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. Introduction

Several types of head deformation can be seen in children,
ncluding plagiocephaly and brachycephaly. These terms derive
rom the Greek “plagios” meaning oblique, “brachy” meaning short
nd “kephale” meaning head. The etymologies globally refer to an
bnormal head shape without any specific etiology, and can refer
o anterior or posterior deformity [1]. Anterior plagiocephaly is
ften due to premature fusion of a single coronal suture, result-
ng in unilateral flattening of the forehead with abnormal orbital
oof shape, while anterior brachycephaly is often due to prema-
ure fusion of both coronal sutures, resulting in bilateral flattening
f the forehead. In posterior deformities, the mechanism usually
oes not concern the synostosis but rather a prolonged pre- and/or
ost-natal mechanical force applied on the head, resulting in what

s called positional or deformational plagiocephaly (DP) when the
eformation is asymmetrical or deformational brachycephaly (DB)
hen it is symmetrical. This positional mechanism can also be

nvolved in anterior deformations, but very uncommonly. Con-
ersely, premature fusion of one or both lambdoid sutures may  be
ound, resulting in true craniosynostosis with posterior deforma-
ion, but this is more rare.

This article is dedicated to positional or deformational pla-
iocephaly and brachycephaly, describing the history, diagnosis,
reatment and controversies and our experience in its manage-

ent.

. History

The history of artificial cranial deformity (ACD) is extremely
ld. The very first evidence of ACD dates back the middle Pale-
lithic period, but the most reliable evidence dates back to the Inca
orld in Peru and ancient Egypt. In ancient Peru, wood planks were

pplied to the front and back of children’s heads, and progressively
ightened by bandages. In Europe, the same kind of deformities
ere found up to the nineteen century, especially in France where

he custom was  to put a tight bandage around the skull of the
ewborn until adolescence, resulting in the typical “Toulousaine
eformation”. Different types of head shape were found by archeol-
gists, suggesting that this practice had several different meanings.
nthropologists have explained ACD as a method of defining the
embership of social or ethnic groups [2]. For example, in the
avajo custom, warriors’ cranial deformation promoted aggressive

ehavior during war and instilled fear in enemies.

In the modern era, these customs have disappeared, but skull
eformities may  still occur. A sudden rapid increase in the incidence
f DP was observed in the early 1990s. The reason for this was  a

https://doi.org/10.1016/j.neuchi.2019.09.003
028-3770/© 2019 Published by Elsevier Masson SAS.
1992 recommendation by the American Academy of Paediatrics,
in the so-called “back to sleep campaign” [3], to position children
on their back to sleep. Previously, infants had often been placed
in prone position to sleep. Since the campaign, the incidence of
sudden infant death syndrome (SIDS) dropped by 50% down to 0.54
per 1,000 live births [4], but the incidence of DP  increased [5–8]. In
1974, DP was found in 1 per 300 live births in prone-sleeping infants
[9]: in 1994, it was estimated at 1 per 60 [5] and now is as high
as 48% [10,11]. Interestingly, before 1992, anterior DP was  more
frequently seen than posterior DP, but its incidence dropped with
the supine sleeping position [6,12,13]. This increasing incidence
of posterior DP led practitioners to be more diligent in diagnosing
head deformities, resulting in earlier treatment initiation [4].

