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ARTICLE

Risk Factors for Deformational Plagiocephaly at Birth
and at 7 Weeks of Age: A Prospective Cohort Study

Leo A. van Vlimmeren, PT, PCS, BSc?, Yolanda van der Graaf, MD, PhD®, Magda M. Boere-Boonekamp, MD, PhD<, Monique P. L'Hoir, PhD9,

Paul J. M. Helders, PT, PCS, MSc, PhD¢, Raoul H. H. Engelbert, PT, PCS, PhDe

aDepartment of Physical Therapy, Bernhoven Hospital, Veghel, Netherlands; PJulius Center for Health Sciences and Primary Care, Clinical Epidemiology, University
Medical Center Utrecht, Utrecht, Netherlands; “Organization for Home Care, Hengelo, Science, Technology, Health and Policy Studies, University of Twente, Enschede,
Netherlands; “Medical Psychology Department and ¢Department of Pediatric Physical Therapy and Exercise Physiology, University Medical Center Utrecht, Wilhelmina

Children’s Hospital, Utrecht, Netherlands

The authors have indicated they have no financial relationships relevant to this article to disclose.

ABSTRACT

OBJECTIVE.The purpose of this work was to identify risk factors for deformational
plagiocephaly within 48 hours of birth and at 7 weeks of age.

PATIENTS AND METHODS.This was a prospective cohort study in which 380 healthy
neonates born at term in Bernhoven Hospital in Veghel were followed at birth and
at 7 weeks of age. Data regarding obstetrics, sociodemographics, asymmetry of the
skull, anthropometrics, motor development, positioning, and care factors related
to potentially provoking deformational plagiocephaly were gathered, with special
interest for putative risk factors. The main outcome measure at birth and at 7
weeks of age was deformational plagiocephaly, assessed using the plagiocepha-
lometry parameter oblique diameter difference index, a ratio variable, calculated
as the longest divided by the shortest oblique diameter of the skull X 100%. A
cutoft point of =104% was used to indicate severe deformational plagiocephaly.

RESULTS.Only in 9 of 23 children who presented deformational plagiocephaly at
birth was deformational plagiocephaly present at follow-up, whereas in 75 other
children, deformational plagiocephaly developed between birth and follow-up. At
birth, 3 of 14 putative risk factors were associated with severe flattening of the
skull: gender, birth rank, and brachycephaly. At 7 weeks of age, 8 of 28 putative
risk factors were associated with severe flattening: gender, birth rank, head posi-
tion when sleeping, position on chest of drawers, method of feeding, positioning
during bottle-feeding, and tummy time when awake. Early achievement of motor
milestones was a protective factor for developing deformational plagiocephaly.
Deformational plagiocephaly at birth was not a predictor for deformational pla-
giocephaly at 7 weeks of age. There was no significant relation between supine
sleeping and deformational plagiocephaly.

CONCLUSIONS. Three determinants were associated with an increased risk of defor-
mational plagiocephaly at birth: male gender, first-born birth rank, and
brachycephaly. Eight factors were associated with an increased risk of deforma-
tional plagiocephaly at 7 weeks of age: male gender, first-born birth rank, posi-
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tional preference when sleeping, head to the same side
on chest of drawers, only bottle feeding, positioning to
the same side during bottle feeding, tummy time when
awake <3 times per day, and slow achievement of motor
milestones. This study supports the hypothesis that spe-
cific nursing habits, as well as motor development and
positional preference, are primarily associated with the
development of deformational plagiocephaly. Earlier
achievement of motor milestones probably protects the
child from developing deformational plagiocephaly. Im-
plementation of practices based on this new evidence of
preventing and diminishing deformational plagioceph-
aly in child health care centers is very important.

EFORMATIONAL PLAGIOCEPHALY (DP) refers to a con-
dition in which the infant’s head and possibly the
face are deformed as a result of prenatal and/or postnatal
external molding forces to the malleable and growing
cranium.'-* This often leads to an asymmetric cranium,
ear misalignment, and facial asymmetry.>-> The preva-
lence of DP in children below the age of 6 months of age
varies between 13% at birth,¢ 16% at 6 weeks of age,’
and 19.7% at 4 months of age.” The prevalence and
development of DP within the first 6 weeks after birth
and the associations between DP at birth and DP later on
have never been explored in detail. In the literature, DP
is attributed to a restrictive intrauterine environment,
premature birth, assisted vaginal delivery, prolonged la-
bor, unusual birth position, multiple birth, and primi-
parity.>¢#° Male gender, nonvarying head position when
asleep, supine (sleeping) position, positional preference,
developmental delay, and lower activity level have all
been described as risk factors,”!°-'2 whereas placing the
child in the prone position when awake for 5 minutes a
day seems to be a protective factor.'23> Many clinicians
consider DP to be a minor and purely cosmetic condi-
tion.'* Although an association has been found between
DP and auditory processing disorders,’> mandibular
asymmetry,'¢ and strabismus,!? causality has never been
established.'2'415-21 However, the head molding defor-
mation has the potential for a negative physical and
psychosocial effects.!” Parents fear that unattractive fa-
cial characteristics will induce adverse effects, such as
teasing, poor self-perception, and teacher bias.!#18
Epidemiological studies have shown that prone and
side sleeping are major risks for sudden infant death
syndrome.?>>* Therefore, the American Academy of Pe-
diatrics (AAP) stated in the 1992 Task Force on Infant
Positioning and Sudden Infant Death Syndrome that
healthy term infants should be positioned on their side
or back to sleep.?>2¢ This statement was followed by the
start of the “Back to Sleep” campaign in the United
States and in many countries over the world. In the
decade that followed, a dramatic rise in the prevalence of
positional preference was observed.

In the Netherlands in 1995 and 2004, positional pref-
erence prevalences of 8.2%27 and 12.2%,%8 respectively,
were reported in children <6 months. The boy/girl ratio
of positional preference was 3:2, whereas first-born chil-
dren, premature children, and children with breech pre-
sentation at birth proved to have a higher risk for devel-
oping positional preference.?’

The supine sleeping position of the child and a strong
preference in offering the feeding bottle always from the
right or the left side were positively associated with
positional preference.?” Concurrent with the increase in
supine sleeping, consistent with the AAP recommenda-
tions, a rise in the prevalence of DP has been observed.
This strong association suggests a causal relationship be-
tween supine sleeping and the development of DP.°

Conservative strategies to prevent and to intervene in
positional preference and DP are parental counseling,
counterpositioning, physical therapy, and orthotic devic-
es.6131830 Studies on the effectiveness of these interven-
tions are of moderate-to-poor methodologic quality and
randomized, controlled trials were not found.'s3° The
purpose of the present study was to document the prev-
alence of positional preference and DP at birth, to study
prevalence changes over time until the age of 7 weeks,
and to identify risk factors that influence the occurrence
and possible progression of DP.

