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Abstract

Background: Plagiocephaly isdefined asan asymmetrical distortion of the skull, resulting in an obliquetrapezoid or parallelogram
head shape. Deformational plagiocephaly (DP) is caused by forces acting on one side of the back of the head, distorting normal
skull symmetry.

Objective: The aims of this systematic review and meta-analysis were to critically assess the evidence for nonobstetric risk
factors for DP and to make evidence-based recommendations for reducing the prevalence of DP.

Methods: The selection criterion was studies reporting risk factors for DP. Case reviews, case series, expert opinions, and
systematic reviews were excluded. PubMed and Web of Science were searched from August 21, 2010, to August 21, 2022.
Publication bias was assessed using funnel plots. Meta-analyses were presented using forest plots.

Results: A total of 19 studies (cohort studies: n=13, 68%; case-control studies: n=5, 26%; and cross-sectional studies: n=1, 5%)
with atotal of 14,808 participants were included. Of the 43 investigated potential nonobstetric factors, 16 (37%) were associated
with DP. Of these 16 factors, 12 (75%) had odds ratios (ORs) with 95% Cls not crossing 1: insufficient vitamin D intake (OR
7.15, 95% Cl 3.77-13.54), head position preference (OR 4.75, 95% Cl 3.36-6.73), bottle-only feeding (OR 4.65, 95% Cl 2.70-8.00),
reduced tummy time (OR 3.51, 95% CI 1.71-7.21), sleeping position (OR 3.12, 95% CI 2.21-4.39), fewer motor milestones
reached by the age of 6 months (OR 2.56, 95% CI 1.66-3.96), obesity (OR 2.45, 95% CI 1.02-5.90), maternal education level
(OR 1.66, 95% Cl 1.17-2.37), male sex (OR 1.51, 95% CI 1.07-2.12), formula feeding (OR 1.51, 95% CI 1.00-2.27), head
circumference (OR 1.22, 95% CI 1.06-1.40), and mechanical ventilation (OR 1.10, 95% CI 1.00-1.14). No evidence of publication
bias was detected.

Conclusions: This study provides a comprehensive assessment of the nonobstetric factors associated with DP and presents 11
evidence-based recommendations for reducing its prevalence. The primary limitation is that only publication bias was assessed.

Trial  Registration: PROSPERO  CRD42020204979;  https://www.crd.york.ac.uk/prospero/display_record.php?
ID=CRD42020204979

(Interact J Med Res 2024;13:€55695) doi: 10.2196/55695
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Introduction

Background

Plagiocephaly is defined as an asymmetrical distortion of the
skull resulting in an oblique trapezoid or parallelogram head
shape when viewed from the vertex position in the axial plane
[1]. The severity of skull asymmetry can range from minimal
focal flattening on one side of the cranial vault to severe
deformation affecting the entire crania vault, skull base, and
facial skeleton. Plagiocephaly arises via 2 main mechanisms:
prematurefusion of >1 of the cranial sutures (craniosynostosis)
or external mechanical forces acting on the cranial vault, which
results in a distortion of the normally symmetric craniofacial
skeleton (deformational plagiocephay [DP]).

In craniosynostotic plagiocephaly involving any of the paired
coronal or lambdoid sutures, the restriction of skull vault growth
occurs perpendicular to the fused suture (Virchow’s law) [2,3].
I solated craniosynostosisinvolving premature fusion of asingle
coronal suture results in an anterior plagiocephay with brow
retrusion on the affected side; similarly, craniosynostosis of a
single lambdoid suture will restrict posterior cranial growth on
the same side. The asymmetry is often accentuated as the
remaining unfused sutures expand to enable accommodation of
the rapidly growing infant brain. The mgjority of patients with
craniosynostosis do not have an identifiable genetic cause, but
this proportion isincreased in patients with >1 suture involved
[2,3].

Alternatively—and far more commonly—plagiocephaly is
caused by deformational forces acting on one side of the back
of the head, which distorts the normal symmetry of the skull in
the absence of skull growth restriction due to craniosynostosis
[4]. This deformity is characterized by a parallelogram-type
deformity. This appears clinically as mild to severe occipital
flattening, with or without ipsilateral anterior shift of the ear
and orbital involvement [5]. The flattening of the posterior
neurocranium, resulting from the external forces applied to the
head, has|ed to the condition also being referred to as“flat head
syndrome” [6]. The importance of external forces can be seen
in the close relationship between DP and sleeping position [7],
among other factors that may influence external head forces
[8-12].

Objectives

Since the 1980s, “back to sleep” campaigns have successfully
publicized the benefits of supine slegping for reducing the risk
of deep-related death, including sudden infant death syndrome
[13]. Although these campaigns reduced the incidence of sudden
infant death syndrome by 40%, an undesirable consequence has

been anincreasein the referrals of cases of DP, leading to more
referrals to specialist centers [14,15]. The majority of cases of

https://www.i-jmr.org/2024/1/e55695

DP will resolve without intervention, and surgical treatment is
not required [16]. However, in asubset of children, DP persists,
even into teenageyears[17]. Although physiotherapy and helmet
therapy may play arole in improving head shape and limiting
other long-term effects [18,19], understanding the factors that
increasetherisk of DP may help to prevent DP from devel oping.
The aims of this systematic review and meta-analysis were to
critically assessthe evidencefor risk factorsfor DP and to make
evidence-based recommendations for reducing the prevalence
of DP. Thisstudy was previously presented asameeting abstract
at the Royal College of Paediatricsand Child Health Conference
on June 15, 2021.

Methods

The study protocol, analysis, and reporting were conducted in
linewiththe PRISMA (Preferred Reporting Itemsfor Systematic
Reviews and Meta-Analyses) 2020 guidelines [20-22]. The
protocol wasregistered with PROSPERO (CRD42020204979).

Search Strategy

A search of PubMed and Web of Science was performed
covering the period from August 21, 2010, to August 21, 2022
(thisincluded aninitial search from August 21, 2010, to August
20, 2020, and an update search from August 21, 2010, to August
20, 2022, to ensure that the list of included studies was as up
to date as possible). The combination of PubMed and Web of
Science provides >97.5% coverage of published literature
[23,24]. To balance comprehensive coverage with a pragmatic
approach to ensure that the study was completed with limited
availableresources, additiona databases were not searched, and
hand searching and gray literature searches were aso not
performed. The search terms included “plagiocephaly” AND
“risk factor.”

Study Eligibility

Study titles and abstracts were screened and assessed for
relevance by a single reviewer (CRTH, NB, or AN).
Specifically, original studieswereincluded if they assessed risk
factors for DP. Studies in a non-English language, those
involving nonhuman subjects, and low-quality or nonoriginal
studies (meeting abstracts, reviews, case series, case reports,
and editorials) were excluded. Duplicates were identified by
assessing study titles and removed manually by CRTH. Full-text
review was performed after screening by a single reviewer
(CRTH, NB, or AN). Studies not reporting nonobstetric risk
factors for DP were excluded. Studies reporting preventive
measures such as tummy time were included. However, studies
involving treatments such as physical therapy and helmet
therapy were not included. As screening was performed by a
single reviewer, there were no discrepancies to be resolved.
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Data Extraction and Reporting

Dataextraction and reporting followed the PRISMA guidelines.
However, dueto resource limitations, datafrom eligiblefull-text
articles were extracted by a single reviewer (CRTH, NB, or
AN). The main outcomes of interest were odds ratios (ORS)
and risk ratios (RRs) with 95% Cls, or significant associations,
for risk factors for DP (or biomarkers for DP; eg, oblique
diameter difference index). These outcomes were split into
factors that were associated with DP and those that were not.
Other items extracted from the eligible studiesincluded authors,
country of study, funding source, study design, study aims, total
participants, percentage female, population assessed, age at
baseline, and selection criteria

Meta-Analysis
A meta-analysis of ORs and RRs for factors associated with

DPwas performed. Theinconsistency index (1%) and aQ statistic
for chi-square significance for specific df were calculated to
assess interstudy heterogeneity. Both fixed effects and random
effects were reported. P values for 95% Cls were calculated.

Hillyar et a

Excel (Microsoft Corp) and Prism (GraphPad Software) were
used for statistical analysis.

Funnd Plots

Publication bias was assessed using funnel plots of ORs and
RRs for DP risk factors against study precision (1/SE). The
Egger test for asymmetry was conducted using linear regression,
with P<.05 indicating publication bias [25].

Results

Overview

The searches of PubMed and Web of Science yielded 159
articles; after removing 35 (22%) duplicates, 124 (78%) articles
were screened based on abstract content. Of these 124 articles,
77 (62.1%) were not relevant. Full-text screening of the
remaining 47 articles resulted in the exclusion of 20 (43%)
irrelevant articles (these did not report nonobstetric risk factors
for DP), 3 (6%) non-English articles, and 5 (11%) articles that
werenot accessible. Thus, of theinitial 159 articles, 19 (11.9%)
were eligible for inclusion in this study (Figure 1). The
characteristics of the included studies are presented in Table 1.

Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram for study eligibility and inclusion.
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Table 1. Characteristics of the included studies.
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Study; Funding Study Study Partici- Popula= Ageat  Sdectioncrite- Out- Factorsassociat-  Factorsnot as-
country source design ams pants,n  tionas baseline ria comes ed with DP? sociated with
(% fe- sessed DP
male)
Aarnivdla  Almaand KA Retro- Toassess 155(51) Hedthy <72h  Hedthynew- ordand NRY Risk of devel-
eta [26]; Snellman spective risk fac- newborns from bornsborn be- RR< for oping DPwas
Finland Foundation cohort  torsfor birth tween Febru- . not associated
and TheFoun-  study thedevel- ary 2012 and risk Iac— withtorticollis
dation for Pedi- opment September gJIrDs or
atric Research, of DP 2013; new-
Finland and torti- bornswere ex-
collis cluded if they
had chromoso-
mal anoma-
lies, cleft lip
or palate, or
craniosynosto-
sis
Aarnivala Almaand KA Progpec- Toassess 99 (47) Headthy  Recruit- Healthy new- ORsand DPatage6mo Postionprefer-
eta [27]; Snellman tiveco- risk fac- newborns ed at bornsincluded RRsfor  associated with enceat age 6
Finland Foundation hort torsfor birth at birthresid- risk fac-  position prefer-  mo was not
study cranial ing within 20  torsfor enceandimbal- associated
deforma- minutes' driv- DP anceinheadro- withDPatage
tion by ing distance tationat age3 12 mo; there
measur- from Qulu mo; at age 6 Was no associ-
ing cra- University mo, DPassociat-  ation between
nia asym- Hospital; in- edwithreach- DPat age12
metry fants with ing fewer motor moandimbal-
from age craniosynosto- milestones at ancein head
3to0 12 sis, cleft lip age6mo; atage rotation at age
mo using and palate, or 12mo, DPasso- 3 mo; no asso-
3D syndromic ciatedwithposi- ciation with
stereopho- features were tion preference  DPwas aso
togram- excluded atage3moand observed for
metry imbalance in primary sleep-
head rotation at  ing position,
age3moand6 timespentin
mo; at age 12 carrier, bounc-
mo, DPassociat-  ers, or car
edwith fewer  seats, time
motor mile- spent proneon
stones and thefloor, paci-
spending more  fier use, ill-
timesupineon  ness history
thefloor at age (acute otitis
6 mo; position  mediaand
preference at conditions re-
age3moassoci-  quiring pro-
ated with DPat  longed hospi-
agel2mo;at  talization),
age6mo, DP  and duration
associated with  of full breast-
position prefer-  feeding
enceat age 3
mo and fewer
motor mile-
stones reached
at age 6 mo; at
age 12 mo, DP
associated with
position prefer-
enceat age 3
mo
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Study; Funding Study Study Partici- Popula= Ageat  Sdectioncrite- Out- Factorsassociat-  Factorsnot as-
country source design ams pants,n  tionas baseline ria comes ed with DP? sociated with