3. Diagnosis

3.1. Natural history of skull growth

The neurocranium is composed of two  parts: the base, which
is formed by endochondral ossification, and the vault, which is
formed by membranous ossification. The vault or flat bones of the
skull (frontal, parietals, squamous part of the temporal and part of
the occipital bones) are formed by a membranous system. These
membranous bones, making up the calvaria of the skull, are each
derived from the primary ossification center, from which bone for-
mation spreads outward. However, the individual plates do not fuse
during prenatal development, and newborn babies have unclosed
sutures and fontanelles. These temporary discontinuities between
the bones of the calvaria allow easier passage of the head through
the birth canal at birth and an increase in skull size to match
brain growth after birth. Cranial growth is directly linked to brain
growth, and is regulated by a complex system in which the bone
forms perpendicularly to the suture. This involves osteoclasts that
induce bone disintegration on the inner surface of the calvaria, and
osteoblasts that thicken the bone on the outer surface. These two
mechanisms allow adaptation of bone thickness to obtain homo-
geneous curvature of the calvaria. Complete fusion between the
various bones normally occurs after the age of 3, is almost com-
plete at 8 years of age, and finishes at the end of sexual maturity,
except for the metopic suture. This suture, between the two frontal
bones, begins to fuse in the first year of life. Sometimes the skull
fails to close completely, usually at the level of some basal sutures.

In contrast to what happens in an unfused skull, in craniosyn-
ostosis the direction of growth that is stopped is perpendicular to
the closed suture and growth becomes parallel to the suture with
abnormal skull growth to compensate for the lack of development

of the affected part. Moreover, as bone growth is directly linked
to brain growth, closure of one or more sutures leads to abnor-
mal  brain growth, so that the modification of shape is the result
of both compensatory growth and also possible alteration of the
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rain, especially when the other sutures begin their physiological
losure process.

.2. Epidemiology, physiopathology and risk factors

DP is far more frequent than synostotic deformation. Inci-
ence of lambdoid synostotic plagiocephaly is approximately 3 per
00,000 births (0.003%) [14]; this is the rarest form of craniosynos-
osis, while a certain degree of DP can presently be found in almost
alf of infants under 3 months of age [11]. DP is far more frequent

n boys, and the right side affected twice as often as the left [15]. DP
ay  also be present immediately at birth, due simply to mechan-

cal stress during the end of pregnancy passage through the birth
anal [11].

During the first months of life, the bone is extremely malleable
nd subject to deformation. It is, therefore, easy to understand why
P is strongly associated with head position and the ability to move

he head spontaneously: cervical muscle strength is variable at the
eginning of life and may  be not sufficient [16]. Consequently, the
hild spends most of the time on the back with the head sideward,
utting the occipital bone under pressure [15]. Flattening may  thus
ccur, as expansion and growth of the cranial bone is consistently
esisted by an external force [14]. When the infant is positioned
rone, the head rests on a surface, exerting a counterforce force
n the skull, according to Newton’s law, equal to the weight of the
ead multiplied by the force of gravity. It is this counterforce that
esists cranial growth. Progressively, the area of contact ceases to
row and the brain, which continues to grow, will be displaced to
reas of less resistance, creating contralateral deformation (occipi-
al bossing) and ipsilateral flattening [17]. As the child grows older,
e/she becomes able to hold the head independently, and then to
it up. Time spent lying down decreases and the progression of the
eformation slows down or may  even regress [16].

Another factor that affects the high prevalence of DP at a young
ge is that the younger the child is the faster the skull grows [18],
nd DP will appear or worsens faster. This explains why DP is rec-
gnized between 3 and 4 months of age [15,19], when prevalence
eaks [20].

Many other DP risk factors have been identified [21–30]: intra-
terine restriction such as oligoamnios, prematurity, primiparity
due greater birth canal constraint on the firstborn), prolonged
abor, assisted delivery, multiple birth, or congenital muscular tor-
icollis. Moreover, ophthalmological abnormalities and abnormal
uditory processing and motor development are also associated
ith greater incidence of DP [31].

.3. Diagnosis

Diagnosis is clinical. Clinical examination should include close
bservation of the baby’s head from all points of view (anterior,
ateral, posterior and superior). It is very important to differenti-
te positional deformity of the skull from true craniosynostosis:
rognosis, natural history and management are very different. Posi-
ional deformity is rarely seen at birth and appears rather in the first

onths of life. On the other hand, true lambdoid craniosynostosis
s visible at birth and worsens over time. It is thus very important to
uestion the parents and even ask for picture of the baby at birth.
t birth the head should have a symmetrical round shape. Not only

s chronology different, but the head deformity is also very differ-
nt (Fig. 1). In unilateral lambdoid craniosynostosis, the head has a
rapezoid shape, the ear is posteriorly and interiorly displaced on
he side of the posterior flattening, and there is often a palpable

ony ridge along the fused lambdoid suture.

