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Abstract
Positional plagiocephaly (PP) denotes flattening of the skull that occurs frequently in healthy infants. Aim of this study was to
estimate the prevalence of positional plagiocephaly and to identify the risk factors in a cohort of healthy infants in order to help
prevention of PP. In a prospective design, all healthy full-term infants, ranging from 8 to 12 weeks of age, who presented at the
public immunization clinic in Ferrara, were eligible for the study. After obtaining informed consent, we interviewed the parents
and examined the infants using the Argenta’s assessment tool. Of 283 infants examined, 107 (37.8%) were found to have PP at 8—
12 weeks of age. In 64.5%, PP was on the right side, 50.5% were male and 15% presented also with brachycephaly. Risk factors
significantly associated were lower head circumference, advanced maternal age, Italian compared to African, and supine sleep
position, in particular for infants born at 37 weeks, preference for one side of the head. In logistic regression, risk factors
significantly associated were lower birth weight, advanced maternal age, and supine sleep position.

Conclusions: Positional plagiocephaly is a common issue faced by pediatricians; our results reinforce the need of improving
prevention both of sudden infant death and positional plagiocephaly, through uniform messages provided prenatally and post-
natally by different health professionals.

“What is Known:”

*The incidence of positional plagiocephaly varies due to population studied and measuring methods.

*Different factors are considered in the literature as being associated to positional plagiocephaly (infant factors, obstetric factors, infant care practices,
sociodemographic factors).

“What is New:”

*This is one of the few European studies quantifying positional plagiocephaly prevalence in a population of unselected healthy infants.

oIn this study, positional plagiocephaly is confirmed as a common issue, related to some factor (as supine sleep position and positional head prevalence)
that should be addressed in pre and postnatal counseling.

*The prone sleepers rate in our population highlight the need to improve parental awareness regarding SIDS prevention, in particular in borderline
gestational age.
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campaign, the incidence of sudden infant death syndrome
(SIDS) halved from 1992 to 2001. Nevertheless, there was a
dramatic increase in PP, now a relatively common issue faced
by pediatricians [2, 3]. Although the sleep position is consid-
ered the leading risk factor for developing PP, not all supine
sleepers develop plagiocephaly. Several factors have been
linked to this problem: gestational age, obstetric factors as
intrauterine position and oligohydramnios, assisted delivery,
presentation at birth, birth order, male sex, ethnicity, infant
neck problem, developmental delay, and various infant care
practices as tummy time and maternal holding. [4-6].

According to results from a recent review regarding
plagiocephaly in normal infant, PP is the consequence of
gravity acting for a longer period of time in the same
position [6]. Many of the risk factors analyzed in the
review seem to be consistent to this theory, as also stated
by the increase of PP incidence after the Back to Sleep
campaign. It is not possible to obtain from the literature
univocal environmental or lifestyle risk factors that could
be addressed to prevent PP [6].

Even if the overall prognosis is good, the deformity may
persist if not treated early, with adverse psychosocial implica-
tions [7—10]. Infants with PP could be less active compared
with their age-matched peers [2], and some authors also found
an association between plagiocephaly and early developmen-
tal delay, most commonly in motor domains, followed by
language [10]. Developmental assessment is therefore sug-
gested as a part of the management of children with this con-
dition [2, 8, 11, 12]. Furthermore, if promptly managed, fewer
infants will need physical therapy or orthotic helmet therapy,
reducing discomfort and loss of time and money for the fam-
ilies [13].

The reported PP incidence varies with different definitions
and measuring methods, and it appears to be age-dependent,
with a peak of prevalence within the first 6 months of life and
a tendency to decrease up to 2 years [14]. Of the few studies
performed on primary care patient, three were considered
without significant selection bias, on a higher grade of meth-
odological level [6]. However, these studies used different
methodologies: Hutchison et al. [15] performed a set of digital
photographs to follow a population of healthy infants, mostly
full term, with a PP prevalence rate of 16% at 6 weeks, 19.7%
at4 months, decreasing to 3.3% at 24 months. Van Vlimmeren
et al. [16] evaluated healthy term neonates at birth and at
7 weeks with plagiocephalometry and found an increase of
prevalence from 6.1 to 22.1%. Mawji et al. [17] recruited
healthy term infants clinically evaluated with Argenta’s
criteria at 7 to 12 weeks of age, showing a prevalence of
46.6%.

