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Abstract

Over the past decade there has been a dramatic increase in referrals to specialty clinics,
craniofacial centers, plastic surgeons, and neurosurgeons for assessment and treatment of
deformational plagiocephaly (DP). Though considered a medically benign condition, preliminary
reports suggest that DP may be associated with developmental problems. However, mechanisms
to account for this association have not been hypothesized or empirically tested. Although
treatment justifications often center on prevention of atypical appearance, little is known about the
cosmetic outcomes of treated and untreated children. In this review we hypothesize different
etiological pathways linking DP with neurodevelopment (e.g., environmental positioning
limitations with and without underlying CNS pathology). We outline directions for research on
incidence and prevalence, developmental outcomes, sex differences, determinants of treatment
participation, and craniofacial appearance. Despite the paucity of existing research, preliminary
findings suggest that children with this condition should be screened and monitored for
developmental delays or deficits, as we await more conclusive information from future studies.

Index terms
plagiocephaly; neurodevelopment; “back to sleep”

Plagiocephaly is a broad term referring to cranial asymmetry.! Plagiocephaly can result from
the premature fusion of one or more cranial sutures (i.e., synostotic plagiocephaly or
craniosynostosis), but is more commonly due to external forces shaping the infant’s skull,
such as intra-uterine constraint, twinning, or invariant sleeping position.2* This is called
“deformational plagiocephaly” (DP). Conditions that limit infants’ mobility, such as isolated
torticollis, hypotonia, and cervical spine anomalies, are also associated with DP.2:>:6
“Positional plagiocephaly” is a more specific term, denoting external forces related to
caregivers’ positioning of the infant during sleep or other activities. Prevalence estimates for
DP vary widely, ranging from less than one percent to 48%.%7-9 In part, this reflects a lack
of accepted measurement procedures and diagnostic thresholds for differentiating normal
variation from “plagiocephaly.” Although considered a minor and purely cosmetic condition
by many clinicians, DP is of great concern to parents, who worry about the effect the
condition might have on their child’s appearance, peer interactions, and development. As a
result, DP referrals to pediatric plastic surgeons, neurosurgeons, and craniofacial centers
have increased exponentially.10-13
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Greater awareness of DP has been triggered by several factors including a dramatic increase
in cases during the last decade, new technologies for measuring and modifying skull shape,
and the American Academy of Pediatrics’ (AAP) “Back to Sleep” campaign.14 This
campaign was initiated to reduce rates of sudden infant death syndrome (SIDS) by
encouraging parents to position infants on their backs during sleep. The effort has been quite
successful, resulting in changes in parenting practices and a corresponding decrease in SIDS
in the United States.1-20 However, it is widely believed that an unintended “side effect” of
this program is the exponential increase in the rate of DP.

There are few data on the effects of DP on infants’ neurodevelopment or other outcomes,
perhaps because the condition has been considered so benign. However, recent studies of
children with single-suture synostoses (once regarded as having no functional significance)
indicate significantly elevated risk for developmental delays and subsequent learning
disorders.21:22 These findings have prompted investigators to reconsider the
neurodevelopmental implications of DP, with initial studies tentatively suggesting that
children with DP also have elevated risk of developmental delays or deficits.23:24
Unfortunately, methodological problems limit the interpretation of these studies and the
potential explanation for such findings are unclear: Could such deficits result from the
plagiocephaly itself or neurological deficits unrelated to skull shape (e.g., muscle tone or
motor development deficits/delays that predispose infants to maintain more static positions
while sleeping)? Data on the cosmetic and social outcomes for children with DP are also
quite limited, even though DP is thought of as a cosmetic condition and rationales for
treatment often focus on “normalizing” children’s craniofacial appearance in order to
prevent social stigma. At present, we know very little about how these children are
perceived by objective raters, whether appearance normalizes over time with or without
treatment, or how attractiveness ratings might relate to the severity of DP.

Further development of research and theory is needed to refine etiologic hypotheses and to
provide clinicians and parents with accurate information regarding the association between
plagiocephaly and infant development. Several factors indicate the need for rather
immediate study of these issues including: the rapidly increasing rate of DP (and/or
increasing awareness of and parental worry about the condition), the proliferation of
associated medical treatments (helmets and craniofacial surgery), the implication of causal
association with the “Back to Sleep” campaign, and the possibility of preventable
developmental delays (e.g., through early identification and educational intervention).
Moreover, there is concern that in the absence of clear-cut guidelines regarding DP, some
parents will ignore the recommendations of the Back to Sleep program in an effort to
prevent deformation of their infant’s skull.2

In this paper, we first provide an overview of the diagnosis, treatment, suspected
pathogenesis, and prevalence of DP. This first section extends Rekate’s28 review of early
research on the phenomenological aspects of DP, including several newer studies. In the
second section of this review, we discuss critical issues pertaining to child development,
including the association and possible causal linkages between DP and neurodevelopment,
and the effects of parental concerns about facial appearance on initial identification. Given
the paucity of research on these issues, we offer conceptual models and tentative hypotheses
to guide future research. We conclude with a discussion of the clinical implications of these
issues for developmental and behavioral practitioners.

