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Introduction

In 1992, the American Academy of Pediatrics began to recommend supine
sleeping for infants to reduce the incidence of Sudden Infant Death
Syndrome (SIDS), and in 1994, the “Back to Sleep” campaign began. This
campaign is credited with reducing the incidence of SIDS by over 50
percent.*?> However, increased incidence of cranial deformities has been
an unanticipated consequence of this change in sleep position. Recent
studies estimate the incidence of cranial deformation, also referred to as
“flat head syndrome,” is as high as 46 percent in otherwise healthy infants.?
Cranial deformation results from pressure on the head during its most
rapid period of growth.

Mechanics of Cranial Deformation

As the brain grows at a rapid pace in early development, the cranial bones
are pushed outward, similar to filling a balloon with water. When external
force (such as a laying on a flat surface) limits expansion in a particular
area, growth will continue in the areas of least resistance. However, unlike
the soft surface of a water balloon that reverts to a round shape when
external force is removed, the firm bones of the cranium retain deformation.
The process of deformation occurs over time and is caused by restriction
of growth.

Sample of Plagiocephaly (Misshapen Head)
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OVERVIEW OF

PLAGIOCEPHALY

Variations of Cranial Deformity

Head shape is commonly described using terms of latin origin. The four
shapes described below are the most common abnormal head shapes

a pediatrician will see. These four abnormal head shapes can be caused
by either mechanical cranial deformation or by craniosynostosis, a
condition caused by premature closure of a cranial suture (growth plate).
Craniosynostosis is a pathologic process and usually requires surgery;
therefore, it is important to differentiate the two phenomena.

Plagiocephaly

The term plagiocephaly describes an asymmetric
head. This can be predominantly anterior (forehead
flattening) or posterior (occipital flattening).
Posterior deformational plagiocephaly is the most
common abnormal head shape a pediatrician will
see. Flattening is accompanied by anterior dis-
placement of the ear, forehead, and in severe
cases, the orbit and cheek.

Brachycephaly

Brachycephaly describes a short, wide head. The
occiput flattens and there is bilateral widening in

the temporo-parietal regions. In deformational
brachycephaly, there is often bulging above the ears.

Asymmetric brachycephaly

Asymmetric brachycephaly is the combination of
plagiocephaly and brachycephaly. It is characterized
by asymmetric occipital flattening accompanied by
bilateral parietal widening.

Scaphocephaly

Scaphocephaly (also known as “dolichocephaly”)
is characterized by flattening of the sides of the
head and elongation from anterior to posterior.
Deformational scaphocephaly is most often seen
in premature infants.

¢
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CRANIOSYNOSTOSIS Vs.

CRANIAL DEFORMATION

Differentiating Craniosynostosis
from Cranial Deformation

Premature closure of the cranial sutures, Metopic Anterior
or growth plates, is called craniosynosto- suture ey fontanclle
sis. Early closure limits bone growth
perpendicular to the suture, causing Sagittal / \/
growth restriction and abnormal head suture

. . . Coronal
shape. Craniosynostosis is rare, with an :\ sutlres

incidence of 1/2,100-1/3,225 infants.*® ,

Each form of craniosynostosis is associ-

ated with a characteristic head shape that Posterior\ ]
can usually be differentiated from fontanelle ————
deformation by physical examination. The Eﬂtmu?éjsdd
differences between deformational head

shape changes and craniosynostosis are detailed below. Further

details may be found in the article by Dr. Gary F. Rogers titled, “Deforma-
tional Plagiocephaly, Brachycephaly, and Scaphocephaly Part 1:
Terminology, Diagnosis, and Etiopathogenesis.”® If cranioynostosis is
suspected, prompt referral to a craniofacial plastic surgeon or neurosur-
geon is indicated.

Sagittal synostosis (synostotic scaphocephaly)

As the most common form of craniosynostosis,”
sagittal synostosis can be differentiated from
deformational scaphocephaly common in prema-
/ ture infants by its characteristic forehead and low
4 occipital bossing and the more severe degree of
cranial narrowing.