The aim of this study was to estimate the prevalence and
risk factors for PP in a cohort of full-term infants who attended
a public health immunization clinic in Ferrara, Italy, from
January to July 2015.
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Methods
Subjects

For this research, we used a prospective cohort design ap-
proved by the Ethics Committee of Ferrara University
Hospital. All the healthy infants born at term who presented
at the public immunization clinic in Ferrara at § to 12 weeks of
age were considered for the study. Infants affected by cranio-
synostosis, malformations, neurological diseases, or admitted
to the neonatal intensive care unit were considered non-
eligible and excluded from the study.

After giving written informed consent, parents provided
demographic and perinatal data. Detailed information was ex-
tracted from the infant discharge letter. Risk factors included
in the analysis were anthropometric measures at birth, growth
percentiles according to the Italian charts [18], sex, gestational
age, maternal delivery type, multiple gestation,
oligohydramnios, premature rupture of membrane, and infant
birth order. Additional risk factors included were maternal
age, origin and education, infant sleep position, infant head
positional preference noticed by parents, feeding modalities or
difficulties (breastfeeding or bottle feeding, presence of gas-
troesophageal reflux needing therapy), and infant tummy time
(at least two to three times per day of prone positioning when
the infant is awake for more than a few minutes each time, for
at least 1 week).

To define the prevalence of PP and brachycephaly, we
chose Argenta’s assessment tool [19] for its reliability, sim-
plicity, and ease of use [20, 21]. According to the author, five
stages of occipital plagiocephaly are defined with a progres-
sion from minimal to severe deformity: type I is limited to the
posterior flattening of the skull, type Il adds malposition of the
ipsilateral ear, type III adds forehead deformity, type IV adds
malar deformity, and type V adds vertical or temporal com-
pensatory growing of the brain [19]. The same progression is
in brachycephaly levels: type I is restricted to the central pos-
terior skull; type II presents widening of the posterior skull
lateral to the central depression; and in type III, there is com-
pensatory temporal or vertical growth of skull [19].

All the assessments were performed by the primary author
(EB) or by one of the co-authors (GG).

Statistical analyses

The differences in quantitative data were analyzed with the
Student’s ¢ test and the values were given as mean = standard
deviation (SD). The Shapiro-Wilk test was applied to check
for normal distribution and the Bartlett test to check for equal
variances across samples. Fisher’s exact test was used to ex-
amine the significance of the association in 2 x 2 contingency
tables. Values are reported with 95% confidence interval (CI).
Statistical analysis was managed with the software R version
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3.2.2 (www.r-project.org). The Mantel-Haenszel test was per-
formed to estimate the association between two variables tak-
ing into account a third one. The R package “irr” version 0.84
was used to calculate the ICC and inter-rater agreement be-
tween the two examiners (EB and GG) reported as Cohen’s
kappa coefficient.

A multiple logistic regression was fitted to the data to de-
termine the significance of covariates through the stepwise
method of R package “MASS” version 7.3-19. A p value <
0.05 was considered statistically significant.

Results

During the study period, 340 infants went to the immunization
clinic and 35 infants have been excluded due to exclusion
criteria, mainly prematurity. Of the eligible infants, 283 were
recruited (83.2%) while 57 parents refused to enter the project,
26 (46%) of these were of non-Italian nationality. The differ-
ence in proportion of lost infants between Italian and non-
Italian mothers was not significant (p = 0.33). The main peri-
natal and postnatal characteristics of the participants are

presented in Tables 1 and 2. Of note, borderline gestational
age (37 +0 to 37+ 6) was present in 24 infants (8.5%). The
inter-rater agreement between the two observer was 0.83.

Prevalence

The prevalence of PP was 37.8% (107 infants), being more
common on the right side (64.5%). The type and the side of
plagiocephaly, according to Argenta’s assessment tool, are
represented in Fig. 1. Of the 24 infants born at 37 weeks of
gestation, 11 presented PP (45.8%). Brachycephaly was iden-
tified in 34 infants (12% of the population examined). In 16 of
them, both plagiocephaly and brachycephaly were present.
This means that nearly 15% of infants presenting
plagiocephaly showed also brachycephaly.

Perinatal factors

Head circumference (HC) and maternal age appeared to be
significantly associated to PP (Table 1).

