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The prevalence of deformational plagiocephaly (DP) has increased since the
recommendation of positioning infants to their back during sleeping and is affected by
various biological and environmental factors. This study aimed to investigate associations
between DP and perinatal or infant characteristics, including obesity. This case—control
study included 135 infants (81 males) aged 2—-12 months who were diagnosed with
DP using calculated cranial vault asymmetric index and cranial index and 135 age- and
sex-matched controls. Motor development was evaluated using the Alberta Infant Motor
Scale, and obesity was defined by body mass index. Univariate and multivariate logistic
regression models were used to assess potential risk factors for DP and its severity.
One hundred thirty-five infants with DP were divided into the following three subgroups
according to severity indicated by the cranial vault asymmetry index: mild to moderate
group (n = 87, 64.4%), severe group (n = 48, 35.6%), and a combined plagiocephaly and
brachycephaly group (n = 79, 58.5%). Independent risk factors significantly associated
with development of DP were bottle-only feeding (adjusted odds ratio (@OR) = 4.65;
95% CI: 2.70-8.00), little tummy time when awake (aOR = 3.51, 95% CI: 1.71-7.21),
delay of motor development (aOR = 2.85, 95% Cl: 1.08-7.49), and obesity at diagnosis
(@OR = 2.45, 95% Cl: 1.02-5.90). Among these risk factors, delay of motor development
(@OR = 4.91, 95% ClI: 1.46-16.51) and obesity at diagnosis (aOR = 4.10, 95% ClI:
1.42-11.90) were particularly related to severe DP. In conclusion, this study confirms
that DP risk is positively associated with bottle-only feeding, infrequent tummy time,
and delayed development of motor milestones. Notably, this study demonstrates infant
obesity as a new risk factor for DP. Our findings suggest that obesity should be identified
early and managed comprehensively in infants with DP.
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INTRODUCTION

Deformational plagiocephaly (DP) is an asymmetry of the skull
caused by external pressure on an infant’s head in the absence
of premature craniosynostosis (1-3). The prevalence of DP
has increased since the 1990s when the American Academy of
Pediatrics issued a “Back to Sleep” recommendation to reduce the
risk of sudden infant death syndrome, and DP occurs in about
38-47% of infants at 3-4 months of age (4-6). In recent years,
due to the initiation of the national health screening system for
infants and children, the diagnosis of DP has further increased,
and as cranial remodeling orthotic treatment becomes popular,
parents’ interest in treating DP has also increased (7).

Deformational plagiocephaly develops in infants aged 6-
8 weeks, whose heads grow rapidly while lying down, and
this is analogous to how a pumpkin flattens as it grows
on the ground (“Pumpkin Analogy”) (1). Later, DP can be
improved naturally as infants grow and corrected early by
counter-positioning or physiotherapy (8-10). However, infants
with severe deformation aged 4-6 months and those with
deformation without improvement after 6 months of age may
optionally require cranial remodeling orthotic treatment before
12 months of age, and this treatment is considerably expensive
and lengthy and requires continuous care, which can be a
burden to parents (11). In addition, some infants with severe
DP are known to have facial asymmetry, ear misalignment,
positional torticollis, or neurodevelopment problems, such as
delayed motor development and cognitive learning disorder
(3, 12-14), suggesting that DP is not just a cosmetic issue but
may be associated with increased risk of neurodevelopment
problems (15-17). Therefore, it is important to detect DP early
in childhood and identify associated factors to prevent and
manage DP.