(% fe- sessed DP
male)
Ballardini  Pediatricde- Progpec- Toassess 283(53) Hedthy Allin-  Healthyin- ORsand Maternal and Maternal and
eta [28]; partment of tiveco- preva newborns fants: fantsbornat RRsfor infantrisk fac- infantrisk fac-
Italy the University  hort lence and mean term present-  risk fac-  torsassociated torsnot associ-
of Ferrarain  study risk fac- 116 ing at apublic torsfor withDPinclud- ated with DP
Ferrara, Italy torsfor (range  immunization DP ed maternal included in-
DPin 9.4- clinicin Fer- age, supine fant sex, mater-
full-term 12.9) raraat age8to sleeping posi-  nal origin, ma-
infants wk; in- 12 wk were tion,and head  ternal educa
fants included; in- position prefer-  tion level,
with fants affected ence breast milk
DP: by craniosyn- feeding,
mean ostosis, malfor- changing crib
11.7 mations, or end, tummy
(range  neurological time, and in-
10.0- diseases or struction
12.8) those admitted about tummy
Wk in- o the NICU® time
fants  ereexcluded
without
DP:
mean
116
(range
9.4-
12.9)
wk
Ifflaender  TheElse Crosss Toassess 195(48) Hedthy Mean Pretermin- ORsand Cranial vault No association
eta [29]; Kroner-Frese- section- head newborns posmen fantsdis- RRsfor  asymmetry in-  with DPwas
Germany  niusFounda- a study shapeto strua charged from risk fac-  dex ([diagonal  observed for
tion determine age: anintermedi- torsfor A —diagonal B sex, bron-
the preva- 384 atecareunit  DP and diagonal A]  chopulmonary
lence of (SD of atertiary x 100, where dysplasia,
Ssymmetri- 0.9) wk neonatal clinic diagonal A >di- necrotizing
cal and in Dresden agonal B) at enterocolitis,
asymmet- from April term-equivalent and duration
rical head 2011 to Jan- agewas higher  of intermittent
deformi- uary 2013 (4.1%, IQR mandatory
tiesand wereincluded; 1.9%-6.5%) in  ventilation
identify all infants very pretermin-
possible wereincluded fants compared
risk fac- that were to late preterm
tors present on the infantsand term
ward at the infants; moder-
time of mea- ate or severe
surement; DP at term-
those with pe- equivalent age
riphera cannu- was associated
laat the scalp with intracra-
or requiring nia hemorrhage
supplemental in preterm in-
oxygen, were fants; duration
excluded of total respira-

tory support
was higher in
cases of DP
compared to
controls; dura-
tion of continu-
ouspositiveair-
way pressure
therapy was
longer in cases
of DPthanin
controls
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Study; Funding Study Study Partici- Popula= Ageat  Sdectioncrite- Out- Factorsassociat-  Factorsnot as-
country source design ams pants,n  tionas baseline ria comes ed with DP? sociated with
(% fe- sessed DP
male)
Kimeta NR Case Todeter- 135(40) Infants 2-12mo Infantsaged ORsand Factorsassociat- Factorsnot as-
[30]; South control  minerisk with cra- 2-12moatthe RRsfor edwithDPin- sociated with
Korea study factors nial defor- timeof diagno- risk fac-  cluded bottle-  DPincluded;
for DP mationon sisof DPwere torsfor only feeding, infant male
and its physical included; in- DP reduced tummy  sex; materna
severity, examina- fantswith neu- time when age; macro-
including tion, with roimaging re- awake, delayed cephaly at
theassoci- age- and sults positive motor develop-  birth; and
ation be- Sex- for craniosyn- ment, andobesi-  macrocephaly,
tween DP matched ostosiswere ty at diagnosis  underweight,
and infant controls excluded; in- or overweight
obesity as randomly fantswith in- at the time of
defined selected sufficient clin- diagnosis
by BMI from the ical data, con-
national genital muscu-
health lar torticallis,
screening congenital
system anomalies (eg,
for in- craniofacial or
fantsand chromosomal
children anomalies), or
(con- birth injury
firmed to were also ex-
have no cluded; age-
cranial and sex-
deforma- matched con-
tionon trols (con-
physical firmed to have
examina- no cranial de-
tion) formation on
physical exam-
ination) were
randomly se-
lected from
the national
health screen-
ing system
Leungeta NR Prospec- Toassess 94 (59) Hedthy  Mean Hedthy new- Corrdla DPatage9wk Noassociaion
[31]; Aus- tiveco- associa- newborns 21.40 borns, bornat tionbe-  wasassociated between DP
tralia hort tion be- (SD full term (37-  tween withasymmetri- and latency to
study tween DP 229)d 42 wk) be- risk fac-  cal headorienta-  turn head
and head tween June tor severi-  tion duration at
orienta- 2011 and uly tyandDP age 3wk and 6
tionor 2013; infants  severity ~ wk; DPat age9
head wereexcluded wk was signifi-
strength for reasonsre- cantly associat-
|ated to low ed with asym-
birth weight metrical head
(<2500 g), orientation
congenital strength at age
muscular torti- 3wk and 6 wk
collis, cran-
iosynostosis,
neurological
insult, or other
medical or or-
thopedic condi-
tions
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Study; Funding Study Study Partici- Popula= Ageat  Sdectioncrite- Out- Factorsassociat-  Factorsnot as-
country source design ams pants,n  tionas baseline ria comes ed with DP? sociated with
(% fe- sessed DP
male)
Maniglioet NR Progpec- Toassess 4337 Infants 6-12wk Infantsbornat ORsfor  Maternal age Male sex was
a [32]; tiveco- factorsass (NR) with DP the San Pietro risk fac- wasassociated not associated
Italy hort sociated and con- Fatebenefratel-  torsfor with DP with DP
study with DP trolswith- li Hospital in  DP
toim- out DP Rome be-
prove tween January
screening 2017 and
strategies September
to identi- 2018 were in-
fy infants cluded; infants
at risk of with congeni-
develop- tal deforma-
ing se- tions, born be-
vere de- fore 24 wk
formation gestation, and
infants who
needed long
intensive care
treatment
wereexcluded
Mawji etal TheFaculty of Prospec- Toassess 440 Headthy  7-12wk Headlthy full- ORsand Significant dif- Noassociation
[33]; Cana- Graduate tiveco- potentia  (40.7) full-term terminfants  RRsfor  ferenceininci- of DPwithav-
da Studiesat the  hort risk fac- infants (bornat =37  riskfac- denceof DPin eragelength
University of  study torsfor wk gestation)  torsfor infantsplaced  of timein
Cagary in DPinin- ranging from DP supinetosleep  Canada; infant
Cdgary, Alber- fants age7to 12wk compared with  feeding posi-
ta, provided aged 7-12 who presented sleepinother  tion; length of
CAD $3000 wk in forimmuniza positions (in- tummy time
(US $2670) Calgary tion at a2-mo cluding prone;  received; male
for datacollec- well-child sde; oracombi- infant sex; and
tion clinicin Cal- nation of mothers who
gary werein- supine, prone,  had alan-
cluded or side); DPal- guage barrier
S0 associated
with head posi-

tion preference
(right and left),
materna educa
tion level, and
supinesleep po-
sition
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Study;
country

Funding
source

Study

design

Partici-
pants, n
(% fe-
male)

Study
aims

Popula-
tion as-
sessed

Ageat
baseline

Selection crite-
ria

Out-
comes

Factors associat-
ed with DP?

Factorsnot as-
sociated with
DP

Nuysink et NR

al [34];
Nether-
lands

Launonen
eta [35];
Finland

The Universi-
ty of Oulu
Scholarship
Foundation,
the Orthodon-
tic Section of
the Finnish
Dental Associ-
ation Apollo-
nia, the Emil
Aaltonen
Foundation,
the Alma, and
KA Snellman
Foundation,
the Finnish
Medicd Foun-
dation, and the
Foundation
for Pediatric
Researchin
Finland

Prospec-
tive co-
hort

study

Case-
control

study

120
(45.9)

New-
borns ad-
mitted to
theNICU
at gesta-
tional age
<30 wk
or birth-
weight
<1000 g

To assess
predictive
factors
for DPin
infants at
corrected
age >6
mo

Touse
3D
stereopho-
togram-
metry to
assess
crania
growth,
molding,
and inci-
dence of
DPin
preterm
children
compared
to term-
born chil-
dren

68(32)  Hedthy

newborns

<1 wk

Preterm
(mean
gesta-
tional
age):
32.7
wk;
term
(mean
gesta-
tional
age):
40.0 wk

Eligiblein-
fants were
borninor re-
ferred to the
level 111
neonatd inten-
sive care unit
within 1 week
of birth be-
tween January
2009 and Octo-
ber 2010; in-
fants born at
gestational
age <30 wk or
birth weight
<1000 g who
visited the
neonatal fol-
low-up clinic
wereincluded;
infants diag-
nosed with a
diseaseor dys-
function lead-
ing to symp-
tomatic asym-
metry, such as
acentral ner-
Vous system
disorder or
congenital
malformation,
wereexcluded

Infants were
considered €li-
gibleif they
had no
chalopdatosthi-
sis, craniosyn-
ostosis, or
dysmorphic
featuresand if
they resided
within Oulu
region, Fin-
land; dl partic-
ipants were
born between
2012 and 2015
at Oulu Uni-
versity Hospi-
tal; the control
group wasran-
domly select-
ed from apre-
vioudy collect-
ed noninter-
vention cohort
by computer-
based random
selection and
matched for
sex