In DP, the head has a parallelogram shape, the ear is displaced
nteriorly on the side of the posterior flattening, and there is con-
ralateral occipital bossing. In severe forms, ipsilateral frontal and
eurochirurgie 65 (2019) 322–329 323

temporal bossing can also be present. It is very important to exam-
ine the face, because some degree of facial deformation can occur
(cheekbone prominence, deviation of the chin to the contralateral
side of the occipital flattening and mandibular dysmorphia). In DB,
there is bilateral parietal widening to compensate for the bilateral
posterior flattening; there is then no rounding on the back, the
occipital external protuberance is almost invisible, and the head is
disproportionately wide in its transverse diameter and the maximal
anterior diameter is too short. There is often a turricephalic aspect,
with a taller vertex than the anterior part of the skull. Sometimes
the bilateral posterior flattening is not completely symmetrical,
one side being more affected than the other. One important fea-
ture to assess on clinical examination is neck movement, to screen
for torticollis [32], which is very frequent in neonates, the most fre-
quent being congenital muscular torticollis (CMT), in up to 30% of
neonates [33]. This can be explained by fibrosis of the sternoclei-
domastoid muscle, impairing neck range of motion. Roger et al.
found that 90% of infants that developed DP already had CMT  [34].
Diagnosis is based on the rotating chair or stool test, to test rota-
tion amplitude on both sides. In DP, torticollis limits head rotation
toward the side contralateral to the posterior flattening. Clinically,
this leads to an abnormal head position, tilted toward the affected
side and turned toward the opposite side. Sometime facial asym-
metry and problems of gross motor development can be linked to
torticollis.

3.4. Anthropometric assessment and classification

Clinical assessment of anthropometric variables is essential for
diagnosis, severity assessment and follow up of the deformation
related to cranial growth [35]. Argenta was the first to describe a
5-type clinical classification based on physical appearance and the
degree of clinical deformation for both DP and DB  [36].

Precise measurements can be made using a classical measur-
ing tape or anthropometric cranial caliper. Some authors described
more modern techniques: portable or stationary laser scanner, 2D
and/or 3D digital photography are the most widely used [37]. A
recent study showed that the anthropometric cranial caliper was
the most widely used tool in clinical practice; besides being proba-
bly the cheapest, it was  shown to provide highly precise and reliable
measurement with low variability [38]. However, laser scanners
were more often used exclusively for large centered volumes, due
to the high cost of the device [37]. Several centers have developed
custom-made techniques. Hutchinson et al. used 2D and 3D digi-
tal photography, with a small stocking cap on the infant’s head to
hold the hair down and a soft elastic headband around the maximal
occipitofrontal circumference; measurement used a custom-made
computer program [39]. Van Vlimmeren et al. used a thermoplastic
material to mold the outline of the infant’s skull; the skull shape
was then reproduced on paper for anthropometric measurement;
this method, called plagiocephalometry, proved inexpensive, reli-
able and accurate [40]. 3D digital photography is also used to assess
facial dysmorphia [41].

Several parameters should be recorded:

• head circumference: measured at the glabella, passing by the
posterior occipital protuberance (opisthocranion);

• cranial length: from glabella to opisthocranion;
• cranial width: maximal bi-parietal length;
• maximal and minimal cranial diagonal: respectively, from the

tip of the parieto-occipital bone on the unaffected side to the

tip of the contralateral frontal bossing, and from the middle of
the flattening to the tip of the contralateral frontal bone. In DP
the maximal diagonal should be on the unaffected side and the
minimal diagonal on the side of the flattening.
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osition plagiocephaly (A) and true lambdoid craniosynostosis.
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Fig. 1. Drawing representing the differences between p

Once all these parameters have been measured, several indices
hould be calculated:

cranial index (CI): ratio of head width to head length, multiplied
by 100 (CI = (width/length) × 100);
cranial vault asymmetry index (CVAI): ratio of oblique measure-
ments (CVAI = [(diagonal of the unaffected side minus diagonal of
the affected side)/diagonal of the unaffected side) × 100];
oblique cranial length ratio (OCLR): ratio of longest to shortest
oblique cranial diameter;
transcranial diagonal difference (TD): diagonal of the unaffected
side minus diagonal of the affected side.