The prevalence of DP increases dramatically in the first 2
months after birth and is affected by various biological and
environmental factors (2, 18-20). Proposed biological risk factors
for DP include male, torticollis, preferred head position or
orientation, higher birth weight, macrocephaly at birth, lower
level of activity, and developmental delays (21, 22). Obstetric
factors, such as birth order, mode of delivery, prematurity,
intrauterine position, multiple birth, or oligohydramnios, are also
reported as potential risk factors for DP, although the results of
these studies are inconsistent (21, 23, 24). In addition, infant care
practice is a risk factor strongly related to the development of DP
and includes not varying positions during daily tasks (feeding,
asleep, awake, or bottle feeding) and infrequent tummy time.
Although many risk factors for DP have been investigated, the
findings differ depending on the study cohort and design (2, 19,
23). Indeed, differences in culture-specific beliefs and caregiving
practices between families would likely promote different risk
factors (19, 25). Although many parents are aware of the need
for a supine sleep position in early infants, they are unaware
of the need for varying positions or promoting activities, such
as tummy time, when infants are awake. In particular, because
tummy time is an important physical activity that can prevent
cranial deformation, stimulate motor development, and reduce
obesity, the lack of tummy time, cranial deformation, obesity,

and developmental delay have close associations with each other
and should be managed concurrently (16, 26). Studies have
investigated the association of tummy time and delayed motor
development with DP; however, there are little data on the
association between DP and infant obesity. Therefore, this age-
and sex-matched case—control study of infants with DP aimed
to determine the risk factors for DP and its severity, as well as
the association between DP and infant obesity as defined by body
mass index (BMI).

MATERIALS AND METHODS

Participants

This study was approved by the CHA Gangnam Medical
Center Institutional Review Board (GCI 2020-05-010). Informed
consent was not required for this study because it is practically
impossible to obtain consent during the retrospective study.
Request for waiver of informed consent was approved by the
ethics committee due to the retrospective nature of the study.
Participants included 135 infants with DP and 135 age- and
sex-matched controls enrolled between June 1, 2016 and May
30, 2020 from the CHA Gangnam Medical Center. Inclusion in
the study was based on the following criteria: (1) infants were
between 2 and 12 months old at the time of diagnosis of DP,
(2) cranial index (CI) and cranial vault asymmetry index (CVAI)
were assessed using a three-dimensional digital scanner or caliper
measurements, and (3) neuroimaging results were negative for
craniosynostosis. Any infants with insufficient clinical data,
congenital muscular torticollis, congenital anomalies such as
craniofacial or chromosomal anomalies, or any birth injury
were excluded. Age- and sex-matched controls were randomly
selected from the national health screening system for infants and
children, and they were confirmed to have no cranial deformation
on physical examination.

Case Definition

In this study, all cases were diagnosed with positional,
deformational, or non-synostotic plagiocephaly by a health care
provider (E-HK), and each case was assigned a cranial vault
asymmetry (CVA) value and a CI value to diagnose head
deformation and assess its severity. The CVA, which defines the
degree of asymmetry, is the difference in the cranial diagonals
between the two sides. The CVAI is computed by dividing the
total CVA by the shorter diagonal distance and then multiplying
by 100 to be reported as a percentage (27). The CI, which
defines the broadness of head proportion, is defined as head
width divided by head length, and then multiplied by 100 and
is reported as a percentage. Deformational plagiocephaly was
diagnosed when the CVA was >10mm and the CVAI was
>3.5% (1, 8). The severity of DP was categorized as mild,
moderate, or severe based on the validated Children’s Healthcare
of Atlanta (CHOA) scale (28). Mild DP was defined as a
CVAI between 3.5 and 6.25, moderate was defined as a CVAI
between 6.25 and 8.75, and severe was defined as a CVAI >8.75
(28). Although the DP head shape has been described using
the CHOA scale, no uniform scale exists for brachycephalic
head shapes and a combination of the two deformations. Based
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on a variety of published scales in the literature and the
author’s clinical expertise, DP combined with brachycephaly
was diagnosed when the CI was >90% (29, 30). All cranial
measurements were obtained using a three-dimensional digital
scanner (STARscanner; Orthomerica Orlando, FL, USA), and
anthropometric measurements were obtained with calipers by a
sole experienced pediatric neurologist (E-HK).