ORsfor
risk fac-
torsfor

DP

OCLR'
mean dif-
ference

Association be-
tween DP and
mechanical ven-
tilation and
chronic lung
disease grade 1
in the neonatal
period

NR

NR

No difference
in head shape
(OCLR) be-
tween preterm
and full-term
children or be-
tween sexes
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Study; Funding Study Study Partici- Popula= Ageat  Sdectioncrite- Out- Factorsassociat-  Factorsnot as-
country source design ams pants,n  tionas baseline ria comes ed with DP? sociated with
(% fe- sessed DP
male)
Pogliani et NR Retro- Toassess 413(50) Hedthy <72h Neonates at ORsand Associationbe- NR
a [36]; spective  risk fac- newborns from gestational RRsfor  tween DPand
Italy cohort  torsfor birth age >33 wk risk fac-  male sex
study DPat born between  torsfor
birth May 2011and DP
January 2012;
newbornswith
extreme low
birthweight or
presenting
with major
congenital
malformations
needing NICU
transfer were
excluded; chil-
dren of moth-
erswith adoc-
umented
TORCHYin-
fection were
also excluded
Robertset  NR Retro-  Totest 339(42) Children NR Childrenaged ORsand DPwasassociat- No difference
a [37]; spective the hy- aged 0-16 0-16y withat RRsfor  edwithoccipi- inDPbetween
United cohort  pothesis y with least 1 follow- risk fac-  tal shunt place- neonates and
Kingdom study that ven- ventricu- up scan from  torsfor ment; astatisti-  infants,
tricu- loperi- the surgical DP caly significant neonates and
loperi- toneal database a the differenceinthe children aged
toneal shunts pediatric neu- probability of  3-5y,
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out imaging op shunt-associ-
were excluded ated plagio-
cephaly than
girls
Sheueta Cooperative  Retro- Toassess 6295(38) Infants NR Casesidenti- Meandif- Lowermaterna Noassociation
[38]; Unit-  agreement spective factors with DP fiedusingthe ferenceor educationlevel of DPwith
ed States  fromthe Cen- cohort  that may Texas Birth percent- wasassociated materna age
tersfor Diss  study explain a DefectsReg-  agediffer-  with DP or race and
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Study; Funding Study Study Partici- Popula= Ageat  Sdectioncrite- Out- Factorsassociat-  Factorsnot as-
country source design ams pants,n  tionas baseline ria comes ed with DP? sociated with
(% fe- sessed DP
male)
Van NR Cohort Toassess 184 Infants 3-14mo Exclusioncri- Differ- Negative corre-  Noassociation
Cruchten et study theim- (30.4) seen at teriaconsisted encesin  lation between  between OD-
a [9]; pact of outpatient of children ODDI for ageand ODDI; DI and devel-
Nether- risk fac- clinic aged>14mo riskfac- postivecorrdla  opmental de-
lands torson with a or<3moand torsfor  tion between lay, family
the type parental other formsof DP ODDI andposi- history of DP,
and sever- concern cranial defor- tion preference  sex, and torti-
ity of DP for DP mation, such right and posi-  collis
ascrania syn- tion preference
ostosis left

3DP; deformational plagiocephaly.
POR: odds ratio.

°RR: risk ratio.

INR: not reported.

eNICU: neonatal intensive care unit.
focLR: oblique crania length ratio.

9TORCH: toxoplasmosis, other (including infections such as syphilis, varicella-zoster, and parvovirus B19), rubella, cytomegalovirus, and herpes

simplex virus.

PNBPP: neonatal brachial plexus palsy.
'DDH: developmental dysplasia of the hip.
lopp: oblique diameter difference index.

Demographic Factors

Age

The study by van Cruchten et a [9] reported a negative
correlation between age and oblique diameter difference index
(a biomarker for DP). However, the study by Sheu et a [38]
(which assessed factors associated with a 9-fold increase in
plagiocephaly between 1999 and 2007 in Texas, United States)
reported no associ ation between age and DP. Finally, the study
by Roberts et a [37], which assessed DP in children with
ventriculoperitoneal shunts, reported that being aged 12 to 16
years at the time of shunt insertion was associated with DP.

Sex

Of the 19 studies, 4 (21%) demonstrated an associ ation between
male sex and DP[33,36,39,44], 1 (5%) reported borderline
association [37], and 7 (37%) reported no association between
male sex and DP [9,28-30,32,35,38]. Of these 12 studies, 6
(50%) [29,30,33,36,39,43] reported ORSs, and a meta-analysis
of these ORs revealed interstudy heterogeneity (1=68.5%; Q
statistic=15.89; df=6). The pooled fixed and random effects
ORsfor DP related to male sex were 1.71 (95% Cl 1.43-2.04;
P<.001) and 1.51 (95% CI 1.07-2.12; P=.02), respectively
(Figure 2A [29,30,33,36,39,43]). Asymmetry analysis of the
funnel plot excluded publication bias (P=.12; Figure 2B).

Figure2. Meta-analysis and funnel plot for male sex. (A) Forest plot of odds ratios for deformational plagiocephaly related to male sex with fixed and
random effects. (B) Funnel plot with linear regression test of asymmetry. The blue line indicates random effects. *Mild to moderate deformational

plagiocephaly (DP; univariate analysis); ** severe DP (univariate analysis).
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Race

Racewasinvestigated by Tang et al [40], who included acohort
of children with brachial plexus palsy. In this group, race was
not associated with DP that developed after brachial plexus
injury.

Developmental Factors

Developmental Delay
Developmental delay was investigated as a risk factor for DP

by van Cruchten et al [9], who concluded that devel opmental
delay was not associated with DP.

Developmental Dysplasia of the Hip

Developmental dysplasia of the hip (DDH) wasinvestigated as
arisk factor for DP by Valkama et al [41], who assessed the
prevaence of DP in children with DDH. DDH was associated
with DP compared to controls without DDH.

Hillyar et a

Head Circumference

Head circumference was investigated by Solani et a [39], who
concluded that it was associated with DP (OR 1.22, 95% CI
1.06-1.40).

Motor Milestones

Reaching fewer motor milestones by age 6 months was
investigated as a risk factor by 2 (11%) of the 19 included
studies[27,30]. The first study reported that reaching fewer
motor milestones by age 6 months was associated with DP
(adjusted OR [aOR] 2.35, 95% CI 1.25-4.42) [27]. The second
study found an association between delay in motor development
and DP [30]. A meta-analysis of the ORs from these studies
identified no interstudy heterogeneity (1=0%; Q statistic=1.67;
df=3; Figure 3A [27,30]). The pooled fixed and random effects
ORsfor DPrelated to delayed motor milestones were both 2.56
(95% Cl 1.66-3.96; P<.001). Asymmetry analysis of the funnel
plot excluded publication bias (P=.18; Figure 3B).

Figure 3. Meta-anaysis and funnel plot for reaching fewer motor milestones by age 6 months. (A) Forest plot of odds ratios for deformational
plagiocephaly related to reaching fewer motor milestones by age 6 months with fixed and random effects. (B) Funnel plot with linear regression test of
asymmetry. The blue line indicates fixed effects. * Adjusted OR (aOR) for deformational plagiocephaly (DP; multivariate analysis); **odds ratio (OR)
for mild to moderate DP (only univariate analysis available); ***aOR for severe DP (multivariate analysis).
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Overweight and Underweight

Being overweight at diagnosis of DP was investigated asarisk
factor for DP by Kim et a [30], who reported that being
overweight at diagnosis was not associated with DP. The same
study reported that being underweight at diagnosiswas also not
associated with DP.

Dietary Factors

Bottle-Only Feeding

Bottle-only feeding was investigated by Kim et a [30], who
demonstrated that bottle-only feeding was associated with DP
(aOR 4.65, 95% CI 2.70-8.00).

Breast Feeding

The duration of exclusive breast feeding was investigated by
Aarnivala et a [27], who demonstrated that the duration of
exclusive breast feeding was not associated with DP.
Formula Feeding

Formula feeding was investigated by Weernink et al [43], who
reported that children who developed DP by age 2 to 4 months

https://www.i-jmr.org/2024/1/e55695

were more likely to be formula fed (aOR 1.51, 95% ClI
1.00-2.27).

Vitamin D | ntake

Vitamin D intake in infants was investigated by Weernink et a
[43], who reported that children who developed DP by age 2 to
4 monthswere morelikely to haveinsufficient vitamin D intake
(aOR 7.15, 95% CI 3.77-13.54).

Maternal Factors

Maternal Age

Of the 19 included studies, 3 (16%) demonstrated an association
between maternal age and DP [28,32,43]. However, 3 (16%)
of the 19 studies reported no association [30,38,40]. Only 1
(17%) of these 6 studiesreported an OR indicating that increased
maternal age was a protective factor for the development of DP
(OR 0.94, 95% CI 0.91-0.97) [43].

Maternal Education Level

Of the 19 included studies, 3 (16%) demonstrated an association
between maternal education level and DP [33,38,43], and 1
(5%) reported no significant association [28]. Only 2 (67%) of
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the 3 studies reported ORs [33,43]. Of these 2 studies, 1 (50%)
indicated that low maternal education level was an adverse
factor in the development of DP (aOR 1.97, 95% Cl 1.19-3.26)
[43], while 1 (50%) suggested that postsecondary education
was not a protective factor (OR 0.71, 95% CI 0.43-1.16) [33].

Hillyar et a

The OR from the former was used in a meta-analysis with the
inverse OR from the latter, which demonstrated no interstudy
heterogeneity (12=0%; Q statistic=0.86; df=1; Figure 4 [33,43]).
The pooled fixed effects OR for DP related to low education
level was 1.66 (95% Cl 1.17-2.37; P<.005).

Figure 4. Meta-analysis for maternal education level. * Reciprocal odds ratio (OR) for postsecondary education.
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Maternal Language Barriers

The study by Ballardini et al [28] investigated whether infants
with motherswho experience alanguage barrier when receiving
medical advice had a higher rate of DP. The study suggested
that maternal language barrier was not associated with DP in
theinfant.

Maternal Race and Country of Origin

Of the 19 included studies, 3 (16%) investigated whether DP
was associated with maternal race and country of origin
[28,38,43]. All 3 studies suggested that maternal race and
country of origin was not associated with DPin the infant.

Length of Timein the Country of Study

The study by Mawiji et a [33] investigated whether the length
of time spent by mothersin the country in which the study was
conducted was associated with DP. The study reported that
length of time in the country of study was not associated with
DP.

Pacifier Use

Pacifier use by mothers in healthy infants was investigated as
arisk factor for DP by Aarnivala et a [27], who reported that
pacifier use was not associated with DP.