In infants with PP, the mean HC at birth was 0.4 cm less
than in infant without PP (no-PP group), and their mothers

Table 1 Maternal and neonatal/
perinatal characteristics

Characteristics Number (%) or mean = SD OR (CD), p
Population, No-PP, PP, N=107
N=283 N=176 (37.8)
(62.2)

Mean age at visit, weeks (range) 11.6 (9.4-12.9) 11.6 (9.4-12.9) 11.7 (10-12.8) N.S.
Birth weight (g) 3333 +451 3370+456 3273 +437 0.07
Head circumference at birth (cm) 343+1.8 345+14 341+1.3 0.01
Gestational age (weeks) 393+1.2 394+1.2 39.2+1.2 N.S
Sex

Male 134 (47.3) 80 (45.5) 54 (50.5) N.S
Female 149 (52.7) 96 (54.5) 53 (49.5)
SGA 25 (8.8) 15 (8.5) 10 9.3) N.S
LGA 26 (9.2) 19 (10.8) 7 (6.5)
Presentation at delivery

Cephalic 264 (93.3) 164 (93.2) 100 (93.5) N.S.
Breech 16 (5.7) 10 (5.7) 6 (5.6)

Transverse 3(D) 2 (1.1) 1(0.9)
Mode of delivery

Vaginal 191 (67.5) 117 (66.5) 74 (69.2) N.S
Cesarean section 92 (32.5) 59 (33.5) 33 (30.8)
Maternal age 33.8+4.9 332+48 34.6+4.9 p=0.02
Maternal origin

Italian 231 (81.6) 140 (60.6)* 91 (39.4)° 2.9 (1.004780
African 27 (9.5) 22 (81.5) 5(18.5)" 9.980849), p=0.04
Asiatic 3(1.1) 2 (66.7) 1(33.3)*

West European 16 (5.6) 8 (50)* 8 (50)° b
First born 164 (57.9) 98 (55.7) 66 (61.7) N.S.
Maternal schooling

8 years 47 (16.6) 28 (15.9) 19 (17.8) N.S.

13 years 124 (43.8) 75 (42.6) 49 (45.8)

> 18 years 112 (39.6) 73 (41.5) 39 (36.4)

GA (small for gestational age), LGA (large for gestational age), N.S. not statistically significant

#Percentage calculated on the specific population (i.e., PP in Africans vs total African infants)

® Statistical analysis not performed
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Table 2  Postnatal characteristics

Characteristics Number (%) or mean = SD OR (CI), p
Population, N=283 No-PP, N=176 (62.2) PP, N=107 (37.8)
Sleeping position®
Supine 223 (78.8%) 127 (72.2%) 96 (89.7%) Baseline
Prone 33 (11.7%) 30 (17%) 3 (2.8%) OR =0.13 (0.03-0.40), p=0.0011
Alternated side 21 (7.3%) 18 (10.2%) 3 (2.8%) OR =0.22 (0.05-0.71), p=0.020
Head positional preference in 145 (51.2%) 71 (40.3%) 74 (69.2%) OR 4.77 (1.97-11.52), p =0.000583
the early postnatal period
Breast milk prevalent 164 (58%) 105 (59.7%) 59 (55.1%) N.S.
Changed crib end 24 (8.5%) 12 (6.8%) 12 (11.2%) N.S.
Tummy-time 179 (63.3%) 113 (64.2%) 66 (61.7%) N.S.
Received instruction about Tummy time 138 (48.8%) 84 (47.7%) 54 (50.5%) N.S.

N.S. not statistically significant
# Logistic regression. Supine position was used as baseline

were 1 year older (p =0.02). Plagiocephalic infants at birth
weighed 100 g less than no-PP group, but this difference
was not significant (p =0.07). When excluding infants at
37 weeks, the difference in HC (p =0.09) and weight (p =
0.72) were not significant. No correlations were found be-
tween maternal age and birth weight.

Italian infants were three times more likely to have PP than
African infants, the most frequently represented ethnic group
after the Italians.

In the group that performed tummy time regularly, the as-
sociation between PP and ethnicity persisted, even when the

supine position while sleeping was taken into account
(Mantel-Haenszel test).

As shown in Table 1, there were no differences between
groups regarding other perinatal factors.