PATIENTS AND METHODS

Patients

Between December 2004 and September 2005, 400
healthy consecutively born neonates were included in
the study within 48 hours after birth at the nursery of
General District Hospital Bernhoven in Veghel. To be
included, children had to have been born after >36
weeks’ gestation and had to show no dimorphisms or
syndromes. Children with congenital muscular torticollis
were excluded from this study.

Baseline Assessment

The following anamnestic data were collected within 48
hours of birth: (1) general characteristics of the child
including gender, birth rank (first born or later born),
parents’ age, parents’ educational level, family structure,
and principal carer of the infant; and (2) obstetric data
including gestation, pregnancy rank, presentation at de-
livery, mode of delivery (vaginal, vacuum-assisted, or
cesarean section), length of labor, multiple birth, Apgar
scores at 5 and 10 minutes, birth weight, and birth head
circumference.

Through physical examination by the principal inves-
tigator, the following aspects were assessed: (1) posture
and active movements of the child, with special atten-
tion for possible asymmetries; (2) passive range of mo-
tion (ROM) of the cervical spine in the supine position;
(3) head circumference (centimeters); and (4) transver-
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sal shape of the skull, measured by plagiocephalom-
etry.’!

Assessment at Follow-up

At 7 weeks of age, the following anamnestic data were
collected in 380 infants: (1) specific characteristics of
nursing habits: the method of feeding (breast, bottle, or
a combination), the position of the infant when being
bottle fed (alternate positions on left/right arm or the
child symmetrical in front of the carer), positioning on a
chest of drawers (with the head alternately at the right
or the left side, always at the same side, or with the
infant’s feet pointing toward the carer), usage of an
infant chair (minutes per day), sleeping position during
the day and night (supine, prone, or side), position of the
head while asleep (most of the time turned to the same
side or spontaneously altered), positioning of the child
while awake (mostly supine, prone, or laying on his or
her side), the age (in weeks) of the child when put in the
prone and in the side position for the first time, fre-
quency (per day) and duration (in minutes) of prone
and side positioning when awake; and (2) whether the
parents had observed a positional preference of the head
when the infant was awake (and, if so, to which direc-
tion) and their opinion about the shape of the head, face,
and posture (symmetry).

A physical examination was performed by a member
of a team of 12 well-trained pediatric physiotherapists.
The environmental circumstances (temperature, light,
and positioning) during the assessments were the same
for all of the children. In addition to the aspects that
were measured at the baseline, the following aspects
were assessed: (1) the presence of positional prefer-
ence?’; (2) qualitative motor development using the Al-
berta Infant Motor Scale (AIMS)3?33; and (3) quantita-
tive motor development using the Bayley Scales of
Infant Development, Second Edition (BSID-II).3

FIGURE 1

lllustration of plagiocephalometry?': asymmetry DP
left occipital of the skull (4-month-old boy). A, Photo-
graph of a child with the thermoplastic measuring
ring and landmarks. The digitally drawn lines are
made to illustrate the agreement with the paper copy
and to explain the names of the lines. B, Paper copy of
the same ring with drawn and measured lines (ODDI:
109.6%; CPI: 88.1%; ODL: 125; ODR: 137; ED: 12 mm;
PDPS: 8 mm). AP indicates anterior posterior; SD, sin-
istra dextra; ED, ear deviation; and PDPS, PD (posterior
dextra) minus PS (posterior sinistra).
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Measurement Instruments
The ROM of the cervical spine was assessed in the supine
position by promoting gentle passive movements. At
birth, measuring of the maximum ROM was avoided
because of the vulnerable cervical structures; at the age
of 7 weeks we assured to measure the maximum ROM.
The cervical ROM was defined as normal when bilateral
rotation of 90°, lateral flexion of 30°, and flexion and
extension of 45° was possible.>s At the start of the study,
we measured ROM by 360° goniometry in 10 infants,
and it was decided that when the chin was above the
acromion (rotation), the ear touched the shoulder (lat-
eral flexion), the chin touched the sternum (flexion),
and the occiput touched the thoracic trunk (extension),
the above-mentioned degrees were reached. For logistic
reasons, goniometry was not used on every newborn.
Plagiocephalometry was described recently as a repro-
ducible, valid, noninvasive, easily applicable method to
measure the (a)symmetry of the skull. Plagiocephalom-
etry is performed with a strip of thermoplastic material,
which is positioned around the infant’s head at the
widest transverse circumference. Landmarks (both ears
and nose) are marked perpendicular on the ring in a
standardized manner. Plagiocephalometry measures the
relations between transversal shape of the skull related
to the exact position of the ears and nose and thereby
the location and amount of flattening of the skull (Fig 1
A and B). Cutoff points, based on clinical and psycho-
metrical characteristics, to differentiate between abnor-
mal and normal shape of the skull have been defined.>!
In this study, the oblique diameter difference index
(ODDI) parameter (the ratio between oblique diameter
left [ODL] and oblique diameter right [ODR] calculated
as longest/shortest oblique diameter X 100%) served as
an indicator of the presence (ODDI =104%) and sever-
ity of DP and was used to follow-up asymmetry of the
skull over time. Cranial proportional index (CPI) is an-
other plagiocephalometry parameter indicating severity
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of brachycephaly and is calculated as the ratio sinistra
dextra/anterior posterior X 100%. Plagiocephalometry
was always performed by the same investigator (Dr van
Vlimmeren; Fig 1).>!

The presence of positional preference was assessed,
indicating the condition in which the infant, in the su-
pine position, revealed head rotation to either the right
or the left side for ~75% of the time of observation
(minimal time of observation: 15 minutes), without ac-
tive rotation of the head over the full range of 180°.27

The AIMS is a highly reliable and valid, norm-refer-
enced, performance-based observational measure that
examines the spontaneous qualitative gross motor
movement repertoire of infants (until 18 months of age)
in supine, prone, sitting, and standing positions.>*3¢ The
motor scale described in the BSID-II is a highly reliable,
valid, and norm-referenced method of assessing the mo-
tor and mental abilities of children up to the age of 42
months.>*

The medical ethics committees of the Wilhelmina
Children’s Hospital (University Medical Center Utrecht)
and the Bernhoven Hospital approved this study. In-
formed consent was obtained from al of the parents.