DIAGNOSIS AND PATHOGENESIS

DP is a descriptive diagnosis that is potentially relevant for a very heterogeneous group of
children with cranial asymmetry. The etiology, by definition, relates to pre- or post-natal
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“external forces” (i.e., surfaces that the fetus’/ infant’s head rests against) that are believed
to mold and ultimately distort the shape of the infant’s skull.2 /n utero, the fetus’ head can
consistently rest against a hard surface, such as the maternal pubis, a uterine fibroid, or a
twin.23 Other intrauterine factors that induce constraint and/or limit fetal mobility /n utero
include large fetal size, uterine anomalies, decreased amniotic fluid, and multiple gestation
pregnancy; all of these factors have been associated with prenatal development of
plagiocephaly.2-512.25 Once plagiocephaly is present, it may promote positional preference
and/or induce neck muscle asymmetry.28 Conditions that restrict range of motion may
contribute to the post-natal development of plagiocephaly. For example, cervical spine
anomalies, muscular anomalies in the neck and shoulders, isolated torticollis, and
generalized neurological or motor conditions can all restrict an infant’s ability to control his/
her head position and, therefore, elevate risk for DP (although as we detail below the causal
sequencing of these factors is unclear).2>:6:9 Premature infants have elevated risk for
plagiocephaly, possibly due to limited mobility and/or inadequate bone mineralization.13:27
As we discuss in more detail below, there is emerging evidence that infants can develop DP
as a result of forced positioning during sleep or other activities, and frequent exposure to
devices that constrain mobility and/or force position, such as car seats.?

Initial Detection

Parents and/or pediatricians typically notice an infant’s skull asymmetry at 2 to 3 months of
age2* and diagnoses of DP are generally made by age 6 months.#10.11 Typical
manifestations include a parallelogram shaped skull, with flattening of the left or right
occiput, ipsilateral frontal bossing, and contralateral occipital bulging.22-30 Other common
presentations include brachycephaly (flattening of the central occiput) and dolichocephaly
(flattening of both sides of the skull). Fig. 1 illustrates these skull shapes. Severity varies
widely, ranging from mild flattening to notable asymmetry with secondary ipsilateral
anterior ear displacement and/or mild mandibular and maxillary deformation,2:29-31
Currently, diagnosis is based upon visual inspection of the infant skull and radiographic
evaluation (CT scans) as necessary to rule out synostosis.2%:3% Various quantitative
measurements of asymmetry have been described in the research literature,32:33 but until
recently such measures had limited clinical utility due to the difficulty of obtaining accurate
measurements, poor reliability, and/or undue expense of CT scans. Newer and less costly
technologies are likely to change this, and researchers and many specialty clinics are now
beginning to use three-dimensional surface imaging to calculate an index of cranial
symmetry.33-35

Prevalence and the “Back to Sleep” Program

Commonly cited incidence estimates for DP range from 0.3% to 48%?° in otherwise healthy
infants. However, these figures are based on early studies that were not population-based
and were limited in several respects (e.g., poorly defined diagnostic criteria). Well-
controlled epidemiological research continues to be very limited, and a lack of widely
agreed upon methods to establish asymmetry and define “caseness” makes it virtually
impossible to make comparisons across studies. In one of the few population-based studies,
Peitsch and colleagues® investigated cranial asymmetry among otherwise healthy newborns,
with results indicating that roughly 13% showed measurable evidence of posterior flattening
of the skull shortly after birth (24 to 72 hours post-natal). Males were at greatest risk (2:1
male:female ratio), and variables such as primiparity, twinning, prolonged delivery, and use
of assistive devices (forceps, vacuum extraction) conferred additional risk. Risk was not
greater among any specific ethnic group. The authors propose that such initial skull
flattening may lead to positional preference and become exacerbated over time, representing
at least one pathway to DP in later childhood. In another population-based study conducted
in the Netherlands by Boere-Boonekamp and Linden-Kuiper,® the prevalence of DP was
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estimated at 9.9% in a sample of 7,609 infants ages 1-6 months. Among children with
positional preference (i.e., head rotation to one side 75% of the time when in supine), 76%
had visible occipital flattening and 34.8% had flattening of the forehead. In the controls, 4%
had occipital flattening and 2% had frontal flattening. Unfortunately, as is often the case in
this area of research, children were classified as having DP based solely on physicians’
visual inspection of the child’s head shape rather than objective measurements. As a result,
it is impossible to determine how “cases” from this sample compare with those from other
studies. In nearly all population-based and clinical samples, the prevalence of DP is
significantly higher among males (1:5—1 to 3:1, male:female).>6.8.12.25