These measurements should be compared first to age-related
orms, and secondly they should be taken regularly for a given
atient to compare individual progression [21]. For children with
hick hair, measurement error can be reduced by using a caliper
ith its tips pressed firmly against the skin [42].

The indices to be used depend on the type of deformity (DP or
B). DP is more accurately monitored by TDD and DB by CI. All the
arameters aim to contribute to diagnosis, to assess the severity
f deformation and to monitor progression of head shape during
reatment.

Using these anthropometric parameters, several classifications
f positional head deformity have been proposed. Hutchison et al.
roposed a DP classification in 3 stages according to TDD: mild
or TDD 3–10 mm,  moderate for 10–12 mm and severe for > 12 mm
39]. DP is also defined by OCLR ≥ 106% [39]. DB can be classified
n 3 stages according to CI: mild for CI 82-90%, moderate for 90-
00% and severe for > 100% [39]. Wilbrand et al. used CVAI in a
-level (mild/moderate/severe) severity categorization of DP and
B according to age and gender, based on curves of normal cra-
ial vault growth percentile during the first year of life: mild for
VAI 75th to 90th percentile, moderate for 90th to 97th, and severe
or > 97th [35].

.5. Complementary imaging

There is no need for skull imaging for diagnosis of typical DP, as
nalysis of the skull deformity coupled with interview is in most
ases sufficient. Systematic skull computed tomography scan (CT)

s thus not recommended in typical cases [15] (Fig. 2). The pediatric
opulation is vulnerable, and CT entails radiation and its conse-
uences [43,44]. The vulnerability of children comes from the fact
hat they have a long remaining life expectancy and a thinner, less
Fig. 2. Axial CT slice showing position plagiocephaly. It is no longer recommended
to use CT.

dense skull that protects the brain less against radiation. Moreover,
it may be necessary to sedate the baby, which can also lead to com-
plications. If a CT scan is needed in case of doubtful diagnosis, 3D
reconstruction may  be useful [45]. To reduce radiation levels for
children, some teams use low-dose CT that does not impair image
quality while maintaining the diagnostic contribution [46]. Plain
skull X-rays are also commonly used to confirm diagnosis when
needed [47]; but X-ray is an irradiating examination, although far
less than CT. More recently, cranial ultrasound (CUS) was described,
showing a clear hypoechoic gap in case of patent suture and obliter-
ation of the gap in case of synostosis [48]. It has thus become more
and more widely used to confirm lambdoid suture patency in DP
[49,50]. In addition to confirming diagnosis of DP, CUS can be used
to explore the severity of the deformation. Kim et al. used an ultra-
sound method to measure the occipital angle ratio (angle between
the lines projected along the lambdoid sutures of the skull), which
they reported to correlated positively with the classic anthropo-
metric variables [51].
3.6. Potential complications

Because neurodevelopment may  be retarded in children with
single suture synostosis [52,53], health care providers that manage
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the room or alternate which end of the crib the baby is placed at to
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P began to be interested in the potential implications of DP for
eurodevelopment (mental retardation, retarded motor function,

anguage, learning, etc.). In the past two decades, studies reported
etarded neurodevelopment in children with DP [16,54–56]. Miller
nd Clarren found out that children with DP were more likely to
equire special education [16]. Kordestani et al. and Pancha et al.
ound significant differences in psychomotor development and