Tummy Time I nstructions

The study by Ballardini et al [28] investigated whether DP was
associated with mothers receiving instructions about tummy
time. The study reported that receiving instructions about tummy
time was not associated with DP.

Medical and Surgical Factors

Bronchopulmonary Dysplasia

Bronchopulmonary dysplasia was investigated as a risk factor
for DP by Ifflaender et al [29], who included a cohort of infants
born prematurely. The study reported that bronchopulmonary
dysplasia was not associated with DP.

https://www.i-jmr.org/2024/1/e55695

Chronic Lung Disease

Chronic lung disease grade Il was investigated by Launonen et
al [34], who aso assessed DP risk factors in infants born
prematurely. The study reported that chronic lung disease grade
Il was associated with DP.

Family History of DP

Family history of DP was investigated by van Cruchten et a
[9]. The study suggested that family history of DP was not
associated with DP.

History of 1lIness

History of illness was investigated by Aarnivalaet a [27]. The
study suggested that history of illness was not associated with
DP.

Intracranial Hemorrhage

Intracranial hemorrhage was investigated by Ifflaender et a
[29], who assessed DP risk factorsin infants born prematurely.
The study reported that intracranial hemorrhage was not
associated with DP.

Macrocephaly

Macrocephaly at birth was investigated by Kim et al [30]. The
study suggested that macrocephaly at birth was not associated
with DP. Macrocephaly at diagnosis of DPwasal so investigated,
and it was found that this factor too was not associated with DP
(OR 1.38, 95% CI 0.63-3.04) [30]. A lack of association was
reported for subgroups with mild to moderate DP (OR 1.48,
95% Cl 0.62-3.53) and severe DP (OR 1.19, 95% CI 0.04-3.58)
[30].

Mechanical Ventilation

Of the 19 included studies, 2 (11%) demonstrated an association
between mechanical ventilation and the development of DPin
preterm infants [29,34]. Of these 2 studies, 1 (50%) reported
an OR of 1.10 (95% CI 1.00-1.14) for mechanical ventilation
[34]. The other study also suggested that the duration of total
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respiratory support (continuous positive airway pressure and
intermittent mandatory ventilation) and the duration of
continuous positive airway pressure alone were associated with
DP, while intermittent mandatory ventilation alone was not
associated with DP [29].

Necrotizing Enterocolitis

Necrotizing enterocolitis was investigated by Ifflaender et a
[29], who included a cohort of infants born prematurely. The
study reported that necrotizing enterocolitis was not associated
with DP.

Obesity

Obesity at diagnosis of DP was investigated by Kim et al [30].
Obesity at diagnosis of DPwas defined asBMI >97th percentile.
The study concluded that obesity at diagnosis of DP was
associated with DP (aOR 2.45, 95% Cl 1.02-5.90). The study
also suggested that obesity at diagnosis of DP was associated
with severe DP (aOR 4.10, 95% CI 1.42-11.90) but was not
associated with mild to moderate DP (aOR 2.29, 95% ClI
0.86-6.05).

Occipital Shunt Placement

Occipital shunt placement was investigated by Roberts et al
[37], who concluded that occipital shunt placement was
associated with DP compared to frontal shunt placement.

Torticollis

Torticollis was investigated by 3 (16%) of the 19 included
studies, all of which reported no association between torticollis
and DP [9,26,38].

Positional and Environmental Factors

Carriers, Bouncers, Car Seats, and Headrests

Time spent in carriers, bouncers, and car seats wasinvestigated
by Aarnivalaet al [27], who reported that time spent in carriers,
bouncers, and car seats was hot associated with DP. Firmness

Hillyar et a

of headrest was investigated by Solani et al [39], who reported
that firmness of headrest was not associated with DP (OR 1.31,
95% Cl 0.72-2.37).

Change of Crib End

Change of crib end (ie, alternating the infant’s leeping position
by placing their head at different ends of the crib) was
investigated asarisk factor for DP by 2 (11%) of the 19 included
studies [33,42]. Both studies suggested that change of crib end
was not associated with DP.

Feeding Position
Feeding position was investigated as a risk factor for DP by 2

(11%) of the 19 included studies [33,42]; both demonstrated
that feeding position was not associated with DP.

Latencyin Head Turning

Latency in head turning was investigated by Leung et al [31],
who concluded that latency in head turning was not associated
with DP.

Playing Position

Playing position was investigated by van Vlimmeren et al [42],
who demonstrated that playing position was not associated with
DP.

Head Position Preference

Head position preference was investigated by 6 (32%) of the
19 included studies, all of which demonstrated an association
between head position preference and DP [9,27,28,31,33,42].
Of these 6 studies, 2 (33%) [33,34] reported ORs, and a
meta-analysis of these ORs revealed negligible interstudy
heterogeneity (1>=27.6%; Q statistic=2.76; df=3) (Figure 5A
[33,34]). The pooled fixed and random effects ORs for DP
related to head position preferencewere 4.75 (95% Cl 3.36-6.73;
P<.001) and 4.96 (95% CI 3.10-7.93; P<.001), respectively.
Asymmetry analysis of the funnel plot excluded publication
bias (P=.28; Figure 5B).

Figure 5. Meta-analysis and funnel plot for head position preference. (A) Forest plot of odds ratios for deformational plagiocephaly related to head
position preference with fixed and random effects. (B) Funnel plot with linear regression test of asymmetry. The blue line indicates fixed effects.
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Sleeping Position [33,39], while 1 (33%) reported a protective effect from prone

Sleeping position (supine vs prone) wasinvestigated by 3 (16%)
of the 19 included studies [28,33,39]. Of these 3 studies, 2 (67%)
demonstrated an association between supine sleeping and DP
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deeping (OR 0.13, 95% CI 0.03-0.40) or side sleeping (OR
0.22, 95% CI 0.05-0.71) [28]. The ORs from 2 (67%) [33,39]
of the 3 studies were used with the inverse OR from the third
study [28] in a meta-analysis, which demonstrated negligible
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2.21-4.39; P<.001) and 3.22 (95% CI 2.14-4.84; P<.001),
respectively. Asymmetry analysis of the funnel plot excluded
publication bias (P=.20; Figure 6B).

interstudy heterogeneity (12=19.1%; Q statistic=2.47; df=3;
Figure 6A [28,33,39]). The pooled fixed and random effects
ORs for DP related to sleeping position were 3.12 (95% CI

Figure 6. Meta-analysis and funnel plot for supine sleeping position. (A) Forest plot of odds ratios for deformational plagiocephaly related to supine
sleeping position with fixed and random effects. (B) Funnel plot with linear regression test of asymmetry. The blue line indicates fixed effects. * Supine

Versus prone; **reciprocal prone versus supine; ***reciprocal side versus supine.

A B
95% CI P-value

ID Author OR L U
[33] Mawiji 267 158 451 <001 - 100
28] Ballardini  4.54** 250 3333 .02 - 104
28] Ballardini 7.69*** 141 20.00 .003 e | L, P oo
[39] Solani 297 177 501 <001 - S 1

Fixed 312 221 439 <001 - 0.1-

Random 322 214 484 <001 - Asymmety, P=20
12: 19.1% —— 0.01 —
Q: 2.47 00104 1 10100 00 05 10 15
df: 3 OR 1/SE

Time Spent Prone on the Floor

The study by Aarnivalaet a [27] investigated time spent prone
on the floor and reported no association with DP.

Tummy Time

Tummy time was investigated by 4 (21%) of the 19 included
studies [28,30,33,42]. Of these 4 studies, 1 (25%) reported an
association between reduced tummy time when awake and DP
(aOR 3.51, 95% CI 1.71-7.21) [30]. Theremaining studies (3/4,
75%) reported that tummy time was not associated with DP but
provided no ORs [28,33,42].
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Time Spent Outdoors

Time spent outdoors was investigated by Weernink et al [43],
who reported no association with DP.

Time Spent Supine on the Floor
Time spent supine on the floor was investigated as a risk factor
for DP by Aarnivalaet a [27], who reported that children with

DP at age 12 months spent more time supine on the floor at age
6 months.

Summary of Nonobstetric Factors Associated With
DP
A summary of 16 nonobstetric factors associated with DP is

presented in Table 2. ORs are provided for 12 (75%) of these
16 nonobstetric factors.
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Table 2. Odds ratios (ORs) for factors associated with deformational plagiocephaly. ORs are reported from single studies unless marked with a
superscript (“a’ or “b") indicating pooled ORs from fixed or random effects meta-analyses.

Factors OR (95% ClI) References
Insufficient vitamin D intake 7.15 (3.77-13.54) [42]

Head position preference 4.752(3.36-6.73) [33,34]
Bottle-only feeding 4.65 (2.70-8.00) [30]
Reduced tummy time 3.51 (1.71-7.21) [30]
Sleeping position 3.12 (2.21-4.39) [28,33,39]
Fewer motor milestones by age 6 mo 2.56% (1.66-3.96) [27,30]
Obesity (BMI >97th percentile) 2.45 (1.02-5.90) [30]
Maternal education level 1.662 (1.17-2.37) [33,43]
Male sex 1517 (1.07-2.12) [29,30,33,36,43]
Formula feeding 1.51 (1.00-2.27) [43]

Head circumference 1.22 (1.06-1.40) [39]
Mechanical ventilation 1.10(1.00-1.14) [34]
Chronic lung disease grade |1 NRS [34]

DDH NR [41]
Maternal age NR [28,32,43]
Time spent supine NR [27]

30R from afixed effects meta-analysis where interstudy heterogeneity was <50%.
POR from arandom effects meta-analysis where interstudy heterogeneity was >50%.

°NR: not reported.
9DDH: devel opmental dysplasiaof the hip.

Discussion

Principal Findings

This study assessed evidence of association with DP for 43
nonobstetric  factors (demographic factors: n=3, 7%,
developmenta factors: n=6, 14%; dietary factors. n=4, 9%;
maternal factors: n=8, 19%; medical and surgical factors: n=11,
26%; and positional and environmental factors: n=11, 26%).
Of these 43 factors, 16 (37%) were associated with DP
(demographic factors [male sex]: n=1, 6%; developmental
factors [DDH, head circumference, and delay in motor
milestones]: n=3, 19%; dietary factors [bottle-only feeding,
formula feeding, and vitamin D intake]: n=3, 19%; maternal
factors[maternal age and maternal education level]: n=2, 12%;
medical and surgical factors [chronic lung disease grade I,
mechanical ventilation, and obesity at diagnosis of DP]: n=3,
19%,; and positional and environmental factors [head position
preference, sleeping position, reduced tummy time, and time
spent supine on the floor]: n=4, 25%). With the notable
exceptions of maternal age, mechanical ventilation, and tummy
time, these associationswere either supported by nonconflicting
evidence or ameta-analysis that resolved conflicting evidence
into an association. Of the 16 factors, 12 (75%) had ORs that
ranged from 1.10 (mechanical ventilation) to 7.15 (insufficient
vitamin D intake). Of the 5 factors assessed by meta-analysis
(male sex, reaching fewer motor milestones by age 6 months,
maternal education level, head position preference, and sleeping

https://www.i-jmr.org/2024/1/e55695

position), only 1 (20%; male sex) was associated with interstudy
heterogeneity (=50%). No evidence of publication bias was
detected.

