratio of the cerebellar ver-

mis seen in PP cases. Although these cortical aberrations 
have been observed, it is not understood if they would have 
any functional effects on the neurodevelopment of these in-
fants. 

Method
The electronic databases Pubmed, Medline and The Co-
chrane Library were searched. The two Mesh terms: ‘pla-
giocephaly, nonsynostotic’ and ‘growth and development’ 
were searched with the Boolean operator ‘AND’. The fol-
lowing searches cross referenced ‘plagiocephaly, nonsyn-
ostotic’ with ‘neurodevelopmental delay’, development’ 
and ‘delay’. Studies were included if they were conducted 
in English and involved human subjects only. Studies were 
excluded if they involved cases of synostosis, other con-
genital anomalies or involved otherwise ill infants. Studies 
conducted prior to 1992 were disregarded as those subjects 
would not have been under the influence of the Back to 
Sleep campaign. To be of sufficient quality to be included 
in the review, studies had to make use of a validated scale 
when assessing developmental delay. As there is no one 
validated measure of head circumference, all types of re-
liable measurement were included. Case studies were not 
included and trials had to involve more than 20 subjects. 
The initial database search yielded 40 articles with five oth-
ers obtained through hand searches. Duplicates were re-
moved and records were screened for their content leaving 
a remainder of 23. These articles had their full text assessed 
leading to resulting in 12 studies being included for review. 
See Figure 1.
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Figure 1: Flow chart of article identification process.

Results 
The results are tabulated in Table 1. Regarding exposure 
measures, anthropometric (manual) two dimensional mea-
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Author

Kordestani et al. 2006

Fowler et al. 2008

Kennedy et al. 2009

Hutchison et al. 2009

Speltz et al. 2010

Hutchison et al. 2011

Hutchison et al. 2012

Collett et al. 2013

Knight et al. 2013

Fontana  et al. 2016

Martiniuk et al. 2017

Hussein et al. 2018

Participants

110

49 pairs

27 pairs

287

235 case
237 control

129

126

224 case
231 control

21

27

19 articles in sys-
tematic review

155

Cranial Measures

Radiographically 
confirmed (RC)

RC

Non-specific 
measurements. (NSM)

Head Circumference, 
Neck Range of Motion, 
Headsup! Method using 
photography to assess CI

Three dimensional head 
photographs(TDHP)

Used Headsup! To 
measure CI, Oblique 
Cranial Length Ratio 
(OCLR)

Used Headsup! To 
measure CI, Oblique 
Cranial Length Ratio 
(OCLR)

TDPH

Argenta

Cranial Vault Asymmetry 
(CVA)

various

Anthropometric values of 
Cranial Index (CI), Cranial 
Vault Asymmetry Index 
(CVAI)

Developmental 
Measures

BSID-2

Hammersmith Infant 
Neurologic Assessment 
(HINA), ASQ

Alberta Infant Motor 
Scale (AIMS), Peabody 
Developmental Motor 
Scale (PDMS)

Ages and Stages 
Questionnaire (ASQ)

BSID-3

ASQ-3

ASQ-3

BSID-3

BSID-2

BSID-3

various

Bayley Scales of Infant 
Development 2. (BSID-2)

Outcomes

PP show significant delays 
in mental and psychomotor 
development

PP have statistically different 
overall neurological scores. 
Predominantly in tone

PP motor scores mirrored non PP 
patients. 

PP frequently seen with neck 
muscle dysfunction. Significantly 
higher rate of delay with PP 
compared to ASQ average. 
Neither severity nor type of head 
abnormality associated with 
delays.

PP associated with 
Neurodevelopmental delay, most 
evident in motor function. Degree 
of delay and severity of PP were 
not shown to correlate.

Follow up at 3-4 years of age. 
Developmental delays in infancy 
associated to PP improve 
dramatically at 3 to 4 years of age. 

PP shows marked delay in early 
infancy, largely gross motor issues. 
But reduce as they approach 12 
months

Preschool children (36 months) 
with history of PP have lower 
developmental scores than 
controls.  

PP showed weaker motor skills 
than average. 

Delay in motor and language. 
Severity of PP did not correlate to 
level of delay

PP is a marker of elevated risk of 
developmental delays. 

Statistically significant 
neurodevelopmental delay in PP. 
No definitive relationship between 
severity of PP and degree of 
developmental delay. 
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surements, as used by Hussein et al.19 and Fontana et al.21 
are the oldest objective measure of PP.12 They are often diffi-
cult to perform especially with fussy infants and have poor 
reproducibility.22 Speltz et al. and Collett et al. both used 
3D imaging to diagnose PP.9,24 Although this method gener-
ates good data, it is difficult to use in day to day practice 
because of expense.25 However, Nahles et al. showed no dis-
cernible differences when the two aforementioned methods 
were compared for accuracy and both methods were well 
accepted.12 

The Headsup! Methodology used by Hutchison3,18,26 made 
use of oblique cranial length ratio, which is a recommended 
measure of PP.27 Knight et al. used the Argenta classifica-
tion20 which has been shown to have highly reproducible 
and reliable results.15,28 A drawback of the Argenta clas-
sification system is that severity of the individual abnor-
malities is not reflected.10 Kennedy et al., Kordestani et al. 
and Fowler et al. explained that PP was radiographically 
diagnosed but did not explain which measurements were 
taken.2,4,29 There is no standardization for head shape mea-
surement3 but the fact that all measures used are reliable 
increases validity. The heterogeneity of measurement types 
does however create a certain amount of limitation in terms 
of comparing the data. 