ental developmental indices between a DP and an aged-matched
opulation [54,55]. Speltz et al. reported DP to be associated with
arly neurodevelopmental disadvantage, most clearly in motor
unction [56]. The main mechanisms for these findings were
eviewed by Collett et al. [57], who distinguished 3 possible path-
ays. The first is mechanical: the deformation of the skull leads to
eformation of the brain and impaired function. This pathway is
n extrapolation of the findings of cortical and subcortical anoma-
ies in synostotic plagiocephaly [58]. However, no evidence could
e found in the literature for DP, and the authors also showed that
he cortical and subcortical anomalies found in craniosynostosis
ere not obviously related to the shape of the skull itself [58]. No

vidence of raised intracranial pressure in DP children has been
ound [7,15,19]. The second pathway is environmental: if the child’s

ovement is too frequently restricted (over-use of car seats or
aby swings, or unvarying sleep positioning), this inexorably leads
o delay or deficits in the development of “motor-driven” cogni-
ive functions. The motor development of babies was shown to be
elated to sleep position and the amount of “tummy  time” [59].
n this hypothesis, the developmental delay is a consequence of
xcessive constraint rather than being caused by DP. The last path-
ay is developmental: central nervous system (CNS) pathologies
ay  lead to tonus disorder and DP. Whether deficiency is the cause

r the consequence of the DP remains in doubt, but it is more
ikely that developmental delay is related to the CNS pathology
tself [57]. It should be added that the retardation can be aggra-
ated by impairment of motor control, as in the second pathway.
ne very important point, made by Paquereau, is that no studies
ave explored the effect of treatment on neurocognitive and motor
ehavior [60]. Because there is no evidence of DP directly causing
eurodevelopmental delay, some authors consider DP as a purely
n aesthetic issue [61,62].

Neurodevelopment is not the only issue in DP, and other poten-
ial complications have also been studied.

Ocular motion abnormalities are well known in craniosynosto-
is, with horizontal and vertical strabismus [63]. Very few studies
ave reported ophthalmologic findings in DP. Gupta et al. found
hat the prevalence of strabismus and astigmatism in DP was com-
arable to that in the general population [64]. In a very recent study
65], none of the infants with DP had anisometropic astigmatism or
cclusion amblyopia, with 93.7% having some pseudoptosis. These
ndings differ from those of Gupta et al. regarding the rate of stra-
ismus, affecting 15.6% of patients, compared to 1% for Gupta, thus
onsiderably higher than the 2–5% prevalence reported in the gen-
ral population [66]. However, the authors considered that this
may represent referral bias due to the nature of our sub-specialty
linic or sampling error due to the size of our study population”, and
oncluded that the frequent ocular asymmetry found in DP had no
linical significance.

Orthodontic problems such as malocclusion are a major point
f interest in pediatric dentistry. Early malocclusion can lead to
rthodontic problems in the permanent dentition. DP was  studied
n this population, as it causes facial asymmetry, and higher preva-
ence than normal is reported in unilateral coronal craniosynostosis
67]. In DP, the most recent study, by Kluba et al., in 2016 [68],

eported higher prevalence of orthodontic abnormalities in chil-
ren with previous positional plagiocephaly compared to a control
roup of normal children, although none of the differences were
eurochirurgie 65 (2019) 322–329 325

significant [68]. There is thus still no scientific evidence for the
involvement of DP in orthodontic problems.

4. Management

The debate over the management of DP is still ongoing. Differ-
ent conceptions of the natural history of DP underlie the different
therapeutic options. Some authors believe that DP corrects itself
spontaneously [69], while others disagree [70].

However, because the deformation of the skull is not present or
is minimal at birth and appears during the first months of life, the
most important aspect of management is prevention, to avoid the
deformation occurring in the first place. Once the deformation is
present, it is unanimously agreed that the earlier the treatment, is
the better the result, independently of type of deformation, because
of the remodelling capacity of the growing skull [60,71].

In this section, we  review the different techniques of preven-
tion, and then the different types of management proposed in the
literature.