Evidence-Based Recommendations

Strategies to reduce the prevalence of DP have included
guidance about the infant’s environment, positioning, and
handling, with the goal of creating a nonrestrictive environment
that promotes spontaneous and unhindered physical movement
and symmetrical motor development [27,45].

On the basis of the evidence presented in this study, the
following 11 recommendations, presented in order of
importance, are offered with the aim of reducing the prevalence
of DP.

First, to ensure bone health in infants, it is critical that vitamin
D intake is adequate [46]. Vitamin D level should be assessed
regularly during development, and dietary supplementation
should be considered if vitamin D level islow.

Second, during the first months of life, babies develop a head
position preference [47], and this preference is more often to
theright [44,48]. Theincreased compressiveforceson oneside
of the head for prolonged periods causes flattening on the side
being compressed. It has been proposed that the position of the
fetusinthelater stages of pregnancy may, in part, beresponsible
for position preference[28,49]. However, thereisal so evidence
that position preference can be modified by varying head
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position during sleep to encourage equal distribution of pressure
[50]. Other strategiesto mitigate head position preference should
be used, such as gently moving the infant's head to the
unfavored side when asleep or physical therapy with or without
kinesiological tape to reduce tightness in the neck muscles to
facilitate easier neck turning [51,52].

Third, sufficient tummy time should be provided to strengthen
the infant’s head, neck, and arms and reduce time spent supine
when awake.

Fourth, as infants tend to turn away from windows and toward
the center of aroom, it isrecommended to aternatetheinfant’s
sleeping position by placing their head at different ends of the
crib. This concept is supported by 2 studies suggesting no
association between crib end change and DP [33,42]. However,
it isimportant to state that the lack of association between crib
end change and DP does not necessarily mean that changing
the crib end will provide an effective treatment for established
DP; it may merely help to reduce the risk of DP developing.

Fifth, although bottle-only feeding should not be discouraged,
it isrecommended to aternate feeding positions, using both the
dominant and nondominant sideswhen holding theinfant. Bottle
feeding, as opposed to exclusively breast feeding, may be
positively associated with obesity (which has aso been
identified as arisk factor for DP) [53]. This coassociation may,
in part, explain the association of bottle-only feeding with DP.

Sixth, although formulafeeding should also not be discouraged,
it is recommended to alternate feeding positions. It has been
suggested by Weernink et al [43] that this particular risk factor
is associated with lower maternal education level. Similar to
bottle feeding, formulafeeding, as opposed to exclusively breast
feeding, may be positively associated with obesity (itself arisk
factor for DP) [53].

Seventh, if motor milestones are delayed, infants should be
referred for specialist assessment by a pediatrician. Similarly,
obesity (BMI >97th percentile) should be identified and
managed by a specialist pediatrician.

Eighth, to mitigate the impact of low maternal education level,
educational resources and face-to-face education outlining
factors associated with DP, as well as recommendations to
reduce their impact, should be provided to al families at the
6-week postnatal infant check-up, with particular emphasis on
those with low educational levels. A lower maternal education
level resultsin worse health outcomes in infancy and later life
[54]; although improving the education level of future mothers
should be a national priority, there are other factors associated
with low education level that may be immediately modifiable.
These include access to information and access to resources
[55].

Ninth, Information should be provided to families that male
infants are at higher risk of DP. Losee et al [49] suggested that
male infants tend to have larger, less flexible heads at birth,
which are more likely to become deformed by compressive
forces in utero and in the birth canal. Families should be
particularly encouraged to engage with strategies to mitigate
DPin male infants.
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Tenth, information should be provided to families that infants
with greater head circumference are at higher risk of DP.
Families should be particularly encouraged to engage with
strategies to mitigate DP in these infants.

Eleventh, information should also be provided to families that
infants who have had mechanical ventilation are at higher risk
of DP. Families and care teams of infants requiring mechanical
ventilation should be encouraged to engage with strategies to
mitigate DP in these infants.

Alternative strategies for mitigating the impact of DP, such as
helmet therapy, although costly for individuals and health care
systems, may help avoid more invasive strategies [56]. It has
been demonstrated that education provided by hedth care
professionals, such as health visitors, midwives, and nurses,
can successfully reduce the prevalence of DP [57]. Adopting
these recommendations may lead to areduction in the prevalence
of DP.

Strengths of This Study

The strengths of this study include a robust methodology. The
protocol was registered with PROSPERO, and the reporting
was in line with the PRISMA 2020 guidelines [22]. The
databases searched provided >97.5% coverage [23].
Standardized data extraction was performed to minimize errors.
Meta-analysiswas performed where data allowed. Funnel plots
suggested that publication bias did not impact the results; thus,
a trim-and-fill analysis was not necessary to correct for
asymmetry [58].

This study represents the most comprehensive anaysis of
nonaobstetric factors associated with DP published to date. A
systematic review by Bialocerkowski et al [59] only identified
5 factors associated with DP, of which 3 (60%) were
nonobstetric factors (male sex, supine position, and neck
problems) [59]. Another systematic review by De Bock et al
[60] identified male sex, supine sleeping position, limited neck
rotation, head position preference, lower level of activity, and
reduced tummy time asthe most important risk factors[60]. By
contrast, our study provides evidence of association for 16
factorsand confirmsthe association of male sex, supine sleeping
position, head position preference, and reduced tummy time
with DP.

A more recent systematic review by Inchingolo et al [61]
provided only 2 recommendations to mitigate the impact of
nonaobstetric risk factors for DP; at least 30 minutes of tummy
time and the use of a passive sleep curve mattress to improve
harmonious skull growth. In addition, it did not include
meta-anal yses to support these recommendations. By contrast,
our study makes 11 recommendations for nonobstetric factors
to reduce the prevalence of DP. The systematic review by
Inchingolo et a [61] also did not assess publication bias. Our
review suggested that none of the recommendations were
influenced by publication bias.

Limitations of This Study

To ensure the completion of the study, additional databases
were not searched, and hand searching and gray literature
searches were also not performed. This inevitably limited the
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comprehensiveness of this study, although no systematic review
can clam to be truly comprehensive because this would
necessitate continual inclusion of newly published studies. The
search terms were designed to be specific yet pragmatic to
ensure the completion of the work with limited resources; thus,
some studies may have been overlooked. Due to resource
limitations, it was not possible to record more detailed reasons
for the exclusion of screened articles other than not reporting
risk factors for DP. Resource constraints also prevented the
screening process from being conducted by 2 independent
reviewers. Instead, abstract and full-text screening was
performed by asingle reviewer. Thisimpactsthe reproducibility
of the study due to the increased potential for errors in study
selection when screening is undertaken by a single reviewer.
That said, because the selection criteria were clearly set out,
errorsdueto the application of these criteriaduring the screening
process are likely to have had minimal impact on the study
outcomes. In addition, it was not feasible, due to resource
limitations, to contact study authors to attempt to collect raw
data if a study did not report ORs for a risk factor. This may
have limited the data that could have been used in meta-analysis.
If contacting authors had been feasible, more factors could
potentially have been analyzed quantitively to resolve
discrepancies between the included studies. This represents a
significant limitation of our study.

These factors may, in part, account for the apparent disparities
reported in our results compared to other literature. These
disparities include the apparent lack of association between
developmental delay and DP [9], while demonstrating a
significant association between reaching fewer motor milestones
and DP[27,30]. A recent systematic review by Martinuik et al
[62] included 19 studies that assessed the association between
developmental delay and DP. Notwithstanding the fact that the
authors included multiple studies that used the same study
population more than once, a positive association between
developmental delay and DP was reported in a majority of the
studies [62]. The fact that our study did not demonstrate a
similar association may, in part, be due to the inclusion of
studies that assessed different populations, as well as
methodological limitations in our search strategy that limited
the identification of studies that may have met our eligibility
criteria. Another study of alarge primary care cohort of 77,108
patients has provided further evidence in support of an
association between developmental delay and DP [63]. That
said, theliterature remains conflicting, with other studies unable
to demonstrate an association between presence or degree of
developmental delay and DP [64]. Commentators have
highlighted the fact that most studies are retrospective and
observational by design, and this limits conclusions about the
correlative versus causative rel ationship between devel opmental
delay and DP [65].

Another disparity reported in our study is that torticollis was
not associated with DP[9,26,38]. A number of literature reviews
have previously reported an association between congenital
muscular torticollisand DP[8,59]. Although these studieswere
published a decade or so ago, it logically follows that if other
positional factors, such ashead position preference and sleeping
position, have been found in more contemporaneous studiesto
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be significantly associated with DP[28,33,34,39], thentorticollis
would also be expected to be found to be associated with DP.
These conflicts reported in the literature may be due to the
limitations of individual study design or differences between
different study populations. Therefore, we recommend
interpreting with caution thelack of association between
torticollis and DP reported in our study, given the lack of a
mechanistic explanation that reconciles this result with other
positional factors that were found to be associated with DP.

In thisreview, we have included a study involving patients who
developed plagiocephaly after ventriculoperitoneal shunt
insertion [37]. Although the authors characterized the
plagiocephaly as*positional,” implying that external forces had
caused the skull deformity, an alternative hypothesis is that
shunt-associated plagiocephaly isadifferent disease entity from
DP [37]. This study has been included for comprehensiveness
[37], but the results should be interpreted with caution alongside
those of other studies.

Finally, another limitation includes the lack of a Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) assessment of evidence quality, which impacts the
certainty of the conclusions and recommendations set out in
this study.