Postnatal factors

In our population, 78.8% of the infants slept in supine posi-
tion. In PP group, the percentage increases to 89.7%, while in
no-PP group, the value is 72.2%. There was a significant dif-
ference between the two groups in supine sleepers’ rate (p <

50
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Fig. 1 Distribution of cases according to Argenta’s criteria (from type 1 to type 5; numbers in column) and side of plagiocephaly (right or left),

percentage of the right side in box
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0.001). The probability to develop PP is about 3-fold higher
for supine sleepers than for prone sleepers (OR =3.35, 95%
CI 1.61-7.54, p<0.01). Conversely, sleeping in prone posi-
tion or in alternate side made PP, respectively, seven times and
four times less probable.

Of the 24 infants born at 37 weeks, only 14 slept in the
supine position (58.3 vs 78.8% in the whole population). They
had an increased risk of developing PP (10/14 =71.4%) com-
pared to infants born at 38 weeks or more who slept supine
(85/202=42.1%) (OR 3.56, 95% CI 1.1-13.4, p =0.04).

In the PP group, 69% showed an infant head positional
preference noticed by parents during first weeks of life (vs
40.3% in the no-PP group) and had a 4.77-fold probability
of developing PP. In particular, when the right side was pre-
ferred, the probability was 3.78-fold higher (95% CI 2.1-6.8,
p<0.01), while for the left side, it was 2.07-fold (95% CI 1-
4.28, p=0.04). About 90% of the infants who had a right-side
head positional preference had ipsilateral plagiocephaly, while
81% of those who had a left-side postural preference had
ipsilateral plagiocephaly.

Considering the whole population, 63.3% of parents per-
formed tummy time and 49% reported to be informed regard-
ing its importance, while 8.5% alternated the end of the crib to
prevent the maintenance of the same head position: no differ-
ences were found between infants with or without PP.

The multivariable logistic regression showed that PP was
significantly associated to sleeping position (OR = 1.3), ma-
ternal age (OR =1.1), and birth weight (OR =1.1).

Discussion

This study reports prevalence and risk factors for PP in a
cohort of unselected healthy infants, born in Italy, who pre-
sented at 8 to 12 weeks of age to receive routine immuniza-
tion. The prevalence of PP in our study was 37.8%, lower than
that reported by Mawiji et al. (46.6%) who applied, like us, the
Argenta’s criteria to a cohort of healthy infants aged from 7 to
12 weeks of life [17]. The two other studies of good qualities
[15, 16] reported by the two reviews of the literature [6, 14]
are scarcely comparable with this study, as cited in the
“Introduction” section. Other authors reported a prevalence
ranging from 7.7% (Aamivala [22]), 13% (Peitsch [23]), to
20% (Pogliani [24]) at birth, 29% at 9 weeks (Leung [25]) to
37.5% at 22 weeks of life (Hutchison [26]). Therefore, it ap-
pears that there is a great variability depending on age, defi-
nition, and measurement tools.

Even when considering risk factors for PP, there is scarce
agreement between studies, maybe due to poor methodologi-
cal quality [6]. Only two determinants reach a concordance
rate of more than 50% between studies considered by De
Bock et al. [6]: male sex and supine sleeping position, while

there is still scarce data regarding the potential influence of the
everyday care environment of the baby.

In our study, head circumference, maternal age, ethnicity,
positional preference of the head in the first weeks of life, and
sleeping position seem to be related to PP. The multiple logistic
regression showed that the PP was significantly associated to
sleeping position, maternal age, and lower birth weight. A
smaller head circumference and the tendency to a lower birth
weight (100 g less in PP) found in our study could be due to the
higher prevalence of PP in infants born at 37 weeks.

Older maternal age, also observed by others [27], appears
to be an independent risk factor for PP, as suggested also by
the logistic regression, even if this is one of the contradicting
results in the literature [28].

Ethnicity could be related to PP because of compliance to
sleeping position and cultural habits [29], while in our study,
Italian ethnicity continued to be a risk factor even after
correcting for main parental care habits (supine sleeping posi-
tion and tummy-time period). This study cannot exclude in-
fluence from other ethnicity-related cultural habits such as
babywearing. From the literature, we cannot define exactly
the direct effect of ethnicity on infant gross motor milestones
acquisition and on plagiocephaly development [30, 31].