Regarding outcomes measures, only four of the 11 included 
trials involved control groups. The remaining studies com-
pared PP infant’s developmental outcomes against norma-
tive data supplied by the various developmental tests. The 
issue with using normative values is the possibility of de-
mographic bias, as normative values of specific tests may 
not represent infants in the sample group of the particular 
study, leading to incorrect outcomes.23,30 Normative data 
may be subject to the ‘cohort effect’.

All included studies, apart from one2, noted developmental 
delay in children suffering PP. When looking at subgroups 
within developmental delay, three studies noted the motor 
component to be the most affected,20,23,26 with one study find-
ing over 50% of cases to be associated with torticollis.3 One 
study found language development to be delayed but not 
cognitive function.21 Going forward it was seen that devel-
opmental delay associated with PP reduced as children ap-
proached 12 months26 and at follow up at three to four years 
of age, developmental delay associated with PP was seen to 
improve dramatically.18 Four separate studies reached the 
similar conclusion that the degree of developmental delay 
and the severity of PP were not seen to correlate. 

Discussion
The goal of this study was to investigate the published liter-
ature to determine any association of positional plagioceph-
aly (PP) with neurodevelopmental delay.  Studies predomi-
nately showed an association between the two conditions.  

Four of the twelve studies found none. Interestingly, four of 
the studies suffered from small population size. Small sam-
ple sizes are known to have reduced capacity to identify 
relationships between neurodevelopmental outcome and 
predictive factors.20 With this in mind, the data from these 
studies was weighed accordingly. Small sampling could be 
behind the contrary findings of no significant developmen-
tal difference between PP and non-PP infants.2

In terms of this review, the cohort effect relates to the effect 
the Back to Sleep campaign has on motor development as it 
is known that prone sleepers attain motor milestones faster 
than supine sleepers.31 Interestingly, Kennedy et al. found 
lack of prone awake time to be the hallmark of delay in both 
PP and non PP groups.2 The ASQ29, PDMS2 and BSID-24 
tests all suffer from the fact that they were developed be-
fore 1992 predating the time when widespread supine sleep 
protocols were the norm.3 ASQ-3, AIMS and BSID-3 were 
developed after Back to Sleep26 meaning these studies were 
potentially prone to less demographic bias. In conjunction 
with ASQ, Fowler et al. used the HINA assessment but did 
not explain if the examiner was trained in this type of as-
sessment.29 Most studies fell short in one or other aforemen-
tioned areas. However the standard of methodology across 
most studies was deemed to be of moderate to high level.30

Special mention must be made of torticollis, as it is often as-
sociated with PP2 and may be a major predisposing factor in 
PP, excluding brachycephaly.19 Torticollis is present in 20% 
of children with PP but only 0.1-2% of children with nor-
mal skull shape.32 Whilst it may impair motor development, 
however, Speltz et al. found that torticollis was not linked 
to neurodevelopmental delay in and of itself.23 

The theoretical idea that the resulting shift in the shape of 
brain parenchyma in response to PP skull asymmetry af-
fects neurodevelopmental delay, does not correlate with the 
findings that PP severity is not linked to level of delay in in-
fants.19,20 Severity of PP cannot, therefore, be used as a use-
ful indicator of level of neurodevelopmental functioning. 

While there is majority consensus that PP infants are more 
likely to suffer developmental delay, it is not a given that 
the cause itself is the skull asymmetry.12 Collett et al. pos-
tulated from their data that PP may be the end result of 
the combination of positional practices and neurodevelop-
mental vulnerability.24 Their findings also included previ-
ously undiagnosed PP children mistakenly placed in their 
control group as also scoring lower on the BSID-3 which 
strengthens the link whilst minimizing possible bias. The 
Fowler et al. findings of abnormal muscle tone, making it 
more difficult for these children to reposition themselves 
and so more likely to develop deformations, is consistent 
with this premise.29 
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The evidence-based outlook on PP according to the avail-
able data should be to treat PP as an early marker of devel-
opmental risk that is evidenced before delay fully manifests 
and is testable.24,30 The Collett et al. finding that neurodevel-
opmental delay is still evident up to 36 months of age in PP 
children adds further weight to the need for early screening 
and prevention.24

Conclusion
The data consistently shows an association between posi-
tional plagiocephaly and neurodevelopmental delay in in-
fants which manifests in delayed early motor skills. How-

ever, when viewed in context, the link seems to be more 
a correlation than a causation. It is also possible that the 
causative relationship is reversed in many cases where pre-
existing delayed development makes infants vulnerable to 
PP owing to their lack of mobility. In most cases it is likely 
to be a combination of supine sleep, lack of prone playtime, 
variable tone, low activity levels, male gender and neck 
muscle dysfunction that results in the delays that are seen 
on testing in PP infants.
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