Despite the difficulties in establishing the epidemiology of DP, there is broad consensus that
diagnoses of DP have increased dramatically in the United States over the past 10 years, a
trend that several authors have attributed to the AAP “Back to Sleep” campaign.10-13:36 This
public health intervention was intended to reduce the incidence of sudden infant death
syndrome (SIDS) by having parents routinely place infants on their backs during sleep rather
than in a prone position, which was more common at the time. The intervention has been
highly successful, leading to changes in parents’ infant positioning practices and a decrease
in the rate of SIDS in the United States.1>-20 Specifically, in 1992, 70% of parents reported
placing their infant in the prone position for sleep; in 1996, the rate was reduced to 24%.19
Over this period, the incidence of SIDS decreased by roughly 40-50%.15-20 At the same
time, the incidence of posterior DP increased exponentially.10-13:36 A similar trend is seen
in other westernized countries that have implemented public health campaigns advocating
supine sleep positioning (e.g., in the Netherlands® and Australia®). Unfortunately,
epidemiological studies from non-westernized societies are lacking, making it impossible to
evaluate trends in cultures with other infant sleep-positioning practices (e.g., among those
who swaddle their infants for sleep, or where prone sleep position continues to be more
common).

Hutchinson et al.2> have published relatively compelling evidence suggesting that routine
supine positioning is at least one causal factor in the development of DP. These authors
conducted a case-control study examining various determinants of the condition. They found
that parents of infants with plagiocephaly were more likely than controls to report supine
positioning in their child’s first 6-weeks. In part, it appears that the association between
positioning and DP may reflect parents’ over-interpretation of the AAP’s recommendations.
That is, parents may have assumed that the prone position was to be avoided altogether
during both sleep and waking periods.29 In addition to routine supine sleep positioning,
Hutchinson et al. found that spending < 5-minutes per day in “tummy time” was a
significant risk factor for DP.2°

The observed increase in plagiocephaly diagnoses may also be attributed to increased
awareness of the condition and the availability and promotion of previously unavailable
treatments.2® Parents are naturally concerned about their infant’s craniofacial appearance
and the possibility of abnormal or unattractive appearance in later life. Several web sites
describing deformational and synostotic plagiocephaly refer to the social-psychological
literature regarding the consequences of children’s abnormal or unattractive facial
characteristics (see Langlois et al.,37 for a review), with the implication that adverse effects
such as teasing, poor self-perception, and teacher bias are likely. Many of the same web sites
also refer to dire neuropsychological consequences, presumably due to the effects of
abnormal skull shape on brain development. As parents more often turn to the Internet for
supplemental medical information and advice, they become increasingly vulnerable to these
messages, with heightened scrutiny of their infant’s craniofacial appearance. It is likely that
some parents are more vulnerable in this regard than others. Clinical observation suggests
that a significant minority of parents seeking evaluations of plagiocephaly show elevated
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concerns about their infant’s health and appearance in general, perhaps related to their
perceptions of responsibility for the problem (e.g., “I’ve distorted my baby’s head shape by
the way I’ve put her to sleep”). There has been no empirical study of these issues and it is
not known whether parents seeking evaluation are any more anxious or concerned than
typical parents of neonates; nor whether parents of diagnosed infants who elect treatment are
any different in this regard than those who decline. Regardless of the source of the observed
increase in diagnosis and attention that plagiocephaly has received, pediatricians,
neurosurgeons, pediatric plastic surgeons, and craniofacial centers have been deluged with
requests for evaluations, prompting some craniofacial centers to develop specialized clinics.
Some programs have found it necessary to hold “group screening days” in order to
accommodate the growing number of requests for evaluations of DP.38

MEDICAL TREATMENT

Common treatments for DP include repositioning “coaching” for parents, combined with
physical therapy and exercises to improve range of motion (generally used for younger
infants).24:5:39:40 Specially designed orthotic helmets or bands are often used for infants 6-
months or older, with more significant deformity.24:28:3941 |n hoth cases, the objective is to
relieve pressure from the flattened region to allow the skull to “fill out” during brain growth.
Given that most of the infant’s head growth takes place during the first year, early
intervention is considered essential for optimal outcomes,*2 although helmets are sometimes
still used in the 12—18 month age range. Clarren et al.! first described the use of orthotic
helmets, and subsequent studies have documented improvements in skull shape with their
use.228:41-43 However, controlled, randomized studies have not been conducted and there is
some evidence that rates of improvement are comparable with repositioning and physical
therapy, at least among infants with mild to moderate plagiocephaly.3940 It is presumed that,
without treatment, DP will resolve for some patients as they develop increasing mobility and
brain growth helps to round their developing skull. Hair growth may also conceal cranial
asymmetry.2:26 However, the extent to which the deformation changes (resolves or worsens)
or becomes less notable with age is not known. There has been suspicion of adverse effects
on dental malocclusion and difficulties with the temporomandibular joint. However, the
comprehensive review of the literature by Rekate® and our own literature search did not
reveal any studies documenting these effects. Indeed, there are very few longitudinal studies
documenting the course of untreated or treated DP.