Unilateral coronal synostosis
(anterior plagiocephaly)

Unilateral coronal synostosis is the second most
common form of craniosynostosis. The forehead
is flat on the affected side, the orbit is shallow

and drawn upward, and the nasal root deviates
away from the affected side. With infants routinely
sleeping on their backs, deformational anterior
plagiocephaly is rare.
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Bilateral coronal synostosis
(synostotic brachycephaly)

Bilateral coronal synostosis is usually associated
with syndromes, such as Apert Syndrome or Crouzon
syndrome. The brachycephaly associated with
bilateral coronal synostosis can be differentiated
from common deformational brachycephaly by the
severe degree of widening, compensatory vertical
growth (“turricephaly”), and sometimes, the presence
of syndromic features.

Metopic synostosis (trigonocephaly)

The metopic suture is the only suture to close in
infancy or childhood. Metopic synostosis causes

a protruberant forehead with recessed lateral orbital
rims, hypotelorism, and bilateral parietal fullness.
There is no deformational equivalent for
trigonocephaly.

Lambdoid synostosis (posterior plagiocephaly)

This rare form of craniosynostosis can be mistaken
for its very common deformational equivalent.
However, the two causes of posterior plagiocephaly
have different clinic features. From the vertex view,
a patient with lambdoid synostosis has a trapezoid
shaped head. The occiput is flat on the affected
side, and there is contralateral occipital and forehead
bossing. The ear shifts posteriorly, toward the
affected suture, and there is prominence of the
mastoid. Conversely, a patient with deformational
plagiocephaly has a parallelogram shaped head. The
occiput is flat on the affected side, the ear moves
anteriorly, away from the affected area, and there is
ipsilateral forehead bossing.
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RISK FACTORS

AND PREVENTION

Risk Factors for Deformational Plagiocephaly

Understanding risk factors for deformational plagiocephaly is essential for
prevention, diagnosis, and treatment. While supine sleeping is often
blamed for causing cranial deformation, multiple risk factors are usually
present in infants with plagiocephaly.

Risk factorsinclude: &°

» multiple gestation CDC Growth Charts: United States

- premature birth T ‘ T ‘

+ developmental delay ' Head circumt for-age percentiles: | |
« first-born status e Wi i 36 Mo "l
« male gender * L)

« torticollis

 restricted movement while
supine (such as in a carseat,
swing, or Rock 'n Play)

\\
\

o
\ \\ W\

Because torticollis
(sternocleidomastoid muscle
imbalance) is a strong risk
factor for deformational
plagiocephaly, primary

providers should ask whether L
or not the infant has a head I
positional preference during R e s e ——

the first well-baby visit.

A preferred head position,

or difference in cervical

rotation may be a sign of

torticollis. Even in the absence of limited cervical rotation, positional
preference is often associated with deformational plagiocephaly.
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Prevention and Treatment
of Deformational Plagiocephaly

Given that cranial growth is necessary for shape deformation, growth is
also needed to correct head shape. The growth rate of an infant’'s head is
most rapid at birth, continuing through the first few months of life. By
three months of age, the cranial growth rate declines and does so pro-
gressively over the first years of life. Standard CDC head circumference
growth charts demonstrate the rate of change. Because correction relies
on cranial growth, shape is most expeditiously and effectively corrected
during periods of rapid growth early in life, regardless of the treatment
modality employed.

Prevention

Measures to prevent cranial deformation should be employed immediately
after birth and have been shown to reduce the rate of plagiocephaly by
over half°. When possible, pressure on the back of the head should be
avoided, such as by carrying baby facing toward the parent or by doing
“tummy time.” For infants old enough, supported sitting, such asin a
Bumbo® Seat, avoids pressure on the head. When supine position is
necessary, such as during sleeping, unhindered movement should be
encouraged. This includes avoiding prolonged time in carseat, baby swing,
and other carriers. In addition, alter position of items of interest frequently,
such as by rotating toys from side to side or by alternating direction in the
crib. It is important to establish a habit of parental involvement early.