Measures

To investigate the associated factors for DP, we obtained perinatal
and infant data from the electronic medical records and selected
potential risk factors based on the literature review (2, 17).
Clinical data of perinatal factors, including gestational age,
weight, and head circumference at birth, multiple births, delivery
mode, maternal age, maternal parity, presentation at birth,
the presence of cephalopelvic disproportion, oligohydramnios,
uterine malformations, and prolonged labor, were collected.
Infant factors included sex, age at diagnosis, weight, height, head
circumferences at diagnosis, types of feeding (breast feeding,
mixed feeding, and only bottle feeding) between 2 and 6 months
of age, frequency of tummy time (>5min) when awake per day
before roll-over, and a delay in motor development at diagnosis.
To assess obesity at diagnosis, BMI (kg/m?) was calculated
using weight and height, and BMI z-score and percentile were
calculated using sex-specific values according to the 2006 WHO
Child Growth Standards with WHO Anthro 2009 Software (31).
Specific BMI percentile cutofts to define children aged <2 years
as overweight or obese have yet to be agreed upon. However,
based on the general recommendation from the WHO charts
and published scales in the literature, cutoffs were defined as
follows: overweight was defined as BMI z-score > 41 SD
(BMI > 85th percentile); obesity as BMI z-score > +2 SD
(BMI > 97th percentile) (26, 32-34); normal weight as —1
SD < BMI z-score <+1 SD (15th percentile < BMI < 85th
percentile); underweight as BMI z-score <-1 SD (BMI < 15th
percentile) (26, 32-34). Information about tummy time was
obtained through interviews, and “little” tummy time was defined
as tummy time of 5min or more but <3 times per day (11).
Motor development was assessed through physical examination,
and the Alberta Infant Motor Scale (AIMS), a highly reliable and
valid measure, was used to examine the spontaneous qualitative
gross motor movement repertoire of infants in supine, prone,
sitting, and standing positions (35). When the AIMS z-score
was <-1 SD, the infant was classified as having delayed motor
development (35). Factors related to DP, including the side of a
flat spot, the presence of positional torticollis, facial asymmetry
and brachycephaly, method of measurement, measured fronto-
occipital diameter, biparietal diameter, and the transcranial
diagonals (frontotemporal-lambdoid), were collected. Positional
torticollis was defined as the head tilt caused by a positional
preference of the head without evidence of morphological
changes in the neck muscle (36).

Statistical Analysis

Categorical data are presented as values and percentages, and
continuous data as mean and SD. Perinatal and infant factors
were analyzed in all infants with DP compared with controls.

Infants in each subgroup (mild to moderate DP or severe
DP) were compared with controls, and infants with severe
DP were compared with those with mild to moderate DP,
first by univariate model and then by multivariate model.
Univariable analysis was performed to assess risk factors for all
DP, mild to moderate DP, and severe DP, and the associations
between potential risk factors and each group were shown by
odds ratio (OR) and 95% CI. Multivariable logistic regression
analysis was performed to minimize the confounding effects by
adjusting for potential confounders identified in the univariate
analysis and to identify independent risk factors for all, mild to
moderate, and severe DP cases. Group differences of continuous
variables were assessed using paired t-test, independent-samples
t-test, and one-way ANOVAs. A p-value <0.05 was considered
statistically significant. All data were analyzed using IBM SPSS
26.0 (Armonk, NY, USA).

RESULTS

Clinical Characteristics of Infants With

Deformational Plagiocephaly

In total, 135 infants with DP participated in this study (81 males
and 54 females), and the mean age at diagnosis was 5.3 £ 1.8
months. Of the 135 infants, 56 (41.5%) had only plagiocephaly,
and 79 (58.5%) had a combination of plagiocephaly and
brachycephaly. The posterior flat side was on the right in 90
infants (66.7%) and on the left in 45 infants (33.3%). Positional
torticollis was identified in 26 infants (19.3%).

One hundred thirty-five infants with DP were divided into the
following two subgroups according to the severity indicated by
the CVAI: mild to moderate group (n = 87, 64.4%) and severe
group (n = 48, 35.6%).