ASSOCIATIONS BETWEEN PLAGIOCEPHALY AND NEURODEVELOPMENT

Although both deformational and synostotic plagiocephaly have long been recognized in the
medical community, few studies have evaluated the neurodevelopmental sequelae of these
disorders. In the late 1980’s, researchers began to seriously investigate the
neurodevelopmental and behavioral correlates and outcomes of single-suture
craniosynostosis and the issue has gained further attention over the past 10 years. For infants
with DP, the condition has been viewed as conferring little or no risk aside from possible
cosmetic problems and associated social-psychological risks (i.e., teasing and other forms of
appearance-related social bias). Studies of neurodevelopmental outcomes for infants with
DP have just begun to emerge. The results from these two lines of research are briefly
reviewed below.

Single-suture Synostoses

Single-suture (or “isolated”) synostosis is the most common form of craniosynostosis,*
including fusions of the sagittal, metopic, left or right lambdoid sutures, and left or right
coronal sutures. The incidence of any one of these suture fusions is about 1 in 2,000 live
births, with sagittal fusions believed to be the most common.#445 Genetics and

J Dev Behav Pediatr. Author manuscript; available in PMC 2012 July 10.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

COLLETT etal.

Page 6

environmental exposures (uterine constraint) have been implicated as causes for isolated
craniosynostosis.*6-49 For example, researchers are investigating mutations in fibroblast
growth factor receptors 1-3, and TWIST, which have been found in some craniofacial
syndromes and even in some samples of nonsyndromic, single-suture synostoses.*’~49 Most
cases of single-suture synostosis require a single surgery (cranioplasty) to release the fused
suture and reshape the deformed calvaria.>9 This surgery is preferentially performed within
the first year of life in order to capitalize on the malleability of the infant’s skull-as well as
the rapid growth of the infant’s brain—and to minimize secondary facial deformation.59:51
Speltz et al.52 reviewed studies of neurobehavioral outcomes and correlates in children with
these disorders. Collectively, these studies examined over 1,000 infants, children, or
adolescents with single-suture fusions, with most cases under 5 years at the time of
assessment. The majority of studies have used standardized tests of cognition, language, or
some other neuropsychological function; three studies?153:54 used retrospective reviews of
medical charts, including reports of previous standardized testing. Only 2 studies used a
comparison (or control) group.55:56

Overall, findings suggest that isolated craniosynostosis is associated with a 3- to 5-fold
increase in risk for cognitive deficits or learning/language disabilities,?122:57 assuming a
population base rate of roughly 10%.58 Case-control studies, however, have either revealed
no differences®® or subtle differences in only a few specific neuropsychological domains
(e.g., verbal reasoning and comprehension, auditory memory).%6 No particular calvarial
suture has yet been associated with a higher risk of problems, although this may primarily
reflect a lack of statistical power in most reported comparisons of diagnostic subgroups
(e.g., sagittal vs. metopic synostosis). These conclusions are tentative, given the several
methodological limitations of this research (e.g., ascertainment factors, lack of control
groups) and the age of the children studied—mostly infancy, toddlerhood, and preschool-
age, developmental periods in which the reliable assessment of mild to moderate
neurodevelopmental deficits is difficult. Several of these studies have also examined
outcomes in relation to age of surgery, with the expectation of inverse correlation between
age and developmental status, due to the effects of suture fusions on brain growth over time.
The results of these quasi-experimental studies are equivocal, with most finding little
relation between these two variables (e.g., Gewalli et al.>9). Finally, it has been proposed
that the genetic mechanisms implicated in the etiology of craniosynostosis (e.g., fibroblast
growth factor receptors 1-3, TWIST) are associated with higher probability of
developmental deficits or delays, a notion with preliminary support from animal (e.g.,
McDonald et al.8%) and human studies (e.g., Johnson et al.5%).

Deformational Plagiocephaly

As noted, DP has been considered a benign cosmetic condition with little interest in its
neurobehavioral correlates. However, recently published findings have challenged this
assumption. Miller and Clarren23 completed a chart review for 254 school-age patients who
had been diagnosed with DP in the Craniofacial Center at Seattle Children’s Hospital when
they were infants. Of the 181 families approached, 63 agreed to participate in a follow-up
interview. Questions focused on whether children evidenced delays in infancy, academic
delays, or need for special educational services. Twenty-five of the 63 children (39.6%)
showed evidence of developmental delays. The siblings of these patients (who were not
diagnosed with plagiocephaly) were used as controls, though they were not matched on
gender or age. Miller and Clarren23 found that children with plagiocephaly were more likely
to require special education services in school than their non-affected siblings (34.9% vs.
6.6%, respectively). Required services included speech therapy (n = 10), occupational
therapy (n = 1), and physical therapy (n = 1). A significant sex difference emerged: only
males were found to be more likely than their siblings to show developmental delays.
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Children whose DP occurred in the presence of other related pre-natal risk factors were at
highest risk. Presence or absence of previous medical treatment (e.g. helmeting) for
plagiocephaly did not affect the occurrence of problems.