Statistical Analysis

Means (SDs), medians (interquartile range), or propor-
tions were calculated for the relevant variables. The
relation between risk factors and deformity was ana-
lyzed by means of cross-tabulation, linear regression,
and logistic regression. In the univariate analyses, puta-
tive risk factors with a P < .15 were selected?” for inclu-
sion in the multivariate models, and their effect for each
other was estimated. In the multivariate linear regres-
sion analysis, the effect of risk factors on the dependent
factor ODDI (continuous) was assessed. The regression
coefficient B is interpreted as an increase of the outcome
variable, when the determinant increases by 1 unit. In
the logistic models, severe deformity was defined as
ODDI =104% (yes or no), and odds ratios (ORs) and
their 95% confidence intervals (CIs) were calculated.
The AIMS raw score was transferred into a standardized
zscore (individual score minus the average score divided
by the SD).?*> Scaled scores of the BSID-II were trans-
formed into a psychomotor developmental index (PDI;
mean: 100; SD: 16; range: 50-150).>* Motor develop-
ment and positional preference cannot be considered as
risk factors for deformity but should be considered as
intermediate factors in the development of severe defor-
mity. The magnitude of their effect was estimated in a
separate multivariate model. Statistical analyses were
performed using SPSS for Windows 12.0.1 (SPSS Inc,
Chicago, IL).

RESULTS

Clinical Characteristics

Twenty (5%) of the 400 children were lost to follow-up
because of the child having physical problems (cranio-
synostosis: 7 = 1; congenital muscular torticollis: 7 = 4),
decreased parental motivation (n = 12), moving out of
the area (n = 2), or severe illness of the mother (n = 1).
Therefore, data of 380 children (boys: 46.8%) could be
analyzed at follow-up. The clinical characteristics of the
participants are presented in Table 1. The participating
children were healthy and were mostly born at term.

Baseline Assessment
The first assessment was performed at an average of 16.9
hours (SD: 8.7) after birth. Of all of the neonates, after 5
minutes, 99% had an Apgar score =7 and 100% after 10
minutes.

Passive ROM of the cervical spine was within refer-

TABLE 1 Clinical Characteristics of Participants at Birth, Stratified
by the Presence or Absence of Severe Skull Deformity

(ODDI =104%)

Characteristic Severe Skull No Severe Skull
Deformity Deformity
(n=23) (n = 357)
Gender
Boy 18(78) 160 (45)
Girl 5(22) 197 (55)
Pregnancy
First 11 (48) 131(37)
Second or more 12(52) 226 (63)
Birth rank
First born 14 (61) 160 (45)
Later born 197 (55)
Presentation at birth
Unusual 3(13) 47 (13)
Breech (n = 29)
Occipito-posterior (n = 14)
Sinciput (n =7)
Usual 20(87) 310(87)
Occipito-anterior (n = 330)
Breech presentation
Yes 209) 27(8)
No 21(91) 330(92)
Delivery
Cesarean section 5(22) 85(24)
Vacuum assisted 3(13) 40(11)
Normal vaginal 15 (65) 232 (65)
Multiple birth
Yes 1(4) 15(4)
No 22 (96) 342 (96)
Gestation, wk 393+19 395+ 14
Length of labor (second stage) 0.68 +0.53 0.52 =049
(n = 294; severe DP,n = 19), h
Birth weight, kg 343+067 336 =047
Head circumference at birth, cm 350+22 348+ 14
CPI (brachycephaly indicator) at birth, % 799+43 788 £35
Mother's age, y 31.2*£36 31.0£42
Father's age, y 340 *+6.2 338*+48

Data are expressed as n (%) or mean = SD.

PEDIATRICS Volume 119, Number 2, February 2007 e411

Downloaded from pediatrics.aappublications.org by guest on June 18, 2014


http://pediatrics.aappublications.org/

ence range without asymmetries. The mean of deformity
measure ODDI (%) was 101.7% (SD: 1.7%; range:
100.0%-110.9%); the mean of CPI was 78.9% (SD:
3.6%; range: 66.9%—-89.2%). Boys’ heads were signifi-
cantly larger (mean head circumference for boys: 35.3;
SD: 1.37 cm; girls: 34.3 cm; SD: 1.31 cm; P < .0001) and
more asymmetrical (mean ODDI: boys: 101.9%; SD:
1.81%; girls: 101.5%; SD: 1.31%; P = .016) but less
brachycephalic (mean CPI: boys: 78.3%; SD: 3.70%;
girls: 79.4%; SD: 3.41%; P = .003). Boys’ birth weight
was significantly higher (mean boys: 3.47 kg; SD: 0.46
kg: girls: 3.27 kg; SD: 0.48 kg; P < .0001). DP (ODDI
=104%) was present in 23 (18 boys and 5 girls) of 380
infants (6.1%). The flat occipital area was located more
often on the right side than on the left side (11:9). The
prevalence of DP was higher in boys (adjusted OR
[aOR]: 5.4; 95% CI: 1.92-15.28), also after adjustment
for birth rank (first born: aOR: 2.2; 95% CI: 0.89-5.26)
and brachycephaly (CPI: aOR: 1.1; 95% CI: 1.00-1.26).
Infant characteristics, sociodemographic factors, obstet-
ric factors, and head circumference were not signifi-
cantly associated with DP. Passive ROM of the cervical
spine was within the reference range and without asym-
metries.

Assessment at Follow-up

Positional Preference and DP

The second assessment was performed at a mean age of
7.4 (SD: 0.9) weeks after birth. In 68 of 380 infants,
positional preference was observed by the physiothera-
pist (17.9%; 42 boys and 26 girls). In 41 (60.3%) of the
68 children with positional preference, DP was found
(crude OR: 9.5; 95% CI: 5.30-17.01; Table 2). The flat
occipital area was located twice as often at the right side
as on the left side. Parents reported observing positional
preference ~2.5 times as often as was measured by the
physical therapist (in 165 children [43.4%]).

Passive ROM, Alignment, and Head Circumference

The assessment at 7 weeks of age revealed asymmetrical
active movements of the trunk in 13 children (3.4%).
This was significantly associated with DP (crude OR: 6.1;
95% CI: 1.95-19.26). Passive ROM of the cervical spine
illustrated normal outcomes without asymmetries.
Mean ROM at 7 weeks of age were: bilateral rotation at
97° (SD: 5.1°); lateral flexion at 45° (SD: 3.1°); flexion at
44° (SD: 2.2°); and extension at 45° (SD: 2.5°). All of the
children had a symmetrical alignment. Head circumfer-
ence at 7 weeks of age (mean: 38.3 cm; SD: 1.4 cm) was
not associated with DP.