Risk Factors for Deformational
Plagiocephaly

Perinatal and infant characteristics of cases and controls are
summarized in Table 1. Compared with controls, infants with
DP were more likely to have only been bottle-fed (p < 0.001),
have little tummy time when awake (p < 0.001), be obese at
the time of diagnosis (BMI > 97th percentile) (p = 0.007),
and present with delayed motor development (p = 0.044).
However, previously proposed risk factors such as history of
prematurity, large for gestational age, macrocephaly at birth,
maternal history of vaginal delivery, multiple births, primiparity,
and macrocephaly at the time of diagnosis were not significantly
different between infants with DP and controls. Moreover, we
found no difference between infants with DP and controls in
mean values of gestational age, singleton birth weight, maternal
age, and BMI at diagnosis.

Multivariate analysis found that DP was independently
associated with only bottle feeding (adjusted odds ratio (aOR) =
4.65; 95% CI: 2.70-8.00) and little tummy time when awake (aOR
= 3.51, 95% CI: 1.71-7.21). In addition, a 2-fold increase in DP
risk was observed in individuals with delayed motor development
(aOR = 2.85, 95% CI: 1.08-7.49) and obesity at diagnosis (aOR
= 2.45,95% CI: 1.02-5.90) (Table 2).
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TABLE 1 | Clinical profile of cases and matched controls and odds ratios (ORs) for all, mild to moderate, and severe deformational plagiocephaly (DP) cases.

Controls (n = 135) Cases (n = 135) Univariate analysis? Mild to Univariate analysis® Severe DP (n = 48) Univariate analysis®
moderate DP
(n=287)
p-values OR (95% CI) p-values OR (95% CI) p-values OR (95% CI)
Male, n (%) 81 (60.0) 81 (60.0) Matched 52 (59.8) 0.973  0.99 (0.57-1.72) 29 (60.4) 0.960  1.02 (0.52-2.00)
Age at diagnosis, months, mean + SD 52+19 53+18 Matched 53+16 0.836 53+2.1 0.824
Perinatal variables
Gestational age, weeks, mean + SD 385+ 1.8 384 +1.6 0.560 384 +1.6 0.655 383+1.7 0.625
Prematurity, n (%) 16 (11.9) 23 (17.0) 0.240 1.62 (0.76-3.02) 16 (18.4) 0.186  1.66 (0.78-3.593) 7 (14.6) 0.637  1.26(0.48-3.28)
Singleton birth weight, g, mean + SD 3,149.1 +428.3 3,126.9 + 443.3 0.697 3,042.5 +£503.1  0.808 3,066.5 + 434.2 0.929
LGA, n (%) 15(11.1) 11 (8.1) 0.410 0.71 (0.31-1.61) 7(8.0) 0.457 0.70 (0.27-1.79) 4(8.9) 0.589 0.73 (0.23-2.31)
Maternal age, years, 34.9+3.5 345+3.8 0.536 345+ 3.4 0.652 34.6 £4.8 0.755
mean + SD
Primiparity, n (%) 122 (90.4) 114 (84.4) 0.146  0.58 (0.28-1.21) 75 (86.2) 0.340  0.67 (0.29-1.54) 39 (81.3) 0.101  0.46 (0.18-1.16)
Vaginal delivery, n (%) 53 (39.3) 63 (46.7) 0.220  1.35(0.84-2.20) 40 (46.0) 0.753  1.09 (0.63-1.89) 23 (47.9) 0.297  1.42 (0.73-2.76)
Multiple birth, n (%) 18 (13.4) 15 (11.1) 0.560 0.81(0.39-1.67) 12 (13.8) 0.939 1.03 (0.47-2.26) 3(6.9) 0.192 0.43 (0.12-1.53)
Infant variables at diagnosis
Only bottle feeding, n (%) 50 (37.0) 97 (71.9) <0.001  4.34 (2.60-7.25) 63 (72.4) <0.001  4.46 (2.48-8.02) 34 (70.8) <0.001 4.13 (2.02-8.43)
Little tummy time 95 (70.4) 121 (89.6) <0.001 3.64 (1.87-7.08) 77 (88.5) 0.002  3.24 (1.52-6.90) 44 (91.7) 0.006 4.63
when awake, n (%) (1.56-13.75)
BMI (kg/m?) at diagnosis, mean + SD 178+ 1.4 18.1+1.8 0.157 181 +£1.8 0.139 18.0+1.8 0.392
Underweight, n (%) 4(3.0) 7(5.2) 0.271 2.03 (0.58-7.20) 6 (6.9) 0.125 2.79 1(2.1) 0.823  0.78(0.08-7.21)
(0.75-10.35)
Normal weight, n (%) 93 (68.9) 80 (59.9) 50 (57.5) 0.068 30 (62.5) 0.063
Overweight, n (%) 29 (21.5 24 (17.8) 0.902  0.96 (0.52-1.79) 19 (21.8) 0.806  1.09 (0.55-2.18) 5(10.4) 0.235 0.53
(0.19-1.508)
Obese, n (%) 9(6.7) 24 (17.8) 0.007  3.10 (1.36-7.06) 12 (13.8) 0.021  2.89 (1.17-7.15) 12 (25.0) 0.004 413
(1.59-10.77)
Macrocephaly, n (%) 12 (8.9) 17 (12.6) 0.426 1.38 (0.63-3.04) 12 (13.8) 0.372 1.48 (0.62-3.53) 5(10.4) 0.754 1.19(0.40-3.58)
Delayed motor development, n (%) 8 (5.9 18 (13.3) 0.044  2.44(1.02-5.83) 9(10.3) 0.232  1.83(0.68-4.95) 9(18.9) 0.012 3.66
(1.32-10.14)