Overall, the results of this study suggested that school-aged children with DP were at
increased risk for developmental delays and required special education services more
frequently than their non-affected siblings. This effect was only observed in males, and was
most notable for those who manifested cranial asymmetry at birth. The study is limited in
several respects. Because children’s development was not directly assessed, there are no
data on the specific areas of deficit that prompted special education referral or the extent of
deficits/delays observed. Moreover, as referral procedures can vary widely among school
districts, referral bias and/or missed cases of neurodevelopmental problems are possible. It is
also notable that the proportion of interviewed families among those receiving a diagnosis is
relatively small (about 25%) and siblings were not matched on age or gender. Finally, the
children from this sample had been diagnosed with DP between 1980 and 1991, before the
introduction of the “Back to Sleep” campaign and the subsequent increase in rates of the
condition. This raises the possibility of important cohort differences between this sample
and more recently identified cases, which might be expected to influence the findings.

Panchal et al.24 examined neurodevelopment in infants with DP (n = 42) and single-suture
craniosynostosis (n = 21). All infants were assessed using the mental development index
(MDI) and psychomotor development index (PDI) of the Bayley Scales of Infant
Development — Second Edition (BSID-11).%2 Infants were tested at 10.9 and 8.4 months of
age in the craniosynostosis and DP groups, respectively. Standard scores were used to
compare infants with the normative sample. For children with craniosynostosis, PDI scores,
but not MDI scores, were significantly lower than BSID-I11 test norms. None of these infants
scored within the accelerated range of PDI scores and they were more likely than expected
to score in the mildly to severely delayed range. Results from the DP sample are particularly
intriguing. In this group, none of the infants scored within the accelerated range and they
were more likely than expected to score within the mildly to severely delayed range on both
the MDI and PDI. Subsequent analyses suggested that these findings were not accounted for
by socioeconomic factors (using Medicaid coverage as an indicator of SES). These findings
suggest that infants with DP are at increased risk for developmental delays in infancy, and
the level of risk is comparable to or even greater than the risk level for infants with
craniosynostosis. The study was limited by reliance on a single measure of
neurodevelopment, lack of a control sample, and minimal description of cases, including
clinical histories and risk factors for plagiocephaly. The authors did not report standard
scores, therefore limiting comparisons with other child populations.

Hutchinson et al.25 asked mothers whether they perceived their children as being more or
less active than other infants and whether they perceived any developmental delay. Relative
to the mothers of control infants, these mothers were significantly more likely to describe
their infants as being less active than usual during their first 6-weeks. These mothers were
also more likely to report perceived developmental delays, particularly head lag problems
(i.e., difficulty with head control) and delays in rolling over. This study has the advantage of
including a control sample. However, given that investigation of neurodevelopment was not
the primary objective of the study, these authors measured only maternal perceptions of
infant activity and development, which may be biased by mothers’ awareness of their
infants’ diagnostic status.

Taken together, the results of these studies very tentatively suggest that DP is associated
with increased risk for developmental delay; however, a causal association should notbe
presumed. Although there may be adverse effects resulting from brain development in an
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asymmetric skull, it is also plausible that DP is merely a “marker” for other conditions that
impede development (e.g., primary neuromuscular condition, environmental constraints; see
below for discussion of possible pathways). Moreover, existing studies have several
important limitations and there has not been a well-controlled study specifically designed to
investigate neurodevelopmental outcomes for children with DP.

PLAGIOCEPHALY: CAUSE OR CORRELATE OF COGNITIVE DELAYS OR
DEFICITS?

The preceding studies indicate an association between single-suture synostoses and
neurodevelopment, and suggest the possibility of association between DP and
neurodevelopment. However, in neither case do we know whether there are causal relations
between skull deformity and neurodevelopment. There has been extensive discussion and
debate about the possible linkages between single-suture synostoses and brain development,
as well as the role that cranioplasty might play in the prevention or amelioration of
neurodevelopmental delays or deficits.21:59.63.64 However, to date, little has been written
about these issues with respect to DP and associated treatments. At least three “main effect”
pathways, with varying degrees of plausibility, can be discerned with respect to the possible
link between DP and neurodevelopment. These are not considered mutually exclusive and,
as discussed below, multi-factorial combinations are a distinct possibility. The pathways,
shown in Fig. 2 and described below, consider the separate and interrelated development of
motor and cognitive abilities.