Use of a contoured sleep surface may help prevent plagiocephaly.
Numerous products are on the market, ranging from donut pillows to
wedges to carseat inlays. Data on the effectiveness of these products is
lacking, and items like donut pillows
may pose a suffocation risk when used
in the crib. For infants with multiple
risk factors for plagiocephaly, the
PlagioCradle™ may be considered for
prevention. The PlagioCradle

is a modified foam sleep surface
contoured for the infant’s body and
head that relieves pressure on the
occiput while in the supine position.
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PLAGIOCEPHALY

TREATMENT

Guided repositioning

While deformational plagiocephaly is increasingly more common, most
cases are mild and can be treated with repositioning. Repositioning
focuses on many of the same strategies described above for prevention of
plagiocephaly. In addition, strategies to help eliminate neck rotational
preference and direct pressure to the prominent side of the occiput are
used to help direct growth. These maneuvers include tucking a small
towel under baby’s back and shoulder while restrained in a carseat and
altering feeding position. For infants with torticollis, physical therapy
should be used in conjunction with repositioning. A guide for reposition-
ing can be downloaded from the NOPCO website.

PlagioCradle

In partnership with Boston Chil-
dren’s Hospital, Boston Brace
developed the PlagioCradle, an
alternative sleep surface, custom fit
to each patient using layers of foam.
The concept of cradle treatment is
based on the notion that if an
infant’s maturing head deforms
against a flat surface, then a
concave surface would enable the head to grow in a normal, rounded
fashion. This foam is dense enough to maintain its form under the weight
of the infant, yet is soft enough to remain comfortable during long hours
of use. The infant’s head rests in a concave space allowing unrestricted
occipital growth. The neck is supported in an anatomically correct
position by a semi-circular shape in the foam layers.

The PlagioCradle works best when started in the first two months of life.
It is used for a minimum of 12 hours each day, or whenever the infant is
supine. Once an infant is able to roll over (usually around three to four
months of age), cradle therapy is discontinued. At this age, if needed, the
patient is then able to begin helmeting as a means of correcting their
cranial asymmetry.

The PlagioCradle has been shown to be effective for treatment of defor-
mational plagiocephaly.!*!* The PlagioCradle is effective for treatment of
plagiocephaly and there is growing data to support its use for scapho-
cephaly. Because the cradle can promote widening of the head, it is not
recommended for brachycephaly.
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Orthotic helmet therapy (Boston Band)

Numerous studies demonstrate effectiveness of
orthotic helmeting for treatment of deformational
plagiocephaly.’>*31415 An orthotic helmet works by
restricting further asymmetric growth, guiding the
flattened areas to grow into the empty space of
the helmet. The orthotic device is made of
lightweight foam that is cut away in layers as the head grows. Helmets are
custom made using cranial laser-scans taken during initial clinical visits.
Helmets fit loosely and work by passively directing growth, rather than
actively pushing on the cranium. Helmets are worn at all times, including
sleep (@ minimum of 23 hours/day), and are well-tolerated by most patients.
The duration of helmet therapy at our center is typically 3—5 months.

Because the head grows fastest early in life, the sooner helmet therapy
begins, the faster the rate of correction. Orthotic helmeting is usually started
at 4 months of age or older, but may be considered as early as 3 months of
age in select cases. Maximum improvement is achieved when started by 6-7
months of age,’* but good results are achieved within the first year of life.
While improvement in cranial shape using orthotic helmeting has been
documented in patients as old as 18 months,** the rate of change will be
slower and the degree of correction achieved smaller. In addition, our
experience has been that older patients do not tolerate wearing the helmet as
well as younger patients, making lengthy periods of helmeting challenging.
For that reason, we recommend starting helmet therapy early.
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CLINICAL

OUTCOME

NOPCO Clinical Outcome Data

Approximately 500 patients with abnormal head shape are treated at
Boston-area NOPCO clinics annually. Clinical outcomes are regularly
reviewed to ensure consistent quality care. Below are treatment outcomes
for NOPCO patients with deformational plagiocephaly and brachycephaly,
who completed treatment between January and May, 2013. Correction

of plagiocephaly is measured using the Cranial Vault Asymmetry Index
(CVAI), the percent difference between the diagonal dimensions of the
head.’® Brachycephaly is measured using the Cranial Ratio (CR), the width
to length ratio of the head.”