BMI, body mass index; DR, deformational plagiocephaly; LGA, large for gestational age; OR, odds ratio.

aUnivariable logistic regression analyses of risk factors associated with deformational plagiocephaly. ® Univariable logistic regression analyses of risk factors associated with mild to moderate deformational plagiocephaly. ¢Univariable
logistic regression analyses of risk factors associated with severe deformational plagiocephaly.
Significant P-values (< 0.05) are indicated in bold.
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TABLE 2 | Multivariable analysis on the association between clinical variables and
all, mild to moderate, and severe deformational plagiocephaly (DP) cases.

Independent risk factors Adjusted OR 95% CI p-values

For DP

Only bottle feeding 4.65 2.70-8.00 <0.001

Little tummy time when awake 3.51 1.71-7.21 0.001

Delay of motor development 2.85 1.08-7.49 0.034

Obesity (BMI >97th percentile) 2.45 1.02-5.90 0.045

For mild to moderate DP

Only bottle feeding 4.68 2.55-8.60 <0.001

Little tummy time when awake 3.22 1.44-717 0.004

Obesity (BMI > 97th percentile) 2.29 0.86-6.05 0.096

For severe DP

Only bottle feeding 5.14 2.00- <0.001
11.10

Little tummy time when awake 513 1.57- 0.007
16.73

Delay of motor development 4,91 1.46- 0.010
16.51

Obesity (BMI > 97th percentile) 410 1.42- 0.009
11.90

Comparisons According to the Severity of

Deformational Plagiocephaly

Compared with controls, infants with mild to moderate DP were
more likely to have only been bottle-fed (p < 0.001), have little
tummy time when awake (p = 0.002), and be obese at the time
of diagnosis (p = 0.021), and those with severe DP were more
likely to have only bottle feeding (p < 0.001), have little tummy
time when awake (p = 0.006), be obese at diagnosis (p = 0.004),
and have a delay in motor development (p = 0.012) (Table 1). In
the univariate analysis, only bottle feeding was associated with
a 4-fold increased risk of mild to moderate DP (aOR = 4.46,
95% CI: 2.48-8.02) and severe DP (aOR = 4.13, 95% CI: 2.02-
8.43) compared with controls. Little tummy time when awake
was associated with a 3-fold increased risk of mild to moderate
DP (aOR = 3.24,95% CI: 1.52-6.90) and a 4-fold increased risk of
severe DP (aOR = 4.63, 95% CI: 1.56-13.75). In addition, obesity
at diagnosis increased the risk of mild to moderate DP by 2-fold
(aOR = 2.89, 95% CI: 1.17-7.15) and severe DP by 4-fold (aOR =
4.13,95% CI: 1.59-10.77). The risk of severe DP was increased by
3-fold in infants with delayed motor development (aOR = 3.66,
95% CI: 1.32-10.14). The multivariate analysis for each subgroup
showed that only bottle feeding (mild to moderate: aOR = 4.68,
95% CI: 2.55-8.60; severe: aOR = 5.14, 95% CI: 2.00-11.10) and
little tummy time when awake (mild to moderate: aOR = 3.22,
95% CI: 1.44-7.17; severe: aOR = 5.13, 95% CI: 1.57-16.73)
were significantly associated with both the mild to moderate and
severe DP groups. Delay of motor development (aOR = 4.91,
95% CI: 1.46-16.51) and obesity at diagnosis (aOR = 4.10, 95%
CI: 1.42-11.90) were significantly associated only with severe
DP (Table 2). The comparison between the mild to moderate
group and the severe group and the comparison between groups

according to brachycephaly accompanying or not showed no
significant differences in all the variables.

DISCUSSION

In this study, we found that only bottle feeding, little tummy
time when awake, delay of motor development, and obesity
(BMI > 97th percentile) at diagnosis were significantly associated
with increased risk of DP. Among these risk factors, delay of
motor development and obesity at diagnosis were particularly
related to severe DP. Only bottle feeding, little tummy time,
and delay of motor development have been identified as risk