1. “External forces” leading to skull deformation and ultimately, brain
deformation. As presumed by some early studies of isolated craniosynostosis and
current media accessible to parents, brain growth in an abnormally shaped skull
(e.g., craniosynostosis or DP) could lead to structural abnormalities that are
manifested by measurable developmental delays or deficits. Developmental
problems are viewed in this pathway as directly related to DP, which itself could
result from any one or more of the biomechanical or environmental factors
described above—in this pathway, no particular “external force” is central to the
hypothesis. Relevant to this pathway are neuroimaging studies showing cortical and
subcortical abnormalities in cases of synostotic plagiocephaly.>1:65-67 For example,
Aldridge et al.%5 using 3-D MRI found differences in subcortical morphology
between infants with and without unilateral coronal synostosis, which is
characterized by plagiocephalic head shape. Specifically, the anterior lateral
ventricle on the “synostosed” (affected) side was displaced toward the midline and
the anterior corpus callosum was compressed. Although it is theoretically possible
that severe cases of DP could show similar subcortical dysmorphology, to our
knowledge there is no supporting evidence. Moreover, MRI data involving cases of
isolated sagittal and metopic synostosis indicate that many of the observed cortical
and subcortical abnormalities found in these cases were not related in any obvious
way to the shape of the synostosed skull.%6 This observation leaves open the
possibility that CNS dysfunction precedes or even causes cranial abnormalities
such as plagiocephaly, as described in pathway 3 below.

2. Environmental positioning limitationsleading to both DP and motor deficits.
Post-natal environmental constraints — presumably imposed by caregivers —could
independently produce DP and motor delays or deficits. For example, over-use of
car seats or baby swings, or invariant sleep positioning could alter head shape and
significantly limit an infant’s opportunities for motor development. Given the
highly integrated and reciprocal development of cognition and motor skills in early
infancy, such constraints on mobility could lead to delays or deficits in the
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development of “motor-driven” cognitive functions as well (e.g., cause and effect
reasoning).58 In this pathway, DP is viewed as causally urrelated to development.
In support of this hypothesis, several studies have shown that parent-reported sleep
positioning and encouragement of awake time in prone are positively related to the
infants” motor development.59-72

3. CNSpathology leading to DP. In this pathway, CNS pathology is the primary
casual agent, leading to specific neuromuscular deficits (e.g., torticollis, hypo- or
hypertonia) and associated limitations in infant mobility and infant preference for
static positions. Limitations in mobility and positioning would in turn elevate the
risk of DP. Although environmental positioning contributes to skull deformation in
this pathway, it is seen as having little if any causal effect on development. More
specifically, cognitive delays or deficits in this model could result directly from
CNS pathology and/or indirectly, as mediated by delay or deficits in motor
development. Similarly, in a closely related variant of this pathway, CNS pathology
might be seen as directly contributing to DP, without the mediating effect of motor
delays or deficits. Support for this idea comes from animal studies finding that the
CNS can influence skull shape by way of its physical and developmental
connections with the intermediate dura.56.73

At present, pathways 2 and 3, in which DP is conceptualized as a correlate or “marker” of
neurodevelopmental problems but not a cause, seem the most plausible. The combination of
pathways 2 and 3 is also possible, in which primary CNS dysfunction and environmental
positioning limitations contribute to DP and associated motor delays or deficits. And, as
noted by Aldridge et al.,> causal pathways may differ among affected individuals,
depending upon genotype, developmental timing of specific events, and occurrence of
specific environmental and biomechanical events. Further complicating our understanding
of these pathways are the anticipated effects of neural plasticity, compensatory processes,
behavioral adaptation, and environmental factors unrelated to positioning, all of which are
known to moderate the effects of prenatal and postnatal/environmental CNS insults on
neurobehavioral outcomes.”4-76

We do not yet understand nor have a sound basis for making hypotheses about the specific
mechanisms that link DP with neurobehavioral development. The direction of basic causal
pathways is yet to be even tentatively established (i.e., do motor and other
neurodevelopmental deficits lead to or follow from skull deformation?). Although there is
the basis for hypothesizing a positive linear relation between plagiocephaly and
neurobehavioral outcome, hypotheses regarding how or why the two may be linked are
extremely tentative. Nonetheless, these pathways offer testable predictions for future
research. For example, support for pathway 3 (primary CNS pathology) would be provided
if cognitive deficits were observed among infants with both DP and diagnosable
neuromuscular problems, but not among infants with only DP. Pathway 1 might be
supported by (a) robust correlations between degree of cranial asymmetry and development,
and (b) an association between treatment to address asymmetry (i.e., orthotic helmets) and
later developmental outcomes. In other words, we would anticipate worse outcomes for
those children with more severe asymmetry and there may be some developmental benefit of
efforts to correct asymmetry early in the course of development. Finally, pathway 2 would
be supported by findings of minimal differences between infants with and without DP when
controlling for relevant contextual factors associated with environmental positioning (e.g.,
awake time in prone, amount of sleep time in supine, etc.).
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Testing these hypotheses will require further precision in measurement strategies. For
example, the operationalization of “asymmetry” has been a challenge in prior studies and, in
clinical practice, often relies on clinician judgment. Newer measures, such as surface
imaging technologies, are likely to result in more reliable and precise quantitative
measurement. For example, the Starscanner™ and the 3dMD three-dimensional camera are
devices that can generate in a matter of seconds a three-dimensional “wire mesh”
representation of the skull, from which continuous measures of cranial asymmetry and other
quantitative data can be derived with appropriate software.3*