Motor Development

The AIMS showed a mean z score of —0.26 (SD: 0.72;
range: —2.81 to 2.91). The motor scale of the BSID-II
showed a mean PDI score of 101.80 (SD: 10.51; range:
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68-134). Having an AIMS z score of more than —1 SD
was associated with positional preference (aOR: 2.1;
95% CI: 1.10-4.13), even after adjustment for tummy
time less than once per day (aOR: 2.1; 95% CIL: 1.20—
3.83).

Severity of DP
The prevalence of DP (ODDI =104%), increased from
6.1% at birth to 22.1% at 7 weeks (49 boys and 35 girls).
Only in 9 of 23 children who presented DP at birth was
DP present at follow-up, whereas in 75 other children,
DP developed after the first assessment.

The mean of the ODDI at 7 weeks of age was 102.6%
(SD: 2.3%; range: 100.0%-113.0%). The mean of CPI
was 79.7% (SD: 4.6%; range: 68.0%-94.4%).

Risk Factors at 7 Weeks of Age

Significantly more boys than girls had DP (crude OR:
1.8; 95% CI: 1.11-2.96), and more children born after a
first pregnancy (crude OR: 1.8; 95% CI: 1.13-3.01) and
a first delivery (crude OR: 1.8; 95% CI: 1.10-2.94).
Children with DP were significantly more likely to al-
ways have their head turned to the same side when
sleeping (crude OR: 7.1; 95% CI: 3.90-12.78), were
more often positioned with their head to the same side
of the chest of drawers (crude OR: 1.8; 95% CI: 1.08—
2.91), were more often only bottle fed (crude OR: 1.6;
95% CI: 0.99-2.61), were more often always bottle fed
on the same arm of the carer (crude OR: 1.9; 95% CIL:
1.15-3.14), and were more frequently put in the prone
position (tummy time) <3 times per day (crude OR: 2.7;
95% CI: 1.12-6.55; Table 2).

Associations were also found with univariate linear
regression analysis, confirming the strong influence of
the risk factors found by means of cross-tabulation. Uni-
variate linear regression analysis revealed that the pres-
ence of DP was significantly associated with gender
(boys; B =.5;,95% CI: 0.06-0.10), CPI (8 = .1; 95% CI:
0.09-0.18), pregnancy rank (B8 = .5; 95% CI: 0.06—
1.02), birth rank (B = .4; 95% CI: —0.03 to 0.91), motor
development BSID-II PDI (B8 = —.03; 95% CI: —0.05 to
—0.01), always being bottle fed on the same arm (8 =.7;
95% CI: 0.16-1.17), sleeping in supine position from =2
weeks of age (B = .6; 95% CI: 0.05- 1.13), head rotation
preference in supine sleeping in the first 4 weeks (8 =
2.4; 95% CI: 1.80-3.00), tummy time <3 times per day
(B =.9; 95% CIL 1.53-0.22), unilateral positioning on
chest of drawers (B = .47; 95% CI: —0.02 to 0.96), and
positional preference when the child was awake (B =
2.8; 95% CI: 2.23-3.32).

The factors that were significant at the univariate
level (except pregnancy rank, because of the strong cor-
relation with birth rank) were all adjusted to identify
environmental risk factors. Positional preference was
not entered in the model, because it is the result of
several of these significant variables. Gender and birth
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TABLE2 Determinants of Deformational Plagiocephaly (ODDI =104%) at 7 Weeks of Age

Variable Severe Skull No Severe Skull Univariate Multivariate
Deformity Deformity
(n = 84),n (%) (n = 296), n (%) OR (95% CI) P OR (95% CI)
Gender
Boy 49 (58) 129 (44) 1.8(1.11-2.96) 02 20(1.12-341)
Girl 35(42) 167 (56) 1.0
Educational level of mother?
Low 30(35) 76 (26) 1.8(0.93-3.43) 08
Medium 35(42) 131 (45) 1.2 (0.65-2.25) 6
High 19 (23) 86 (29) 1.0
Educational level of fathera
Low 32(39) 81(28) 1.7 (0.87-3.31) Al
Medium 34 (41) 134 (47) 1.1(0.57-2.08) 8
High 17 (20) 73 (25) 1.0
Pregnancy rank
First 41 (49) 101 (34) 1.8(1.13-3.01) 01
Second or more 43(51) 195 (66) 1.0
Birth rank
First born 48 (57) 126 (43) 1.8 (1.10-2.94) .02 24(1.36-4.22)
Later born 36 (43) 170(57) 1.0
Presentation at birth
Unusual 13(15) 37(13) 1.3 (0.65-2.54) 5
Breech (n = 29)
Occipito-posterior (n = 14)
Sinciput (n = 7)
Usual 71(85) 259 (87) 1.0
Occipito-anterior (n = 330)
Breech presentation
Yes 4(5) 25(8) 0.5 (0.18-0.60) 3
No 80 (95) 27192) 1.0
Delivery
Cesarean section 18(21) 72(24) 0.9(0.50-1.67) 8
Vacuum assisted 13(16) 30(10) 1.6(0.77-3.25) 2
Normal vaginal 53(63) 194 (66) 1.0
ODDI at birth =104%
Yes 9(11) 14(5) 2.4 (1.01-5.80) 04
No 75(89) 282(95) 1.0
Sleeping supine after 2 wk of age
Yes 68 (81) 217 (73) 1.6 (0.85-2.83) 2
No 16 (19) 79 (27) 1.0
Head position when sleeping
Turned to same side 34 (41) 26(9) 7.1(3.90-12.78) <.0001 7.5(3.94-14.37)
Alternated or symmetrical 50 (59) 270(97) 1.0
Position on chest of drawers
Head to same side 38 (45) 94 (32) 1.8(1.08-2.91) 02 1.8 (1.00-3.09)
Alternated or symmetrical 46 (55) 202 (68) 1.0
Kind of feeding
Only bottle feeding 34 (40) 89 (30) 1.6 (0.99-2.61) 07 1.8 (0.99-3.29)
Not only bottle feeding 50 (60) 207 (70) 1.0
Positioning bottle feeding
Same side 35(42) 81(27) 1.9(1.15-3.14) 01 1.8(1.01-3.30)
Alternated or symmetrical 49 (58) 215(73) 1.0
First tummy time®
=3 wkofage 32(38) 120 (41) 0.9 (0.55-1.49) 7
<3 wkofage 52 (62) 176 (59) 1.0
Tummy time when awake
<3 times perd 78(93) 245 (83) 2.7 (1.12-6.55) 02 2.4 (0.90-6.20)
=3 times perd 6(7) 51(17) 1.0
Tummy time
=5min/d 51(61) 187 (63) 0.9 (0.55-0.48) 7
>5min/d 33(39) 109 (37) 1.0
Side laying position®
<1 time perd 60 (71) 221(75) 0.9 (0.50-0.46) 6
=1 time per d 24(29) 75(25) 1.0
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TABLE2 Continued