Conclusions

In summary, this study provides the most comprehensive
meta-anal ytic assessment of nonobstetric factors associated with
DP published to date. It offers 11 evidence-based
recommendations that can be adopted by health care systems
globally to reduce the prevalence of DP. Future research should
focus on investigating factors for which the literature is
conflicting but quantitative data are lacking to enable
meta-analyses to be performed; for example, maternal age was
the only factor reported to be protective against DP, but
conflicting studies reported that there was no association without
providing quantitative data. Thus, maternal age as a protective
factor for DP should be investigated further to provide
guantitative data for meta-anal ytic approaches to determine its
protective effect. Further research should also addressthe nature
of specific relationships between risk factors and DP; for
example, both bottle-only feeding and formula feeding have
been associated with DP. Studies should focus on understanding
the nature of this relationship, that is, whether this relationship
is due to mechanical forces associated with bottle-feeding or
whether areduction in, or lack of, breast milk intake or alack
of complimentary foods alongside breast milk results in
nutritional differences that impact skull development [66]. As
our study also highlighted an association between obesity and
DP, research on other early-life or environmental exposures
should be conducted to elucidate their effects on growth and
development, particularly skull growth and head shape[67,68].
Finally, randomized controlled trials, although considered the
gold standard study design for obtaining reliable evidence of
an intervention’s effectiveness, should not be conducted for the
interventions herein that relate to risk factors for DP
development that have aready been assessed through
meta-analysis. However, randomized controlled trials could
provide further evidence for an intervention—if ethically
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appropriate—where the evidence for a particular risk factor is  provided the evidence for a risk factor's influence on the
relatively weak, such as when only a single cohort study has development of DP.

Data Availability
All data generated or analyzed during this study are included in this paper.

Authors Contributions

CRTH developed the methodology, performed screening and data extraction, performed data analysis, interpreted the results,
and wrote and edited the manuscript. NB performed screening and data extraction, interpreted the results, and wrote and edited
the manuscript. AN performed screening and data extraction, interpreted the results, and edited the manuscript. FIBD interpreted
the results and edited the manuscript. JO conceived of the study, interpreted the results, and edited the manuscript.

Conflictsof Interest

CRTH and AN received consultancy feesfrom Advanced Orthomolecular Research in Calgary, Alberta, and their family members
work for the af orementioned company, which, although not directly connected to thisresearch, produces nutraceutical compounds,
including vitamin D, which is part of the subject matter of this research. All other authors declare no other conflicts of interest.

Multimedia Appendix 1

PRISMA 2020 checklist.
[PDE File (Adobe PDF File), 66 KB-Multimedia Appendix 1]

References

1.  Ehret FW, Whelan MF, Ellenbogen RG, Cunningham ML, Gruss JS. Differential diagnosis of the trapezoid-shaped head.
Cleft Palate Craniofac J. Jan 2004;41(1):13-19. [doi: 10.1597/02-053] [Medline: 14697075]

2. Delashaw JB, Persing JA, Broaddus WC, Jane JA. Crania vault growth in craniosynostosis. J Neurosurg. Feb
1989;70(2):159-165. [doi: 10.3171/jns.1989.70.2.0159] [Medline: 2913214]

3. Johnson D, Wilkie AO. Craniosynostosis. Eur JHum Genet. Apr 2011;19(4):369-376. [FREE Full text] [doi:
10.1038/ejhg.2010.235] [Medline: 21248745]

4.  JungBK, Yun|S. Diagnosisand treatment of positional plagiocephaly. Arch Craniofac Surg. Apr 2020;21(2):80-86. [FREE
Full text] [doi: 10.7181/acfs.2020.00059] [Medline: 32380806]

5.  HolowkaMA, Reisner A, Giavedoni B, Lombardo JR, Coulter C. Plagiocephaly severity scaleto aid in clinical treatment
recommendations. JCraniofac Surg. May 2017;28(3):717-722. [doi: 10.1097/SCS.0000000000003520] [Medline: 28468155]

6. KadraR, Waker ML. Posterior plagiocephaly. Childs Nerv Syst. Sep 2012;28(9):1389-1393. [doi:
10.1007/s00381-012-1784-y] [Medline: 22872253]

7. Marshal IM, Shahzad F. Safe sleep, plagiocephaly, and brachycephaly: assessment, risks, treatment, and when to refer.
Pediatr Ann. Oct 01, 2020;49(10):e440-e447. [doi: 10.3928/19382359-20200922-02] [Medline: 33034660]

8. Kuo AA, Tritasavit S, Graham Jr JM. Congenital muscular torticollis and positional plagiocephaly. Pediatr Rev. Feb
2014;35(2):79-87. [doi: 10.1542/pir.35-2-79] [Medline: 24488831]

9.  van Cruchten C, Feijen MM, van der Hulst RR. Demographics of positional plagiocephaly and brachycephaly; risk factors
and treatment. J Craniofac Surg. 2021;32(8):2736-2740. [doi: 10.1097/SCS.0000000000007811] [Medline: 34231510]

10. van VlIimmeren LA, van der Graaf Y, Boere-Boonekamp MM, L'Hoir MP, Helders PJ, Engelbert RH. Risk factors for
deformational plagiocephaly at birth and at 7 weeks of age: aprospective cohort study. Pediatrics. Feb 2007;119(2):e408-e418.
[doi: 10.1542/peds.2006-2012] [Medline: 17272603]

11. Joganic JL, Lynch M, Littlefield TR, Verrelli BC. Risk factors associated with deformational plagiocephaly. Pediatrics.
Dec 2009;124(6):€1126-e1133. [doi: 10.1542/peds.2008-2969] [Medline: 19917588]

12. OhAK, Hoy EA, Rogers GF. Predictors of severity in deformational plagiocephaly. J Craniofac Surg. Mar 2009;20 Suppl
1:685-689. [doi: 10.1097/SCS.0b013e318193d6€5] [Medline: 19190504]

13. delLucaF, Hinde A. Effectiveness of the 'Back-to-Sleep’ campaigns among healthcare professionals in the past 20 years:
asystematic review. BMJ Open. Sep 30, 2016;6(9):e011435. [FREE Full text] [doi: 10.1136/bmjopen-2016-011435]
[Medline: 27694485]

14. Turk AE, McCarthy JG, Thorne CH, Wisoff JH. The "back to sleep campaign" and deformational plagiocephaly: isthere
causefor concern? J Craniofac Surg. Jan 1996;7(1):12-18. [doi: 10.1097/00001665-199601000-00006] [Medline: 9086896]

15. ArgentalLC, David LR, Wilson JA, Bell WO. Anincrease in infant cranial deformity with supine sleeping position. J
Craniofac Surg. Jan 1996;7(1):5-11. [doi: 10.1097/00001665-199601000-00005] [Medline: 9086895]

16. EsparzaJ, HinojosaJ, Garcia-Recuero |, Romance A, Pascual B, Martinez de Aragén A. Surgical treatment of isolated and
syndromic craniosynostosis. Results and complications in 283 consecutive cases. Neurocirugia (Astur). Dec
2008;19(6):509-529. [doi: 10.1016/s1130-1473(08)70201-x] [Medline: 19112545]

https://www.i-jmr.org/2024/1/e55695 Interact JMed Res 2024 | vol. 13 | €55695 | p. 20
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=ijmr_v13i1e55695_app1.pdf&filename=fe2d35e1485a59f9d16c7794daa81a96.pdf
https://jmir.org/api/download?alt_name=ijmr_v13i1e55695_app1.pdf&filename=fe2d35e1485a59f9d16c7794daa81a96.pdf
http://dx.doi.org/10.1597/02-053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14697075&dopt=Abstract
http://dx.doi.org/10.3171/jns.1989.70.2.0159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2913214&dopt=Abstract
https://europepmc.org/abstract/MED/21248745
http://dx.doi.org/10.1038/ejhg.2010.235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21248745&dopt=Abstract
https://europepmc.org/abstract/MED/32380806
https://europepmc.org/abstract/MED/32380806
http://dx.doi.org/10.7181/acfs.2020.00059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32380806&dopt=Abstract
http://dx.doi.org/10.1097/SCS.0000000000003520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28468155&dopt=Abstract
http://dx.doi.org/10.1007/s00381-012-1784-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22872253&dopt=Abstract
http://dx.doi.org/10.3928/19382359-20200922-02
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33034660&dopt=Abstract
http://dx.doi.org/10.1542/pir.35-2-79
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24488831&dopt=Abstract
http://dx.doi.org/10.1097/SCS.0000000000007811
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34231510&dopt=Abstract
http://dx.doi.org/10.1542/peds.2006-2012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17272603&dopt=Abstract
http://dx.doi.org/10.1542/peds.2008-2969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19917588&dopt=Abstract
http://dx.doi.org/10.1097/SCS.0b013e318193d6e5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19190504&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=27694485
http://dx.doi.org/10.1136/bmjopen-2016-011435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27694485&dopt=Abstract
http://dx.doi.org/10.1097/00001665-199601000-00006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9086896&dopt=Abstract
http://dx.doi.org/10.1097/00001665-199601000-00005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9086895&dopt=Abstract
http://dx.doi.org/10.1016/s1130-1473(08)70201-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19112545&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Hillyar et &

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

Roby BB, Finkelstein M, Tibesar RJ, Sidman JD. Prevalence of positional plagiocephaly in teens born after the "Back to
Sleep" campaign. Otolaryngol Head Neck Surg. May 2012;146(5):823-828. [doi: 10.1177/0194599811434261] [Medline:
22241785]

van Wijk RM, van Vlimmeren LA, Groothuis-Oudshoorn CG, Van der Ploeg CP, Ijzerman MJ, Boere-Boonekamp MM.
Helmet therapy in infants with positional skull deformation: randomised controlled trial. BMJ. May 01, 2014;348:g2741.
[FREE Full text] [doi: 10.1136/bmj.g2741] [Medline: 24784879)

Di Chiara A, LaRosa E, Ramieri V, Vellone V, Cascone P. Treatment of deformational plagiocephaly with physiotherapy.
J Craniofac Surg. Oct 2019;30(7):2008-2013. [doi: 10.1097/SCS.0000000000005665] [Medline: 31232996]

Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins JP, et al. Updated guidance for trusted systematic reviews:
anew edition of the Cochrane Handbook for Systematic Reviews of Interventions. Cochrane Database Syst Rev. Oct 03,
2019;10:ED000142. [doi: 10.1002/14651858.ED000142] [Medline: 31643080]

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the
PRISMA statement. PLoS Med. Jul 21, 2009;6(7):€1000097. [FREE Full text] [doi: 10.1371/journal.pmed.1000097]
[Medline: 19621072]

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et a. The PRISMA 2020 statement: an updated
guidelinefor reporting systematic reviews. BMJ. Mar 29, 2021;372:n71. [FREE Full text] [doi: 10.1136/bmj.n71] [Medline:
33782057]

Bramer WM, Giustini D, Kramer BM. Comparing the coverage, recall, and precision of searchesfor 120 systematic reviews
in Embase, MEDLINE, and Google Scholar: a prospective study. Syst Rev. Mar 01, 2016;5(1):39. [FREE Full text] [doi:
10.1186/s13643-016-0215-7] [Medline: 26932789]