In addition to the broad developmental measures that have been used in previous research
(e.g., the BSID-II), assessment strategies emerging from the developmental and
experimental psychology literature are likely to be useful in identifying specific cognitive
skills in young children that might be influenced by DP (e.g., Diamond et al.””). Ideally,
these skills would be assessed at multiple time points to assess both cognitive functioning at
a given point in time and developmental trends. Finally, the use of neuroimaging
technology, such as MRI, may be used to assess underlying structural CNS pathology that
precedes or follows from DP. A comparable approach has been used with children having
craniosynostosis,5° and is likely to prove informative for those with DP.

DP AND PARENTAL CONCERNS ABOUT FACIAL APPEARANCE

In addition to distortion of skull shape, the facial appearance of children with DP may be
affected adversely by secondary ear displacement and/or mandibular and maxillary
deformations.26:31 Even in the absence of obvious facial differences, children’s overall
attractiveness may be compromised by plagiocephalic head shape. Not surprisingly, one of
the most frequently reported parental concerns regarding DP relates to the child’s
craniofacial appearance and the possibility that he or she will be teased, embarrassed, or
otherwise stigmatized because of the condition.”8 Parents of infants with plagiocephaly
often comment that their child will “hold them responsible” for how they look, which is
often the primary motivation for seeking treatment.”®

Studies of typical children have clearly demonstrated that facial “attractiveness” has
significant impact on the perceptions and behaviors of adult caregivers,’9-81 interactions
with peers,82:83 and teachers’ perceptions of competence and aptitude.848% Nurses in the
nursery and mothers of newborns have been observed to spend more time attending to
typical infants with more attractive facial features.86 In research involving craniofacial
populations, Speltz and colleagues®”:88 have found that adult raters are adept at detecting
even subtle facial anomalies in infants/toddlers and adjusting their attractiveness ratings
accordingly. Specifically, in a sample of young children with cleft lip and palate (CLP), cleft
palate only (CPO), and typical children, adults — not surprisingly — consistently rated those
with CLP as less attractive than other groups. However, children with CPO, who have no
visible disfigurement (such as cleft lip), were also rated as significantly less attractive than
control children. Presumably raters were able to detect the very subtle facial anomalies
associated with isolated cleft palate (mid-face retrusion, asymmetry).

Despite the high level of parent concern regarding the craniofacial appearance of children
with DP, this aspect of the condition has received little attention by researchers. We are
aware of only one study that examined attractiveness in very low birth weight (VLBW)
infants with “post-natal headmolding,” or dolichocephaly (see Fig. 1).8% The authors
evaluated attractiveness in three groups: VLBW infants with head molding, VLBW infants
without the condition, and full-term newborns without bi-parietal narrowing of the skull.
Raters included mothers of VLBW infants and mothers of full-term infants. Both groups of
mothers rated infants with skull flattening as less “cute” than other infants. As might be
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expected, the mothers of VLBW infants rated those with skull flattening as more attractive
than did the mothers of full-term infants.

Although speculative, these findings and the more general literature on facial appearance
suggest that DP could affect a child’s attractiveness and have some yet undetermined effect
on social responses and ultimately, the child’s psychological development. In our clinical
work and pilot research, parents frequently report undesirable frontal facial appearance in
their own infants with plagiocephaly. Whether such characteristics are noticeable by
“judges” unfamiliar with the infant is unknown, an important factor in trying to gauge the
potential vulnerability of plagiocephaly-related appearance to negative social responses.

DIRECTIONS FOR FUTURE RESEARCH

Empirical data are needed to guide clinicians’ diagnosis and treatment practices, and to
better inform parents about the prognosis and associated features of DP.

Prospective Longitudinal Studies

Prospective, population-based epidemiological studies are particularly needed to establish
the incidence and prevalence of DP. These studies are likely to be advanced by the time
efficient surface imaging technologies described earlier, which could be used to develop
normative data with non-referred infants. This would allow for further precision regarding
the operational definition of “cases” across studies. Prospective studies can also provide
information about the course of DP over time. Longitudinal data can address questions such
as “when is the condition likely to resolve without intervention or using non-intrusive
interventions, such as repositioning?”

Developmental Outcomes

Research investigating the association between DP and developmental outcomes is also
needed, with only three previous studies of this issue to our knowledge.23-2% The primary
question for this research is “does DP serve as a biological marker of subsequent
developmental delays or persisting deficits, regardless of whether it exerts any causal effect
on development?” Longitudinal studies that utilize well-matched control groups and
objectively assess multiple developmental functions (e.g., cognition, learning, memory,
motor skill, executive functioning, language, and behavioral adaptation) will provide the
best answers to this question. Such studies could be combined with the prospective
epidemiological research described above, assessing children’s development prior to and
following the onset of DP to determine which children are at greatest risk for developing the
condition and whether observable delays precede or follow the condition. Comparisons of
DP cases with test norms (instead of control groups) are inadequate because they do not
control for the many factors that bias the ascertainment of clinical samples (e.g., family
social status, parent anxiety, provider variables). Several other potential confounds in the
comparison of DP cases and controls would need to be examined including various prenatal
exposures and environmental hazards, parent 1Q, quality of care, infant positioning factors
(e.g., time spent in supine), elective treatments for DP cases (e.g., helmet or band therapy),
and special interventions to enhance development in either cases or controls (e.g., early
intervention programs).