4.1. Prevention

The main aspect of prevention is teaching the parents good
positioning and handling and how to organize the baby’s environ-
ment so as to avoid prolonged uneven external forces on the skull.
Two studies specifically proved the usefulness of prevention in DP
[72,73]. The first was  a non-randomized trial conducted in France
[72] in which the prevalence of DP at 4 months of age was  analyzed.
One group received classic positioning advice to prevent SIDS, with-
out specific education about DP, and the second group received the
classic SIDS advice plus specific oral recommendations by a trained
pediatrician for the prevention of DP and an information booklet
on DP. This early, simple and cheap preventive measure signifi-
cantly lowered the incidence of DP in the intervention group. A few
years later, a randomized trial confirmed these findings and added
that the intervention also reduced the severity of the deformation
when present [73]. These studies are of paramount importance
because they proved that a simple inexpensive educational pro-
gram could favorably impact the incidence of DP. Prevention should
be started by pediatricians during the stay in maternity. The first
step is to draw pediatricians’ attention to this pathology and to the
preventive messages to be delivered to the parents. The written
information booklet is also essential, to help the parents adhere to
the preventive measures [74].

These preventive measures are aimed at reducing the time the
infant spends in supine position and at promoting an unhindered
environment for the child to develop spontaneous and symmetrical
motor function. The main preventive instructions are summarized
in Table 1.

4.2. Active counter-positioning, physiotherapy and osteopathy

Even with early prevention, deformation may  occur [73]. In that
case, several therapeutic options are available. The first is active
counter-positioning. The purpose is to actively prevent the baby
leaning on their affected side. To achieve this, thorough parental
guidance is needed. The parents’ adhesion to the program is essen-
tial, because they need to implement active repositioning (with the
unaffected side against the mattress) whenever the infant is lying
down (in sleep or in play), and to change the position of the crib in
sleep, so that the view of the room the baby prefers will be found
via the opposite position; the parents should do the same when
using the changing table, and likewise, instead of putting toys on
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Table 1
Preventive instructions to reduce the incidence and severity of DP.

Situation Instructions

Sleeping Supine position (to prevent SIDS)
Alternate the position of head from left
to right
Switch the side of the bed where you
put the head if something always
catches his/her attention on one side
Size of the bed should large enough to
able your baby to move/turn freely
Stimuli should be placed evenly on
both sides of the bed

Feeding Alternate the position while holding
the baby during breast-feeding
(alternate breasts) or bottle-feeding

Tummy  time Always under adult supervision
From the first day of life
Gradually increase the time from just 1
or  2 minute
At least 30–60 minutes a day

Travel Minimize time in car seat and carrier
Alternate head position while in car
seat or carrier

Day time No prolonged restriction of movement
Put stimuli on both side while playing
Be  careful to switch sides while playing
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Fig. 3. Intra-operative view of a two-year-old boy with severe plagiocephaly that
was not treated with a helmet.
with the child

oth sides, as usually recommended for preventive measures, toys
hould be placed only on the unaffected side. During feeding, par-
nts should put the unaffected side against their chest. “Tummy
ime” should be initiated, or increased if already practiced.

Apart from active counter-positioning, physiotherapy (PT) can
elp to correct positional preference and thus DP, acting mainly
n the associated torticollis. PT also contributes to the parents’
ducation, teaching stretching exercises that will loosen the ster-
ocleidomastoid and the trapezius muscle [75,76]. There used to
e no strong scientific evidence for the effectiveness of PT; how-
ver, a randomized trial by Van Vlimmeren et al. proved its efficacy
77]. They concluded that PT and parental counseling on the dif-
erent preventive and counter-positioning measures were more
ffective than parental education alone. However, it is to be noted
hat the PT program was specifically developed for this trial and
as performed by 6 experienced pediatric physical therapists spe-