Falagas ME, Pitsouni El, Malietzis GA, Pappas G. Comparison of PubMed, Scopus, Web of Science, and Google Scholar:
strengths and weaknesses. FASEB J. Feb 2008;22(2):338-342. [doi: 10.1096/f].07-9492L SF] [Medline: 17884971]
Sterne JA, Egger M. Funnel plots for detecting bias in meta-analysis: guidelines on choice of axis. J Clin Epidemiol. Oct
2001;54(10):1046-1055. [Medline: 11576817]

AarnivalaHE, Valkama AM, Pirttiniemi PM. Cranial shape, size and cervical motion in normal newborns. Early Hum Dev.
Aug 2014;90(8):425-430. [doi: 10.1016/j.earlhumdev.2014.05.007] [Medline: 24951081]

AarnivalaH, Vuollo V, HarilaV, Heikkinen T, Pirttiniemi P, Holmstrom L, et al. The course of positional crania deformation
from 3 to 12 months of age and associated risk factors: a follow-up with 3D imaging. Eur J Pediatr. Dec
2016;175(12):1893-1903. [doi: 10.1007/s00431-016-2773-z] [Medline: 27624627]

Ballardini E, Sisti M, BasagliaN, Benedetto M, Baldan A, Borgna-Pignatti C, et al. Prevalence and characteristics of
positional plagiocephaly in healthy full-term infants at 8-12 weeks of life. Eur J Pediatr. Oct 2018;177(10):1547-1554.
[doi: 10.1007/s00431-018-3212-0] [Medline: 30030600]

Ifflaender S, Rudiger M, Konstantelos D, Wahls K, Burkhardt W. Prevalence of head deformitiesin preterm infants at term
equivalent age. Early Hum Dev. Dec 2013;89(12):1041-1047. [doi: 10.1016/j.earlhumdev.2013.08.011] [Medline: 24016482]
Kim E, Kim KE, Jeon J, Sheen YH, Lee H, Yoon SY, et a. Delayed motor development and infant obesity as risk factors
for severe deformational plagiocephaly: a matched case-control study. Front Pediatr. 2020;8:582360. [FREE Full text] [doi:
10.3389/fped.2020.582360] [Medline: 33262962]

Leung AY, Mandrusiak A, Watter P, Gavranich J, Johnston LM. Clinical assessment of head orientation profile devel opment
and its relationship with positional plagiocephaly in healthy term infants - a prospective study. Early Hum Dev. May
2016;96:31-38. [doi: 10.1016/j.earlhumdev.2016.03.001] [Medline: 2703144Q]

Maniglio P, Noventa M, Tartaglia S, Petracca M, Bonito M, Ricciardi E, et a. The Obstetrician Gynecologist'srole in the
screening of infants at risk of severe plagiocephaly: prevalence and risk factors. Eur J Obstet Gynecol Reprod Biol. May
2022;272:37-42. [doi: 10.1016/j.ejogrb.2022.03.011] [Medline: 35279639]

Mawji A, Vollman AR, Fung T, Hatfield J, McNeil DA, Sauvé R. Risk factors for positional plagiocephaly and appropriate
time frames for prevention messaging. Paediatr Child Health. Oct 2014;19(8):423-427. [FREE Full text] [doi:
10.1093/pch/19.8.423] [Medline: 25382999]

Nuysink J, Eijsermans MJ, van Haastert | C, Koopman-Esseboom C, Helders PJ, de VriesLS, et al. Clinical course of
asymmetric motor performance and deformational plagiocephaly in very preterm infants. J Pediatr. Sep
2013;163(3):658-65.€1. [doi: 10.1016/].jpeds.2013.04.015] [Medline: 23706356]

Launonen AM, AarnivalaH, Kyteas P, Vuollo V, Heikkinen T, Kau CH, et a. A 3D follow-up study of cranial asymmetry
from early infancy to toddler age after preterm versus term birth. JClin Med. Oct 11, 2019;8(10):387-392. [EREE Full
text] [doi: 10.3390/jcm8101665] [Medline: 31614700]

Pogliani L, Cerini C, Vivaldo T, Duca P, Zuccotti GV. Deformational plagiocephaly at birth: an observational study on the
role of assisted reproductive technologies. JMatern Fetal Neonatal Med. Feb 2014;27(3):270-274. [doi:
10.3109/14767058.2013.814629] [Medline: 23773121]

Roberts SA, Symonds JD, ChawlaR, Toman E, Bishop J, Solanki GA. Positional plagiocephaly following ventricul operitonesl
shunting in neonates and infancy-how seriousisit? Childs Nerv Syst. Feb 2017;33(2):275-280. [FREE Full text] [doi:
10.1007/s00381-016-3275-z] [Medline: 27848003]

https://www.i-jmr.org/2024/1/e55695 Interact JMed Res 2024 | vol. 13 | €55695 | p. 21

(page number not for citation purposes)


http://dx.doi.org/10.1177/0194599811434261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22241785&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=24784879
http://dx.doi.org/10.1136/bmj.g2741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24784879&dopt=Abstract
http://dx.doi.org/10.1097/SCS.0000000000005665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31232996&dopt=Abstract
http://dx.doi.org/10.1002/14651858.ED000142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31643080&dopt=Abstract
http://dx.plos.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19621072&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-016-0215-7
http://dx.doi.org/10.1186/s13643-016-0215-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26932789&dopt=Abstract
http://dx.doi.org/10.1096/fj.07-9492LSF
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17884971&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11576817&dopt=Abstract
http://dx.doi.org/10.1016/j.earlhumdev.2014.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24951081&dopt=Abstract
http://dx.doi.org/10.1007/s00431-016-2773-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27624627&dopt=Abstract
http://dx.doi.org/10.1007/s00431-018-3212-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30030600&dopt=Abstract
http://dx.doi.org/10.1016/j.earlhumdev.2013.08.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24016482&dopt=Abstract
https://europepmc.org/abstract/MED/33262962
http://dx.doi.org/10.3389/fped.2020.582360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33262962&dopt=Abstract
http://dx.doi.org/10.1016/j.earlhumdev.2016.03.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27031440&dopt=Abstract
http://dx.doi.org/10.1016/j.ejogrb.2022.03.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35279639&dopt=Abstract
https://europepmc.org/abstract/MED/25382999
http://dx.doi.org/10.1093/pch/19.8.423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25382999&dopt=Abstract
http://dx.doi.org/10.1016/j.jpeds.2013.04.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23706356&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm8101665
https://www.mdpi.com/resolver?pii=jcm8101665
http://dx.doi.org/10.3390/jcm8101665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31614700&dopt=Abstract
http://dx.doi.org/10.3109/14767058.2013.814629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23773121&dopt=Abstract
https://europepmc.org/abstract/MED/27848003
http://dx.doi.org/10.1007/s00381-016-3275-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27848003&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Hillyar et &

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

Sheu SU, Ethen MK, Scheuerle AE, Langlois PH. Investigation into an increase in plagiocephaly in Texas from 1999 to
2007. Arch Pediatr Adolesc Med. Aug 2011;165(8):708-713. [doi: 10.1001/archpediatrics.2011.42] [Medline: 21464373]
Solani B, Talebian Ardestani M, Boroumand H, Ostadmohammadi V, Hallajngjad M, Kashani Zade M, et a. Risk factors
associated with positional plagiocephaly in healthy Iranian infants: acase-control study. Iran JChild Neurol. 2022;16(2):85-92.
[FREE Full text] [doi: 10.22037/ijcn.v16i1.28524] [Medline: 35497110]

Tang M, Gorbutt KA, Peethambaran A, Yang L, Nelson VS, Chang KW. High prevalence of cranial asymmetry existsin
infantswith neonatal brachia plexus palsy. JPediatr Rehabil Med. Nov 30, 2016;9(4):271-277. [doi: 10.3233/PRM-160396]
[Medline: 27935564]

Valkama AM, AarnivalaHI, Sato K, HarilaV, Heikkinen T, Pirttiniemi P. Plagiocephaly after neonatal devel opmental
dysplasiaof the hip at school age. JClin Med. Dec 19, 2019;9(1):21. [FREE Full text] [doi: 10.3390/jcm9010021] [Medline:
31861739

van Vlimmeren LA, Engelbert RH, Pelsma M, Groenewoud HM, Boere-Boonekamp MM, der Sanden MW. The course
of skull deformation from birth to 5 years of age: a prospective cohort study. Eur J Pediatr. Jan 2017;176(1):11-21. [FREE
Full text] [doi: 10.1007/500431-016-2800-0] [Medline: 27815732]

Weernink MG, van Wijk RM, Groothuis-Oudshoorn CG, Lanting ClI, Grant CC, van Vlimmeren LA, et a. Insufficient
vitamin D supplement use during pregnancy and early childhood: arisk factor for positional skull deformation. Matern
Child Nutr. Jan 2016;12(1):177-188. [FREE Full text] [doi: 10.1111/mcn.12153] [Medline: 25382635]

Hopkins B, Lems YL, Van Wulfften Palthe T, Hoeksma J, Kardaun O, Butterworth G. Development of head position
preference during early infancy: alongitudinal study inthedaily life situation. Dev Psychobiol. Jan 1990;23(1):39-53. [doi:
10.1002/dev.420230105] [Medline: 2340956]

Cavalier A, Picot MC, Artiaga C, Mazurier E, Amilhau M, Froye E, et al. Prevention of deformational plagiocephaly in
neonates. Early Hum Dev. Aug 2011;87(8):537-543. [doi: 10.1016/j.earlhumdev.2011.04.007] [Medline: 21664772]
Pawley N, Bishop NJ. Prenatal and infant predictors of bone health: the influence of vitamin D. Am J Clin Nutr. Dec
2004;80(6 Suppl):1748S-1751S. [FREE Full text] [doi: 10.1093/ajcn/80.6.1748S] [Medline: 15585799]

VlesJ, van Zutphen S, Hasaart T, Dassen W, Lodder J. Supine and prone head orientation preferencein term infants. Brain
Dev. 1991;13(2):87-90. [doi: 10.1016/s0387-7604(12)80112-4] [Medline: 1892225]

Ronnqvist L, Hopkins B. Head position preference in the human newborn: a new look. Child Dev. Feb 1998;69(1):13-23.
[doi: 10.1111/j.1467-8624.1998.tb06129.x] [Medline: 9499553]

Losee JE, Mason AC, Dudas J, Hua LB, Mooney MP. Nonsynostotic occipital plagiocephaly: factors impacting onset,
treatment, and outcomes. Plast Reconstr Surg. May 2007;119(6):1866-1873. [doi: 10.1097/01.prs.0000259190.56177.ca]
[Medline: 17440367]