Variable Severe Skull No Severe Skull Univariate Multivariate
Deformity Deformity
(n = 84),n (%) (n=296), n (%) OR (95% Cl) P OR (95% Cl)
Side laying position
=5 min/d 14(17) 57(19) 0.8 (0.44-1.60) 6
>5min/d 70(83) 239(81) 1.0
Usage of a baby chair
=30 min/d 49 (58) 170(57) 1.0 (0.64-1.70) 9
<30 min/d 35(42) 126 (43) 1.0
Principal carer in daytime
Also others than mother 67 (80) 222(75) 1.3(0.77-2.38) 4
Mother 17 (20) 74(25) 1.0
Positional preference when awake
Yes 41 (49) 27(9) 9.5(5.30-17.01) <.0001
No 43(51) 269 (91) 1.0
Motor development: AIMS z score
Less than —1SD 16 (19 40 (14) 1.5 (0.80-0.85) 2
Between +2 SDand —1SD 68 (81 256 (86) 1.0
Motor development: BSID-PDI
Less than —1SD 7(8) 12 (4) 2.2 (0.82-0.66) A
Between +2 SDand —1SD 77 (92) 284 (96) 1.0

2 Low education level was defined as lower technical and vocational training and lower general secondary education. Medium education level was defined as intermediate vocational training and
advanced secondary education. High educational level was defined as higher vocational education (college education) and university.

bInfant is placed prone when awake and under supervision.
Infant is positioned on side, when awake and under supervision.

rank in the final multivariate model showed slightly
increased ORs (aORs: 2.0 and 2.4, respectively). Posi-
tioning variables (head rotation preference in supine
sleeping in the first 4 weeks of life, only bottle feeding,
always being bottle fed on the same arm, always being
positioned in the same way on the chest of drawers, and
tummy time <3 times per day) all had almost the same
(adjusted) ORs as in the univariate analyses.

DP at birth (ODDI =104%), when entered as variable
in the model, lost significance, indicating that DP at
follow-up was not associated with DP at birth. Other-
wise, motor development (measured by the AIMS z
scores) entered as a continuous variable in the model
demonstrated an inverse, protective effect on DP (aOR:
0.6; 95% CI: 0.43-0.93), illustrating that an increase in
the motor development repertoire was associated with a
decrease in the prevalence of DP.

No significant differences were found between chil-
dren with (n = 84) and without (n = 296) DP for
obstetric factors (birth presentation, mode of delivery,
and length of labor), multiple birth, sociodemographic
factors, head circumference, birth weight, age when put
in the prone or side position for the first time, duration
of prone or side positioning, usage of an infant chair,
principal carer of the child, and BSID-II PDI scores.

Parental Educational Levels

DP was more prevalent when the mother was educated
at the lowest level (crude OR: 1.8; 95% CI: 0.93-3.43).
The parents of the 9 children with persistent DP had a
lower educational level than the parents of the 14 chil-
dren who recovered (P = .08).
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Mothers with low educational levels are significantly
positioning their infant on the same arm during bottle
feeding (crude OR: 1.8; 95% CI: 1.09-2.81), gave more
often only bottle feeding (crude OR: 2.0; 95% CI: 1.27—
3.14), and gave their infant tummy time for the first time
at =3 weeks of age (crude OR: 1.7; 95% CI: 1.09- 2.68).
After adjustment, only bottle-fed aOR was 2.0 (95% CIL:
1.22-3.11) and aOR for tummy time for the first time at
=3 weeks of age was 1.7 (95% CIL: 1.06-2.66).

DISCUSSION

In this cohort study, it was demonstrated that DP in early
life was primarily caused by postnatal, external factors
(positioning and care) and inversely associated with
achievement of motor milestones. DP at birth was pos-
itively associated with gender (boys), brachycephaly
(high CPI), and birth rank (first-born children). DP at
birth was not a predictor for DP at 7 weeks of age. Our
results support the hypothesis’!4 that positioning, motor
development, positional preference of the child, and DP
are associated with DP. The study contributes to the
current literature because of its contemporary nature,
the large sample size, the longitudinal design, the start-
ing at birth, and the results concerning predictive risk
factors.

The prevalence of DP increases dramatically in the
first 7 weeks after birth. Male and right occipital prepon-
derance are in accordance with the literature and are
more prominent when the infant grows older.>6!138 We
confirm that the right occipital spot of the skull is more
likely to become flattened,>¢*® and the right/left ratio
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evolves in the same period from 11:9 to 2:1. It is sug-
gested that the position of the infant in utero is respon-
sible for the right occipital predominance; 85% of the
vertex-presented children are laying on the left occipital
anterior position.®* Parents had preferences too; bottle
feeding was given 4 times as often on the left arm than
on the right arm, and parents placed their child also 4
times more often with the head on the left side of the
chest of drawers than on the right side (both stimulating
right rotation of the head).

DP at birth is significantly associated with gender
(boys). The preponderance of boys with DP was ex-
plained by the suggestion of the larger male head cir-
cumference and more rapidly growing male head, to-
gether with less flexibility of the male fetuses.®!* This
could not be stated in our study. First-born children are
more likely to have a flattened head at birth, probably
because of the more tightened uterus and vaginal struc-
tures.

At 7 weeks of age, gender (boys), birth rank (first-
born children), specific nursing habits (bottle feeding,
prone positioning, and positioning when bottle fed and
on the chest of drawers), side preference of the head
when asleep, infrequent tummy time, and qualitative
motor development (AIMS) remained independently as-
sociated with DP. Motor development was not signifi-
cantly associated with DP when using cutoff points such
as —1 SD or —2 SD for delay in motor development.
Remarkably, an inverse association was found indicating
that a higher AIMS z score was a protective factor for the
development of DP. A higher z score indicates an earlier
achievement of motor milestones, also in the prone po-
sition, thereby improving the lifting of the head in the
prone position, influencing head balance positively with
a possible preventive effect on skull flattening. Infants
spent less time on the flat spot of the head, and the
muscular imbalance, initiating positional preference,!!
might disappear by training cervical muscles.

No associations were found with obstetric factors
(gestation, presentation at delivery, mode of delivery,
length of labor, and multiple birth), child factors other
than CPI (birth weight, head circumference, and active
movements of the extremities), sociodemographic fac-
tors, feeding method, and infant chair positioning. The
passive ROM of the cervical spine was normal in all of
the children at both assessments and did not influence
the severity of DP.