ially trained in the program. It was implemented between 7 weeks
nd 6 months of age, with 8 sessions. Thus, the trial did not reflect
sual PT, which is generally performed initially by the parents
hemselves. Of course, if the torticollis or DP worsens, the parents
eed to be referred to a specialist [62,74]. It is recommended to
ractice the PT during each change of diapers: placing one hand
n the child’s upper chest and moving the head with the other
and; the first exercise consists of chin-to-shoulder rotation and
he second of ear-to-shoulder tilting. These movements should be
erformed on both sides and repeated several times. Steinberg et al.
nalyzed risk factors for failure of conservative treatment (counter-
ositioning alone or associated with PT); deformity severity (as
ssessed by the anthropometric variables), persistence of torticol-
is beyond 6 months of age, and neuromuscular developmental
elay were risk factors, in addition to age and parental compliance
78].

The last active maneuver to deal with DP is osteopathic manip-
lative treatment (OMT). Osteopaths are trained to use palpation
o identify abnormal suture mobility during the respiratory cycle,

hortening of tissue (fascia and cervical muscles) and abnormal
osition of the spine, pelvis and lower limbs. OMT  aims to mobi-

ize all the impaired structures by gentle maneuvers, to restore the
ormal balance of the body. A randomized trial comparing OMT
Fig. 4. Intra-operative view of the Lyon technique, which consists in posterior vault
remodeling in prone position.

versus sham treatment showed significant improvement in head
asymmetry and concluded that OMT  is effective in the manage-
ment of DP [79]. OMT  should be performed by trained specialist
as a complement or when active counter-positioning and PT have
failed [80].

4.3. Helmet molding therapy

The helmet uses the forces exerted by the growing brain so as
to alleviate skull deformation. This treatment seems to be effective,
although efficacy remains to be scientifically demonstrated.

4.4. Surgery
When the child is referred late with a severe deformation or
when he treatment was not effective, surgical correction may  be
proposed, as reported by Di Rocco et al., [81] and by Czorny (not
published) (Fig. 3). The indications are very strict, as this surgical
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rocedure is associated with possible life-threatening complica-
ions [82]. Generally, surgical correction is proposed after 2 years
f age [81]. Many surgical techniques have been described. Our
echnique in Lyon is a modification of the one described by
zorny. It consists in posterior vault remodeling with the patient in
rone position (Fig. 4). A parieto-occipital bone flap is performed,
hen, an osseous arc is elevated at the vertex, positioned in the
ccipital region and fixed with absorbable plates or sutures. The
ccipital bone flap is then cut and molded into two  symmetri-
al parietal bossings to build a more symmetrical posterior cranial
ault.

Results are immediate and do not require molding therapy. The
isadvantages are the need for surgery, and especially the risk of
ural tear, persisting bone defects and severe blood loss [81] such as
escribed in craniosynostosis correction. In experienced hands, the
isk of lesion of the sagittal sinus or of the torcular is low. Caution is
lso needed to control bleeding from the Pacchioni granulations,
hich can be induced by ventral positioning. Any hemorrhage

hould be controlled using Surgicel® and Cottonoid® or by ligature
f the dura matter. Surgeons should avoid aspiration, and rather
se compression with surgical cottonoid.

. Conclusions

DP is presently a major issue in the pediatric community. Pre-
ention is the keystone, to decrease incidence. Primary health-care
roviders, who  are at the forefront of parental education, must
ducate the parents from the outset.

Diagnosis of DP is clinical. Skull CT scan should be reserved for
omplex cases when diagnosis is not certain and craniosynostosis
s suspected.

Once DP is present, there are several effective means to deal
ith it. Active counter-positioning, PT and OMT  can be recom-
ended. The last two options need to be performed by well-trained

pecialists. Close follow-up is mandatory, to help the parents and
o improve treatment adherence. Pediatricians also need to know
hen to refer the child to a neurosurgeon if progression is not

atisfactory. Helmet molding therapy is recommended for severe
eformations and when the various non-instrumental therapies
ave failed; nevertheless, it should be started early, ideally before 6
onths of age, to have maximum effectiveness. Conversely, surgery

hould be reserved for extremely deformed cases with severe aes-
hetic impact.
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