factors in previous studies, and this study is the first to identify
infant obesity (defined by a BMI) as an additional risk factor
for DP. This study confirms that infant care relates to DP
and its severity; specifically, our findings suggest that infant
obesity should be managed together with adjustments in feeding
method/position, inclusion of tummy time, and attention to
motor development status.

Many studies have demonstrated that unvarying positioning
highly contributes to the development of positional preference
and positional cranial deformation (2, 6, 17, 18, 23). Risk factors
for DP identified in this study included bottle feeding, little
tummy time, and delay of motor development. Indeed, only
bottle feeding (mostly being fed on the same arm) and little
tummy time when awake, along with position while sleeping,
have been considered important positioning variables. Factors
that have promoted a greater prevalence in bottle feeding
include women’s increased participation in society, increase in
maternal age, increase in the number of mothers, and failure to
breast feed exclusively. Both failure to exclusive breast feed and
infrequent tummy time can result from lack of education and
awareness of proper handling and head positioning and may be
contributing factors for high risk of DP in infants (23). Notably,
we found an association between delayed motor development
and DP, particularly severe DP. Some studies suggest that
limited exposure to awake prone positioning is significantly
associated with delayed motor development, although the causal
relationship between the two factors is difficult to establish
(23, 37). Our findings also suggest that unvarying position
and body or head positional preference that may have been
caused by delayed motor development may be related to DP
occurrence, as demonstrated in a previous study (38). Therefore,
DP can be a contributor to the elevated risk of delayed motor
development, and it is necessary to identify early whether
motor development is normal in infants with DP (16, 26,
38). If there is a delay in motor development in infants with
DP, early detection of underlying causes and risk factors can
aid in implementing interventions, such as physical therapy,
and improving neurodevelopment outcomes, thereby preventing
severe cranial deformation.

To date, few studies have examined the association between
DP and infants’ body weight at diagnosis. This study is the first
to evaluate the relationship between DP and infant obesity as
defined by BMI. Because BMI during the infant period increases
until about 6 months after birth and then gradually decreases, the
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risk of overweight and obesity increases when there is excessive
lactation or limited physical activity during the first 6 months
(34, 39). In addition, being overweight or obese can make non-
varying positioning worse by slowing down and decreasing
movement (26). Notably, the first 6 months is also a period
when the anterior fontanelle is open and the skull bone grows
rapidly; therefore, the risk of cranial deformation is high during
that period (40). Our findings suggest a possible mechanism
of DP: Overweight or obesity may be the consequence of low
physical activity (such as infrequent tummy time), but supine
position preference or non-varying position due to overweight
or obesity may also contribute to the development of DP,
especially severe DP; in other words, DP could be a marker
for elevated risk not only for delayed motor development but
also for infant obesity. Therefore, it is especially important
to assess obesity in infants diagnosed with DP to improve
health outcomes due to obesity and prevent the progression to
severe DP.