Although it is frequently suggested that DP at birth
influences the development of DP at a later age,&>91320
we could not confirm this suggestion. Despite the small
number of children, we found that the educational levels
of the parents of the 9 children with persistent severe DP
were significantly lower. This might indicate that han-
dling and positioning of the child is not performed ade-
quately in this subgroup.

Selection bias might be present because we recruited

a hospital born population. Because in the Netherlands
30% of women deliver in their homes, our newborn
study population shows a relatively high number of
assisted deliveries and cesarean sections. However, ad-
justment of mode of delivery did not substantially influ-
ence the results of our study.

Although information about preventing positional
preference and DP was not given to parents, participa-
tion in this study may have alerted them to be more
cautious for developing DP, and they may have been
aware of positioning advice to avoid head flattening in
their children, even more so for those parents who were
informed at birth that their infant’s cranium was “de-
formed.” This hypothesis would really drive home the
importance of early diagnosis and intervention in pre-
vention of DP.

The first measurements were performed within 48
hours after birth, and it could be argued that the defor-
mity that we found was transient, caused by external
obstetric molding forces. Because it is not exactly known
how long deformity caused by delivery will persist, the
time span termed as “at birth” will always be arbitrary.

We found that, for clinical and practical reasons, the
best plagiocephaly indicator was the ODDI. By leaving
out other DP indicators, we probably missed some chil-
dren with specific head flattening: those with symmet-
rical oblique diameters (low ODDI) but with a severe
occipital flattening spot or a remarkable ear deviation.
The best choice of a cutoff point of the ODDI could be
debatable. However, the analysis of the continuous vari-
ables showed the same tendency in risk factors. ODDI
=104% represents a distinct visible asymmetry of the
skull. Using this cutoff point, the prevalence of DP shows
much resemblance with the prevalence determined with
the slightly higher cutoff point in the heads-up method
of Hutchison et al”

A classification of severity based on a clinical evalua-
tion looking for all details of deformity that contribute to
severity classification could alter the findings of this
investigation. But taking all of these factors into account
is far to complicated for clinical use and research in
clinical situations. Choosing 1 clear indicator of plagio-
cephalometry as ODDI, which represents asymmetry of
the skull in 2 dimensions, is most suitable for such a
clinical study. In our experience, parents and observers
are focused most on the asymmetry of the skull and less
on facial asymmetry. Although the prevalence of DP is
much higher than commonly reported in the literature,
this incidence is similar to more recently reported find-
ings and strongly suggests that the incidence of DP is far
higher than originally reported.

Regarding development of skull flattening, the initial
period of life has not been analyzed previously in detail.
Assumptions about determinants and risk factors have
now been explored in detail for the first time, using a
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recently developed and reliable measuring method, pla-
giocephalometry.>!

Just as in previous DP studies, boys>¢!'38 and first-
born children?¢74041 were more frequently affected; the
right occipital skull was always flattened more frequent-
ly,6133% and the important role of positional preference
was confirmed.”!'2742 A hypothesis for the higher inci-
dence of DP in first-born children is that their parents
have little child rearing experience and can be over-
whelmed by the amount of information they get. Once
their first-born infant has developed DP, the parents will
be more likely with subsequent children to be cognizant
of head shape and methods for preventing distortion. It
could be argued that the lack of correlation between DP
at birth and DP at 7 weeks was related to the fact that the
plagiocephalometry measurement device is not sensitive
enough to detect these deformities within the first 48
hours of life or that the temporary distortion of the
cranium because of the birthing process influences the
validity of the plagiocephalometry at this age. Conclu-
sions regarding multiple birth infants should be inter-
preted carefully, because our selection criteria excluded
preterm infants, thereby reducing the number of plural
birth infants in this study.

Positioning factors were shown to be very significant,
illustrated by our finding that placing the child in the
prone position =3 times a day minimized the risk of
developing DP. Also the difference between bottle feed-
ing and breastfeeding is a postnatal positioning issue. In
both bottle feeding and chest-of-drawer positioning,
even if the child is just a few weeks of age, the child
“instinctively” is visually and auditively directing to the
parent/carer. Handling attitudes stimulate and facilitate
active cervical rotation toward the parent/carer. Because
these handling activities are performed frequently
throughout the day, it supports our hypothesis that the
positioning factors are highly responsible for the devel-
opment of positional preference.

We did not find evidence for a number of assump-
tions and suggestions described in other studies on the
determinants of DP. In our study, DP could not be asso-
ciated with a prenatal start of deformity®¢1320 or obstet-
ric factors.>¢ The larger head circumference of boys is
frequently suggested to be the reason for the higher
prevalence of DP in boys,**!> but this association was not
found in our study.

In establishing the ROM of the cervical spine after
birth, we avoided measuring the end ROM because of
the vulnerable cervical structures. For logistic reasons,
goniometry was not used on every newborn. Only at 7
weeks of age, passive cervical ROM was measured to
find the maximum ROM. All of the children revealed
normal passive ROM, indicating that problems with the
cervical column caused by delivery’+ are unlikely to
occur.

Although supine sleeping seems to be the primary
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cause of obtaining skull flattening,**!>!> in our study the
association between supine sleeping and DP was not
significant. So, supine sleeping is probably not the main
cause of development of DP but only becomes a risk
factor when combined with other issues, such as delayed
motor milestones, positional preference, and/or negative
environmental factors.

A final interesting variable is motor development.
Different etiologic pathways linking DP with neurode-
velopment are hypothesized'+!> but have not been stud-
ied in detail before. There is evidence that prone posi-
tioning while awake is positively correlated with AIMS
scores.* We found an inverse association between mo-
tor development and DP, but the direction of the
causal pathway is difficult to establish. Parents with
low educational levels provide shorter and less fre-
quent tummy time to their children, thereby probably
inhibiting motor development and varying positions
less, which might stimulate the development of posi-
tional preference.

Our study suggests possible mechanisms in causing
DP. Positioning might influence developmental delay,
resulting in positional preference and, eventually, DP.
Varying positions (prone and side laying) of the child
from birth onward, when awake and under supervision,
in combination with varying head positions when sleep-
ing in the supine position, seems to be the best way of
avoiding DP. Parents should be aware of the increased
rapidity of deformation of the skull in the first weeks of
life. They have to become extensively motivated to al-
ternate nursing positions and certainly change the posi-
tion of their child when bottle feeding and when nursing
on the chest of drawers as soon as the first signals of DP
occur. Of course intrinsic factors, such as temperament
and activity level of the child, also influence this pro-
cess?; this requires creativity of the parents in stimulating
their child. Implementation of practices based on this
new evidence of preventing and diminishing DP in child
health centers is of utmost importance.