Glasgow TS, Siddiqi F, Hoff C, Young PC. Deformational plagiocephaly: development of an objective measure and
determination of its prevalence in primary care. J Craniofac Surg. Jan 2007;18(1):85-92. [doi:
10.1097/01.scs.0000244919.69264.bf] [Medline: 17251842]

van Vlimmeren LA, Helders PJ, van Adrichem LN, Engelbert RH. Torticollis and plagiocephaly in infancy: therapeutic
strategies. Pediatr Rehabil. 2006;9(1):40-46. [doi: 10.1080/13638490500037904] [Medline: 16352505]

Greve KR, Goldsbury CM, Simmons EA. Infants with congenital muscular torticollis requiring supplemental physical
therapy interventions. Pediatr Phys Ther. Jul 01, 2022;34(3):335-341. [doi: 10.1097/PEP.0000000000000906] [Medline:
35616484]

Ardic C, UstaO, Omar E, Yildiz C, Memis E. Effects of infant feeding practices and maternal characteristics on early
childhood obesity. Arch Argent Pediatr. Feb 01, 2019;117(1):26-33. [FREE Full text] [doi: 10.5546/aap.2019.eng.26]
[Medline: 30652443]

Ross CE, Mirowsky J. Theinteraction of personal and parental education on health. Soc Sci Med. Feb 2011;72(4):591-599.
[FREE Full text] [doi: 10.1016/j.socscimed.2010.11.028] [Medline: 21227556]

Moon RY, LoCasale-Crouch J, Turnbull KL, Colson E, Kellams A, Heeren T, et al. Investigating mechanisms for maternal
education disparitiesin enacting health-promoting infant care practices. Acad Pediatr. 2020;20(7):926-933. [doi:
10.1016/j.acap.2020.03.008] [Medline: 32201345]

Marchac A, Arnaud E, Di Rocco F, Michienzi J, Renier D. Severe deformational plagiocephaly: long-term results of surgical
treatment. J Craniofac Surg. Jan 2011;22(1):24-29. [doi: 10.1097/SCS.0b013e3181f7dd4a] [Medline: 21187754]
Lennartsson F, Nordin P. Nonsynostatic plagiocephaly: achild health care intervention in Skaraborg, Sweden. BMC Pediatr.
Feb 06, 2019;19(1):48. [FREE Full text] [doi: 10.1186/s12887-019-1405-y] [Medline: 30727985]

Duva S, Tweedie R. Trim and fill: a simple funnel-plot-based method of testing and adjusting for publication biasin
meta-analysis. Biometrics. Jun 2000;56(2):455-463. [Medline: 10877304]

Bialocerkowski AE, Vladusic SL, Wei Ng C. Prevalence, risk factors, and natural history of positional plagiocephaly: a
systematic review. Dev Med Child Neurol. Aug 2008;50(8):577-586. [FREE Full text] [doi:
10.1111/j.1469-8749.2008.03029.x] [Medline: 18754894]

De Bock F, Braun V, Renz-Polster H. Deformational plagiocephaly in normal infants: a systematic review of causes and
hypotheses. Arch Dis Child. Jun 2017;102(6):535-542. [doi: 10.1136/archdischild-2016-312018] [Medline: 28104626]

https://www.i-jmr.org/2024/1/e55695 Interact JMed Res 2024 | vol. 13 | €55695 | p. 22

(page number not for citation purposes)


http://dx.doi.org/10.1001/archpediatrics.2011.42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21464373&dopt=Abstract
https://europepmc.org/abstract/MED/35497110
http://dx.doi.org/10.22037/ijcn.v16i1.28524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35497110&dopt=Abstract
http://dx.doi.org/10.3233/PRM-160396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27935564&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm9010021
http://dx.doi.org/10.3390/jcm9010021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31861739&dopt=Abstract
https://europepmc.org/abstract/MED/27815732
https://europepmc.org/abstract/MED/27815732
http://dx.doi.org/10.1007/s00431-016-2800-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27815732&dopt=Abstract
https://europepmc.org/abstract/MED/25382635
http://dx.doi.org/10.1111/mcn.12153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25382635&dopt=Abstract
http://dx.doi.org/10.1002/dev.420230105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2340956&dopt=Abstract
http://dx.doi.org/10.1016/j.earlhumdev.2011.04.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21664772&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0002-9165(22)03778-9
http://dx.doi.org/10.1093/ajcn/80.6.1748S
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15585799&dopt=Abstract
http://dx.doi.org/10.1016/s0387-7604(12)80112-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1892225&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-8624.1998.tb06129.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9499553&dopt=Abstract
http://dx.doi.org/10.1097/01.prs.0000259190.56177.ca
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17440367&dopt=Abstract
http://dx.doi.org/10.1097/01.scs.0000244919.69264.bf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17251842&dopt=Abstract
http://dx.doi.org/10.1080/13638490500037904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16352505&dopt=Abstract
http://dx.doi.org/10.1097/PEP.0000000000000906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35616484&dopt=Abstract
https://doi.org/10.5546/aap.2019.eng.26
http://dx.doi.org/10.5546/aap.2019.eng.26
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30652443&dopt=Abstract
https://europepmc.org/abstract/MED/21227556
http://dx.doi.org/10.1016/j.socscimed.2010.11.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21227556&dopt=Abstract
http://dx.doi.org/10.1016/j.acap.2020.03.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32201345&dopt=Abstract
http://dx.doi.org/10.1097/SCS.0b013e3181f7dd4a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21187754&dopt=Abstract
https://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-019-1405-y
http://dx.doi.org/10.1186/s12887-019-1405-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30727985&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10877304&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1111/j.1469-8749.2008.03029.x
http://dx.doi.org/10.1111/j.1469-8749.2008.03029.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18754894&dopt=Abstract
http://dx.doi.org/10.1136/archdischild-2016-312018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28104626&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Hillyar et &

61. Inchingolo AA, Inchingolo AM, Piras F, Malcangi G, Patano A, Di Pede C, et a. A systematic review of positional
plagiocephaly prevention methods for patientsin development. Applied Sciences. Nov 04, 2022;12(21):11172. [doi:
10.3390/app122111172]

62. Martiniuk AL, Vujovich-Dunn C, Park M, Yu W, Lucas BR. Plagiocephaly and developmental delay: a systematic review.
JDev Behav Pediatr. Jan 2017;38(1):67-78. [doi: 10.1097/DBP.0000000000000376] [Medline: 28009719]

63. Rohde JF, Goya NK, Slovin SR, Hossain J, Pachter LM, Di Guglielmo MD. Association of positional plagiocephaly and
developmental delay within aprimary care network. J Dev Behav Pediatr. 2021;42(2):128-134. [FREE Full text] [doi:
10.1097/DBP.0000000000000860] [Medline: 33538454]

64. Fontana SC, Daniels D, Greaves T, Nazir N, Searl J, Andrews BT. Assessment of deformational plagiocephaly severity
and neonatal developmental delay. J Craniofac Surg. Nov 2016;27(8):1934-1936. [doi: 10.1097/SCS.0000000000003014]
[Medline: 28005729]

65. AndrewsBT, Fontana SC. Correlative vs. causative relationship between neonatal cranial head shape anomalies and early
developmental delays. Front Neurosci. 2017;11:708. [FREE Full text] [doi: 10.3389/fnins.2017.00708] [Medline: 29311788]

66. HaEK, Lee SW, Kim JH, LeeE, ChaHR, Han BE, et a. Associations between delayed introduction of complementary
foods and childhood health consequences in exclusively breastfed children. Nutrients. Jul 31, 2023;15(15):3410. [FREE
Full text] [doi: 10.3390/nu15153410] [Medline: 37571347]

67. Rasmussen SH, Shrestha S, Bjerregaard LG, Angquist LH, Baker JL, Jess T, et al. Antibiotic exposure in early life and
childhood overweight and obesity: a systematic review and meta-analysis. Diabetes Obes Metab. Jun 25,
2018;20(6):1508-1514. [doi: 10.1111/dom.13230] [Medline: 29359849]

68. HaEK, KimJH, Park D, LeeE, Lee SW, Jee HM, et a. Personal exposure to total VOC is associated with symptoms of
atopic dermatitis in schoolchildren. J Korean Med Sci. Feb 28, 2022;37(8):e63. [FREE Full text] [doi:
10.3346/jkms.2022.37.e63] [Medline: 35226421]

Abbreviations

aOR: adjusted odds ratio

DDH: developmenta dysplasia of the hip

DP: deformational plagiocephaly

GRADE: Grading of Recommendations Assessment, Development, and Evaluation
OR: oddsratio

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RR: risk ratio

Edited by T de Azevedo Cardoso; submitted 20.12.23; peer-reviewed by SSAlemu, SW Lee, M Hikosaka; commentsto author 14.05.24;
revised version received 29.05.24; accepted 29.07.24; published 18.09.24

Please cite as:

Hillyar CRT, Bishop N, Nibber A, Bell-Davies FJ, Ong J

Assessing the Evidence for Nonobstetric Risk Factors for Deformational Plagiocephaly: Systematic Review and Meta-Analysis
Interact J Med Res 2024;13:€55695

URL: https://wwww.i-jmr.org/2024/1/€55695

doi: 10.2196/55695

PMID: 39292504

©Christopher Robert Timothy Hillyar, Natalie Bishop, Anjan Nibber, Frances Jean Bell-Davies, Juling Ong. Originally published
in the Interactive Journal of Medical Research (https://www.i-jmr.org/), 18.09.2024. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Interactive
Journal of Medical Research, is properly cited. The complete bibliographic information, a link to the original publication on
https.//www.i-jmr.org/, as well as this copyright and license information must be included.

https://www.i-jmr.org/2024/1/e55695 Interact JMed Res 2024 | vol. 13 | €55695 | p. 23
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.3390/app122111172
http://dx.doi.org/10.1097/DBP.0000000000000376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28009719&dopt=Abstract
https://europepmc.org/abstract/MED/33538454
http://dx.doi.org/10.1097/DBP.0000000000000860
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33538454&dopt=Abstract
http://dx.doi.org/10.1097/SCS.0000000000003014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28005729&dopt=Abstract
https://europepmc.org/abstract/MED/29311788
http://dx.doi.org/10.3389/fnins.2017.00708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29311788&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu15153410
https://www.mdpi.com/resolver?pii=nu15153410
http://dx.doi.org/10.3390/nu15153410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37571347&dopt=Abstract
http://dx.doi.org/10.1111/dom.13230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29359849&dopt=Abstract
https://jkms.org/DOIx.php?id=10.3346/jkms.2022.37.e63
http://dx.doi.org/10.3346/jkms.2022.37.e63
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35226421&dopt=Abstract
https://www.i-jmr.org/2024/1/e55695
http://dx.doi.org/10.2196/55695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39292504&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