Many studies have demonstrated that rapid or excessive
weight gain during infancy is associated with increased risk of
childhood or later-life obesity and cardiometabolic dysregulation
(26, 41). Traditionally, the clinical guidelines recommend using
weight-for-length (WFL) z-score or percentiles to assess body
proportionality in children aged <2 years. However, growing
evidence indicates that BMI may be a more useful index than
WEL for assessing adiposity in infants or for predicting the future
risk of obesity (26, 39, 42). In this study, both WFL and BMI
(z-score and percentile) were identified as indicators of obesity,
but only BMI had a significant association with the development
and severity of DP. Therefore, it is necessary to use BMI as well
as WFL to assess obesity in infants diagnosed with DP so that
obesity is not underestimated, and infant obesity and DP are
comprehensively evaluated and dually managed.

If DP is not detected in the early stages and left to
worsen, facial asymmetry or positional torticollis may also
worsen (43, 44), and months of treatment and excessive
medical expenses may be required for cranial remodeling
(1, 3). In addition, DP is not a minor or purely cosmetic
concern, as shown in this study, but is associated with
important health problems such as neurodevelopment delays
and infant obesity (17, 26). Therefore, there is a need for
a multidisciplinary approach and comprehensive management
of DP. However, there are concerns that DP is related to
various medical specialties, such as pediatrics, neurosurgery,
and plastic surgery, and issues other than DP can sometimes
be overlooked. Therefore, physicians treating DP should not
only pay attention to early detection and intervention for
DP but also be able to recognize and manage other health
problems associated with DP, such as neurodevelopment
and obesity.

This case-control study has several limitations. First, given the
retrospective nature of this study, it was difficult to accurately
identify the causal relationship between DP and clinical variables
and assess the absolute risk of them; in addition, a large number
of independent variables compared with the number of objects
and the small number of objects of each subgroup might have
influenced the results, and the associated factors identified in this

study may change depending on different parenting conditions
or care habits in other countries or at different time periods
(25, 45). Second, our case definition relied on a clinician’s
objective assessment of the infant head shape, but some controls
might have had plagiocephaly, which could have biased OR
estimates toward the null. Third, two different measurement
methods were used in the diagnosis and severity evaluation
of DP. However, given that all infants were diagnosed by a
clinician who had expertise and experience in plagiocephaly,
such misclassification is unlikely. Fourth, the absence of data
on sleep position, positional preference when awake, positioning
during feeding, and head shape at birth is also a limitation of
our study; however, the absence of these data is unlikely to
undermine the significant association between other variables
and DP in this study. Fifth, there was no detailed information on
tummy time. Thus, the analysis of the variable was simply done
in two categories: little tummy time or average tummy time. To
clarify the relationship, it is necessary to analyze the tummy time
according to age in more detail. Sixth, this study used only AIMS
for the assessment of motor development. For a more accurate
evaluation of motor development, it is necessary to use other
standardized motor development assessment tools, in addition to
the AIMS.

In conclusion, our findings confirm that DP risk is positively
associated with bottle-only feeding, infrequent tummy time,
and delayed development of motor milestones. In addition, this
study supports the association between severe DP, a delay in
motor development, and infant obesity, which may predispose
infants to lower activity levels and less varied positioning.
Notably, we identified infant obesity as a new factor related to
DP. Our findings suggest the need to assess obesity through
BMI levels and to implement preventive practices against
further deterioration in infants diagnosed with DP. Further
prospective and longitudinal controlled studies involving obesity
measurements at multiple time points should be conducted
to advance the understanding of DP and its association with
infant obesity.
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