The prevalence of positional preference that we found
was 17.9%, whereas 43.4% of the parents thought that
they observed a positional preference in their child. It
seems that parents overinterpret the AAP recommenda-
tions and avoid prone positioning during the daytime.!4
Parents should be provided with adequate information
about the mechanisms causing DP and of its likely con-
sequences. We were especially interested in the devel-
opment of DP in early childhood, because this has not
been explored in detail before. Further analyses might
provide additional information on determinants.

CONCLUSIONS

Three determinants were associated with an increased
risk of DP at birth: male gender, first born, and
brachycephaly. Eight factors were associated with an
increased risk of DP at 7 weeks of age: male gender, first
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born, positional preference when sleeping, head to the
same side on chest of drawers, only bottle feeding, po-
sitioning to the same side during bottle feeding, tummy
time when awake <3 times per day, and slow achieve-
ment of motor milestones. The study supports the hy-
pothesis that specific nursing habits, as well as motor
development and positional preference, are primarily
associated with the development of DP. Earlier achieve-
ment of motor milestones probably protects the child
from developing DP. Implementation of practices based
on this new evidence of preventing and diminishing DP
in child health care centers is very important.

ACKNOWLEDGMENTS
A gift for logistic support was made by the Dutch Cot
Death Foundation (Stichting Wiegedood).

We thank all of the parents and infants participating
in the study, all nurses of the maternity department who
assisted with the initial measurements, the participating
pediatric physical therapists Femke van Gastel, Eveline
Kolk, Lineke Kleinlugtenbelt, Vivienne Schellekens,
Miranda Lahuis, Meike de Ruiter, Nynke de Zee, Nicole
Fontijn, Aletta Pomper, Marijke Verstappen, Wendy
Verdult (all PT, PCS, BSc) and Marjolein van Velsen PT,
PCS, MSg, for their contribution in the acquisition of the
data and Lotte van Vlimmeren for the extensive data
entry work.

REFERENCES
1. Littlefield TR, Beals SP, Manwaring KH, et al. Treatment of
craniofacial asymmetry with dynamic orthotic cranioplasty. J
Craniofac Surg. 1998;9:11-17
2. Clarren SK, Smith DW, Hanson JW. Helmet treatment for
plagiocephaly and congenital muscular torticollis. J Pediatrics.
1979;94:43-46
3. Littlefield TR, Kelly KM, Pomatto JK, Beals SP. Multiple-birth
infants at higher risk for development of deformational
plagiocephaly: II. Is one twin at greater risk? Pediatrics. 2002;
109:19-25
4. Bredenkamp JK, Hoover LA, Berke GS, Shaw A. Congenital
muscular torticollis. Arch Otolaryngol Head Neck Surg. 1990;16:
212-216
5. Mulliken JB, Vander Woude DL, Hansen M, LaBrie RA, Scott
RM. Analysis of posterior plagiocephaly: deformational versus
synostotic. Plast Reconstr Surg. 1999;103:371-380
6. Peitsch WK, Keefer CH, LaBrie RA, Mulliken JB. Incidence of
cranial asymmetry in healthy newborns. Pediatrics. 2002;
110(6). Available at: www.pediatrics.org/cgi/content/full/110/
6/e72
7. Hutchison BL, Hutchison LA, Thompson JM, Mitchell EA. Pla-
giocephaly and brachycephaly in the first two years of life: a
prospective cohort study. Pediatrics. 2004;114:970-980
8. Bridges SJ, Chambers TL, Pople IK. Plagiocephaly and head
binding. Arch Dis Child. 2002;86:144-145
9. Kane AA, Mitchell LE, Craven KP, Marsh JL. Observations on
arecent increase in plagiocephaly without synostosis. Pediatrics.
1996;97:877-885
10. Argenta LC, Davis LR, Wilson JA, Bell WO. An increase in
infant cranial deformity with supine sleeping position. J Cranio-
facial Surg. 1996;7:5-11
11. Golden KA, Beals SP, Littlefield TR, Pomatto JK. Sternomas-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

toid imbalance versus congenital muscular torticollis: Their
relationship to positional plagiocephaly. Cleft Palate-Craniofacial
J. 1999;36:256-261

Hutchison BL, Thompson JM, Mitchell EA. Determinants of
nonsynostotic plagiocephaly: a case-control study. Pediatrics.
2003;112(4). Available at: www.pediatrics.org/cgi/content/
full/112/4/e316

Graham JM, Gomez M, Halberg A, Earl DL, Kreutzman JT, Cui
J, Guo X. Management of deformational plagiocephaly; repo-
sitioning versus orthotic therapy. J Pediatr. 2005;146:258-262
Collett B, Breiger D, King D, Cunningham M, Speltz M. Neu-
rodevelopmental implications of deformational plagiocephaly.
J Dev Behav Pediatr. 2005;26:379-389

Balan P, Kushnerenko E, Sahlin P, Huotilainen M, Naatanen R,
Hukki J Auditory ER. Ps reveal brain dysfunction in infants
with plagiocephaly. J Craniofac Surg. 2002;13:520-525

St John D, Mulliken JB, Kaban LB, Padwa BL. Anthropometric
analysis of mandibular asymmetry in infants with deforma-
tional posterior plagiocephaly. J Oral Maxillofac Surg. 2002;60:
873-877

Rekate HL. Occipital plagiocephaly: a critical review of the
literature. J Neurosurg. 1998;89:24-30

Bialocerkowski AE, Vladusic SL, Howell SM. Conservative in-
terventions for positional plagiocephaly: a systematic review.
Dev Med Child Neurol. 2005;47:563-570

Persing JA. Discussion on: neurodevelopment in children with
single-suture craniosynostosis and plagiocephaly without syn-
ostosis. Plast Reconstr Surg. 2001;108:1499-1500

Miller RI, Clarren SK. Long-term developmental outcomes in
patients with deformational plagiocephaly. Pediatrics. 2000;
105(2). Available at: www.pediatrics.org/cgi/content/full/105/
2/e26

Panchal J, Amirsheybani H, Gurwitch R, Cook V, Francel P,
Neas B, Levine N. Neurodevelopment in children with single-
suture craniosynostosis and plagiocephaly without synostosis.
Plast Reconstr Surg. 2001;108:1492-1500

Engelberts AC, de Jonge GA. Choice of sleeping position for
infants: possible association with cot death. Arch Dis Child.
1990;65:462-467

Fleming PJ, Gilbert R, Azaz Y. Interaction between bedding and
sleeping position in the sudden infant death syndrome; a pop-
ulation based case-control study. BMJ. 1990;301:85-89
Kattwinkel J, Brooks J, Keenan MJ, Malloy M, Willinger M,
Scheers NJ. Changing concepts of sudden infant death
syndrome: implications for the sleeping environment and sleep
position. Pediatrics. 2000;105:650-656