Given the reported prevalence of cranial asymmetry among otherwise healthy children, it
will be necessary to rule out cases of undiagnosed plagiocephaly among controls and to
clarify the threshold at which deformation (as quantified by, for example, surface imaging)
is associated with developmental delay or deficit. Ideally, future research would combine
standardized assessment of development, surface imaging, and neuroimaging to clarify the
relation among functional impairment, skull asymmetry, and CNS pathology.
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Sex Differences

Given the preponderance of males among ascertained cases of DP, analysis of sex
differences and interaction between child sex and diagnostic status (DP vs. controls) is
important in determining whether sex is uniquely associated with DP or more generally
related to developmental course. Males have shown elevated risk of delayed development in
a variety of high-risk samples (e.g., prematurity; drug exposure, high social risk) and it is
possible that DP serves as a biologic marker of heightened developmental risk for males
only.%0

Determinants of Treatment Participation

Studies are needed to determine the factors most influential in parents’ decisions to pursue
elective treatment for DP (e.g., helmet or band therapy). In our clinical experience and pilot
work, roughly half of parents given the option of elective treatment choose to follow up.
Severity of DP does not always appear to be the primary determining factor, with parent
characteristics possibly contributing as well (e.g., parental anxiety about the child’s future,
as affected by background stress). There has been no study of this issue to our knowledge,
and it would be possible to examine the relative contribution of cranial asymmetry and
parenting variables to treatment participation.

Craniofacial Appearance

Finally, as suggested above, studies regarding the association between objectively measured
cranial asymmetry and subjective ratings of craniofacial appearance — including general
attractiveness and frontal facial attractiveness —are needed to determine the validity of
parents’ concerns in this regard. Key questions include: To what extent does skull shape
affect measurable frontal facial features in children with varying severity of DP? Does skull
shape contribute to social perceptions of “attractiveness” or is facial appearance the only
significant determinant? To what extent does attractiveness normalize over the course of
development with and without treatment?

IMPLICATIONS FOR CLINICAL CARE

The American Academy of Pediatrics (AAP) has provided a number of recommendations
regarding the prevention and medical management of DP, including infant positioning
strategies, mechanical adjustments, exercises, and use of orthotic helmets.36 However, the
AAP’s recommendations have not specifically considered the neurodevelopmental
implications of a positive DP diagnosis, presumably due to limited knowledge of
neurodevelopmental correlates and outcomes. Developmental and behavioral pediatricians
are in a unique position to provide consultation to colleagues in other disciplines/specialty
areas, educate concerned parents, and participate in multi-disciplinary screening and
assessments of these high risk children. Given emerging data suggestive of at least mild
neurodevelopmental problems among infants with DP, and the fact that early detection and
educational and psychomotor interventions are highly successful in preventing or reducing
the impact of developmental delays or deficits,%! infants meeting diagnostic criteria for DP
should be routinely screened and monitored for neurodevelopmental problems. The known
association between neuromuscular disorders (e.g., limited range of motion, hypotonia) and
DP indicate that it is especially important to screen and monitor motor skill development.
When indicated, referral for physical or occupational therapy may not only help to minimize
cranial deformation, but may also facilitate other areas of development, including cognitive
ability.
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SUMMARY AND CONCLUSIONS

The observed increase in DP likely reflects a combination of factors including the AAP’s
“Back to Sleep” campaign, increased public awareness and sensitivity to infant skull shapes,
and the continuing development of treatment alternatives. Although the condition has been
considered relatively benign from medical and developmental perspectives, parents often
report concern and show a great deal of interest in treatment options, raising the possibility
that some parents may choose to ignore the recommendation for supine sleep positioning,
despite the documented effectiveness of this public health intervention in preventing SIDS.
The ambiguities of the diagnosis, combined with the availability of information (and
misinformation) regarding potential adverse outcomes, are likely to heighten parents’
concern. Both of these factors suggest the need for further research on the phenomenology
of DP and associated developmental outcomes.
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FIGURE 1.

Top view of children’s skulls with various presentations of DP (from left to right: typical
manifestation of DP, with flattening of the left occiput, ipsilateral bossing of the forehead,
and contralateral occipital bulging; “dolichocephaly,” or bi-lateral skull flattening; and
“brachycephaly,” or flattening of central occiput).
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FIGURE 2.
Proposed developmental pathways accounting for association between DP and
developmental.
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