Diagonal A Diagonal B

(A-B) X 100
AorB
(whichever is greater)

CVAI =

PlagioCradle

Thirty-five patients completed treatment with the PlagioCradle for
deformational plagiocephaly. The mean treatment duration was 7.8 weeks,
ending when the patient is able to roll out of the cradle. On average,
patients started with a moderate degree of asymmetry and measured at
the low end of mild asymmetry at the end of treatment. Note the slight
widening of the head (Cl) with cradle use, making the cradle inappropriate
for treatment of brachycephaly.

Mean Characteristics and Treatment Outcomes for Patients with
Plagiocephaly Treated with the PlagioCradle (January—May, 2013)

Patients Treatment Initial Discharge Initial Discharge
(n) Duration (weeks) Cl (%) Cl (%) CVAI (%) CVAI (%)
35 78 78 4.0

883 90.1 } /
(normal) (normal) (moderate) (mild)
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Orthotic Helmet Therapy (Boston Band)

Two hundred and eighteen patients completed helmet therapy for
plagiocephaly, brachycephaly, and asymmetric brachycephaly. On
average, therapy was initiated at 6.5 months of age, with average
duration in the helmet ranging from 12.1-14.7 weeks. On average,
patients started with a moderate degree of deformity and measured
at the upper limit of normal at the end of treatment.

Mean Characteristics and Treatment Outcomes
for Patients Treated with the Boston Band (January—May, 2013)

Patients Age at Treatment Initial Discharge Initial CVAI Discharge
(n) Fitting Duration Cl (%) Cl (%) V4] CVAI (%)

(Months) (weeks)

112 6.7 123 - - 77 35
(moderate) (normal)
30 6.5 121 983 92.7 - -
(moderate) (normal)
76 6.4 14.7 96.9 921 73 25
(moderate) (normal) (moderate) (normal)
Plagiocephaly
Brachycephaly

Asymmetric brachycephaly
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LOCATIONS

NOPCO locations

Massachusetts New Hampshire

NOPCO of Boston Children’s Hospital NOPCO of Exeter

300 Longwood Avenue 1 Hampton Road, Suite 106A
Boston, MA 02115 Exeter, NH 03833
617-355-6887 603-772-2388

NOPCO of Boston Children’s at Waltham NOPCO of Somersworth

9 Hope Avenue, Suite 200 224 Route 108, Unit A
Waltham, MA 02453 Somersworth, NH 03878
781-216-1390 603-343-2063

NOPCO of Boston Longwood Medical
431 Brookline Avenue

Boston, MA 02215

617-975-3854

NOPCO of Burlington
50 Mall Road, Suite G-10
Burlington, MA 01803
781-270-3650

NOPCO of Lawrence

25 Marston Street, Suite 201
Lawrence, MA 01841
978-688-7900

NOPCO of Weymouth, Stetson Building
541 Main Street, Suite 214

Weymouth, MA 02190

781-849-0247
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New Jersey

NOPCO of Neptune

3700 Route 33, Suite LLO2
Neptune, NJ 07753
732-481-4500

NOPCO of New Jersey
585 Cranbury Road, Suite B
East Brunswick, NJ 08816
732-651-1223

NOPCO of New Jersey Children’s
Specialized Hospital

150 New Providence Road
Mountainside, NJ 07092
908-233-3720 ext. 5299

NOPCO of Voorhees

200 Bowman Drive, Suite D279
Voorhees, NJ 08043
856-258-6712

Pennsylvania

NOPCO of Pennsylvania
3550 Market Street
Philadelphia, PA 19104
215-590-7702

NOPCO of Pennsylvania
Children’s Seashore House
3405 Civic Center Blvd.
Philadelphia, PA 19104
215-590-7702

Boston Children’s locations

Boston Children’s Hospital
300 Longwood Avenue
Boston, MA 02115
617-355-7252

Boston Children’s at Waltham
9 Hope Avenue

Waltham, MA 02453
781-216-2100

Boston Children’s Physicians
at Weymouth

The Stetson Building

541 Main Street

Weymouth, MA 02190
781-216-3800
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