The positional preference of the head in the first weeks of life
was evident in our PP group, similarly to what reported in the
literature [15, 32]. According to Leung et al. [33], parents show
a good ability in identifying head orientation asymmetry, con-
sistent with clinical evaluation at 3 weeks. Other authors
showed that, if not managed, the head preference increases
the risk and the severity of PP [34, 35]. Recently, Leung et al.
showed that asymmetrical head orientation at 3 and 6 weeks of
age was associated to PP at 9 weeks [25]. In our study,
plagiocephaly occurred in particular when the right side was
noticed as preferred from parents, a result already observed by
others [25, 36]. The right-side preference and the right PP pre-
dominance could be related to the latter period of pregnancy
when the fetus turns and engages the birth canal, and most often
the vertex of the head lies with a left occipital anterior presen-
tation [1, 16]. Behavioral asymmetries in arm movements,
thumb sucking, and head orientation have been showed earlier
in the pregnancy, evolving in intrinsic predominance of the
lateralization towards the right side of neonates and in right-
hand preference [1, 37, 38]. Approximately half of the parents
that we interviewed remembered the instructions received about
tummy time, and the great majority never changed crib end
position. However, half of them had noticed a preferred position
of the baby’s head. Improving parental awareness of side pref-
erence could be relevant in prevention of PP.

Tummy time is known to be an important factor to improve
motor development and prevent PP [2, 16]. In this study, there
was no difference in terms of tummy time between infants
who developed PP and those who did not, which is similar
to other studies [15, 35]. We suppose that tummy time was
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advised at the time of the pediatrician’s visit, close to the time
of our evaluation.

Prolonged supine lying and long supine sleeping time were
associated to PP [33], and we observed the same result. In our
population, supine sleepers were 89.7% in PP group, but
72.2% in no-PP group, and 58.3% in no-PP group born at
37 weeks of gestation. It is necessary to improve awareness
of preventive measure for SIDS while strengthening the need
for alternating head position and other parental habits to pre-
vent PP (i.e., periodically changing the orientation of the in-
fant to outside activity, improve period of tummy time, reduce
time in car seat) [2, 33]. These interventions are perfectly
compatible with prevention of SIDS. Even if parents
interviewed in our study were all conscious of the importance
of put their baby in supine position, 11.7% of infants were
prone sleepers. Our data resemble those of The National
Infant Sleep Position Study, 2007-2010 [39], that reports in
the USA at 4 months a percentage of supine sleepers of
72.6%, the same as in Norway, New Zealand, Canada, and
the United Kingdom [40]. In Aarnivala’s study, the supine
sleepers reached 67% [13].

Plagiocephaly worried most parents and they could decide to
use sleeping products or sleeping positions that are contraindi-
cated. Thus, the importance of counseling to prevent both con-
ditions is advisable [41]. Health care providers should deliver
consistent information during prenatal courses, at the time of
birth, and during the early postpartum period. This information
would be regarding the deformability of the skull and prevention
methods, in particularly supervised tummy time and reposi-
tioning techniques [35]. Aarnivala et al. [13] demonstrated that
providing detailed instructions in the postpartum time (interven-
tion group) can reduce the prevalence and severity of PP in early
infancy, when compared with children of a control group whose
parents were not informed. The role of the pediatrician and of
other primary care professionals is crucial in giving the right
advice to prevent both SIDS and plagiocephaly.

Prevention of SIDS is even more important for preterm
infants, in whom the risk of PP is higher [34]. In our study,
infants of borderline gestational age (37 weeks) presented a
statistically significant increased risk of plagiocephaly, despite
the fact that only 58% of them slept supine. Probably infants
born at 37 weeks share some characteristics of preterm infants.
This could explain the increased risk showed in this study,
compared to infant of 38-41 weeks of gestational age.

Strengths of this study are the following: (1) to our knowl-
edge, this study is one of the few reporting the prevalence of PP
in a European unselected population of healthy infants at an early
age, the first in Italy and (2) the prevalence of PP is obtained
through a clinical tool, useful even in a primary care setting.

Limitations of the study include the relatively small num-
ber of infants enrolled and the use of the Argenta’s criteria, a
very easy clinical tool, which, however, does not provide ob-
jective measures.
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Conclusion

This is one of the few European studies reporting the prevalence
of positional plagiocephaly using a reliable clinical tool in
healthy infants aged 8 to 12 weeks, the first in Italy. Positional
plagiocephaly appears to be a relatively common issue faced by
pediatricians, associated with the supine sleep position, especially
at 37 weeks of gestation, head positional preference, particularly
to the right side, older maternal age, and Italian ethnicity.
Exploring parent’s habits, a considerable percentage of prone
sleepers still emerge.

The results reinforce the need of improving prevention
both of SIDS and positional plagiocephaly, through uniform
messages provided prenatally and postnatally by different
health professionals.
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