American Academy of Pediatrics. Task force on positioning and
SIDS. Pediatrics. 1992;89:1120-1126

Kattwinkel J, Brooks J, Keenan MJ, Malloy M. Positioning and
sudden infant death syndrome (SIDS): update. Pediatrics. 1996;
98:1216-1218

Boere-Boonekamp MM, Linden-Kuiper AT van der. Positional
preference: prevalence in infants and follow-up after two
years. Pediatrics. 2001;107:339-343

Boere-Boonekamp MM, Bunge van Lent FCGM, Roovers EA,
Haasnoot-Smallegange ME. Voorkeurshouding bij zuigelingen:
prevalentie, preventie en aanpak [in Dutch]. Tijdschr Jeugdg-
ezondheidszorg 2005;5:92-97

van Vlimmeren LA, Helders PJ, van Adrichem LN, Engelbert
RH. Diagnostic strategies for the evaluation of asymmetry in
infancy: a review. Eur J Pediatr. 2004;163:185-191

van Vlimmeren LA, Helders PJ, van Adrichem LN, Engelbert
RH. Torticollis and plagiocephaly in infancy: therapeutic strat-
egies. Pediatr Rehabil. 2006;9:40—-46

van Vlimmeren LA, Takken T, van Adrichem LN, van der Graaf
Y, Helders PJ, Engelbert RH. Plagiocephalometry: a non-

PEDIATRICS Volume 119, Number 2, February 2007 e417

Downloaded from pediatrics.aappublications.org by guest on June 18, 2014


http://pediatrics.aappublications.org/

32.

33.

34.

35.

36.

37.

e418

invasive method to quantify asymmetry of the skull; a reliabil-
ity study. Eur J Pediatr. 2006;165:149-157

Piper M, Darrah J. Motor Assessment of the Developing Infant. Vol
1. 1st ed. Philadelphia, PA: WB Saunders; 1994

Piper M, Pinnell LE, Darrah J, Maguire T, Byrne PJ. Construc-
tion and validation of the Alberta Infant Motor Scale (AIMS).
Can J Public Health 1992;83:46-50

Bayley N. Bayley Scales of Infant Development. 2nd ed. San
Antonio, TX: The Psychological Corporation Harcourt Brace
and Company; 1993

Bernbeck R, Dahmen G. Kinderorthopedie. Stuttgart, Germany:
Thieme Verlag; 1983

Coster W. Critique of the Alberta Infant Motor Scale (AIMS).
Phys Occup Ther Pediatr. 1995;5:53-64

Harrell FE Jr, Lee KL, Mark DB. Multivariable prognostic
models: issues in developing models, evaluating assumptions
and adequacy, and measuring and reducing errors. Stat Med.
1996;15:361-387

van VLIMMEREN et al

38.

39.

40.

41.

42.

43.

44.

Kelly KM, Littlefield TR, Pomatto JK, Manwaring KH, Beals SP.
Cranial growth unrestricted during treatment of deformational
plagiocephaly. Pediatr Neurosurg. 1999;30:193-199

Hansen M, Mulliken JB. Frontal plagiocephaly. Diagnosis and
treatment. Clin Plast Surg. 1994;21:543-553

Bruneteau RJ, Mulliken JB. Frontal plagiocephaly: synostotic,
compensational or deformational. Plast Reconstr Surg. 1992;89:
21-33

Clarren SK. Plagiocephaly and torticollis: etiology, natural his-
tory and helmet treatment. J Pediatr. 1981;98:92-95

Pollack IF, Losken HW, Fasick P. Diagnosis and management of
posterior plagiocephaly. Pediatrics. 1997;99:180-185
Biedermann H. Manual therapy in children: proposals for
an etiologic model. J Manipulative Physiol Ther. 2005;28:
211.el-15

Majnemer A, Barn RG. Influence of supine sleep positioning
on the early motor milestone acquisition. Dev Med Child Neurol.
2005;47:370-376

Downloaded from pediatrics.aappublications.org by guest on June 18, 2014


http://pediatrics.aappublications.org/

Risk Factorsfor Deformational Plagiocephaly at Birth and at 7 Weeks of Age: A

Prospective Cohort Study

Leo A. van Vlimmeren, Y olanda van der Graaf, Magda M. Boere-Boonekamp,
Monique P. L'Hoir, Paul J.M. Helders and Raoul H.H. Engelbert

Pediatrics 2007;119;e408
DOI:- 10 1542/pedq 2006-2012

Updated Information &
Services

References

Citations

Subspecialty Collections

Permissions & Licensing

Reprints

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/119/2/e408.full .h
tml

This article cites 38 articles, 11 of which can be accessed free
at:
http://pediatrics.aappublications.org/content/119/2/e408.full .h
tml#ref-list-1

This article has been cited by 3 HighWire-hosted articles:
http://pediatrics.aappublications.org/content/119/2/e408.full.h
tml#related-urls

This article, along with others on similar topics, appearsin
the following collection(s):

Rheumatology/M usculoskeletal Disorders
http://pediatrics.aappublications.org/cgi/coll ection/rheumatol
ogy:musculoskeletal _disorders sub

Information about reproducing this article in parts (figures,
tables) or in its entirety can be found online at:
http://pediatrics.aappublications.org/site/misc/Permissions.xht
ml

Information about ordering reprints can be found online:
http://pediatrics.aappublications.org/site/misc/reprints.xhtml

PEDIATRICS isthe official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned, published,
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
Grove Village, Illinois, 60007. Copyright © 2007 by the American Academy of Pediatrics. All
rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from pediatrics.aappublications.org by guest on June 18, 2014



http://pediatrics.aappublications.org/content/119/2/e408.full.html
http://pediatrics.aappublications.org/content/119/2/e408.full.html
http://pediatrics.aappublications.org/content/119/2/e408.full.html#ref-list-1
http://pediatrics.aappublications.org/content/119/2/e408.full.html#ref-list-1
http://pediatrics.aappublications.org/content/119/2/e408.full.html#related-urls
http://pediatrics.aappublications.org/content/119/2/e408.full.html#related-urls
http://pediatrics.aappublications.org/cgi/collection/rheumatology:musculoskeletal_disorders_sub
http://pediatrics.aappublications.org/cgi/collection/rheumatology:musculoskeletal_disorders_sub
http://pediatrics.aappublications.org/site/misc/Permissions.xhtml
http://pediatrics.aappublications.org/site/misc/Permissions.xhtml
http://pediatrics.aappublications.org/site/misc/reprints.xhtml
http://pediatrics.aappublications.org/

