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Deformational plagiocephaly, cranial asymmetry
secondary to positioning, continues to be a leading
cause of head shape abnormalities in infants. Treat-
ment recommendations include nonintervention,
positioning therapies, and helmet therapy. Al-
though most agree that surgical intervention is
rarely indicated, the ideal therapy is not agreed on.
Some even debate the necessity of treatment, espe-
cially third-party payers. The purpose of this pro-
spective study is to use an objective outcome analy-
sis tool, computerized tomography, to assess the
efficacy of a soft shell helmet therapy. Sixty-nine
children with a diagnosis of deformational plagio-
cephaly were enrolled in this study to assess the
success of a soft shell helmet for the correction of
cranial asymmetry. Computed tomography scan-
ning was done before therapy and 6 months after
the initiation of therapy. Three-dimensional recon-
structions of these scans were reformatted into a
standardized orientation by utilizing the nasion
(radix), frontozygomatic suture lines, and posterior
aspect of the foramen magnum. Intracranial vol-
umes were calculated on a quadrant basis, and
asymmetry was evaluated with regard to the hemi-
spheres (left versus right) and the posterior quad-
rants. Thirty-four children (27 boys and 7 girls)
completed the study protocol. The side involved
was the right in 62% of cases and the left in 38%.
Mean age at the initial scan was 6.3 months, and
mean age at the follow-up scan was 14 months.
Mean duration of helmet therapy was 7 months.

Compliance with therapy was average to above av-
erage in 88% of the children and poor in 12%. There
was a 36% to 54% improvement in asymmetry in
the compliant patients over the 6-month study pe-
riod. Soft shell helmet therapy is an effective tech-
nique to decrease cranial asymmetry based on ob-
jective outcome measurements. Additionally, it is
cost-effective, with the total cost of therapy for the
helmet and office visits ranging from $600 to $700.
This therapy compares favorably with other more
expensive and time-consuming therapies that have
been reported in the literature.
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Over the past decade, deformational pla-
giocephaly, cranial asymmetry secondary
to positioning, has become one of the
leading diagnoses of head shape abnor-

malities in infants. This increased incidence as docu-
mented by craniofacial centers throughout the
United States1-8 has been correlated with the imple-
mentation of the “Back to Sleep Campaign” by the
American Academy of Pediatricians in 1992.9 To
date, there are still controversial aspects associated
with deformational plagiocephaly, and the topic has
entered the (popular/lay) press.10 The incidence of
asymmetrical occipital flattening was initially esti-
mated to be 1 of every 300 live births before the Back
to Sleep Campaign,11,12 with more recent studies
now estimating the prevalence to be between 1 of 68
and 1 of 72 live births.13

There are three primary options for treatment of
deformational plagiocephaly: observation and repo-
sitioning, external orthotic/helmet therapy, and sur-
gery. Although most craniofacial surgeons would
agree that surgery is almost never warranted, con-
troversy remains concerning other available treat-
ment options. As the costs associated with nonsurgi-
cal treatment continue to escalate, the efficacy,
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validity, and necessity of such treatment have been
called into question, particularly by third-party in-
surance payers.4,7,10 Aspects of the immediate and
long-term impact of deformational plagiocephaly
have recently been documented in the literature. Of
note, untreated deformational plagiocephaly does
not correct on its own, and craniofacial asymmetry is
retained into adulthood.5,14–16 This retained asym-
metry of the face and skull base17 can cause those
affected by deformational plagiocephaly to be per-
ceived as abnormal by their peers.11 In addition to
the psychosocial and appearance implications, the
literature is replete with examples of developmental
and health problems associated with untreated de-
formational plagiocephaly. These aspects include an
increased need for special education when compared
with siblings18; a delay in psychological and motor
development1,18; and an increased incidence of cere-
bral dysfunction,18 strabismus,11,18 orthodontic dis-
orders,11 and otitis media.

Furthermore, there is controversy with regard to
assessing efficacy of treatments currently in use for
deformational plagiocephaly. As stated by Loveday
and de Chalain,2 there is no standard tool for quan-
titative assessment of treatment progress or efficacy
for deformational plagiocephaly described in the lit-
erature. There are many types of measurements, both
subjective and objective, that have been used to as-
sess the degree of asymmetry as well as the efficacy
of treatment of deformational plagiocephaly. These
include anthropometric measurements4,11,15,17,19;
clinical experience15; clinical exam (Table 1); parental
judgment, assessment, and rate of satisfaction20-23;
head tracings2; and a combination of measurement
techniques. The most popular method of evaluating
treatment efficacy and progress is through external
anthropomorphic measurements, and various mea-
surement techniques have been described in the lit-
erature, some of which require more than 14 differ-
ent measurements at each clinical encounter.19 Most
anthropometric measurements are performed using

a caliper device that requires careful precision. In
fact, the asymmetry between measurements is usu-
ally a matter of millimeters.15,17,19 This type of mea-
surement method is susceptible to interobserver
variability and decreased compliance by infants who
are averse to having their heads measured and, con-
sequently, do not readily remain still.2,11 The preva-
lence of such subjective or difficult-to-reproduce
measurements emphasizes the importance of obtain-
ing a truly objective method of measuring efficacy of
treatment.

The purpose of this prospective study is to use
an objective outcome analysis tool, computerized to-
mography (CT), to assess the efficacy of a soft shell
helmet therapy. The treatment modality assessed in
this study is the soft shell helmet currently used by
the North Carolina Center for Cleft and Craniofacial
Deformities at the Wake Forest University Medical
Center.

MATERIALS AND METHODS

Sixty-nine children with a diagnosis of deforma-
tional plagiocephaly who presented to the North

Carolina Center for Cleft and Craniofacial Deformi-
ties at Wake Forest University Medical Center be-
tween the years 1996 and 2000 were enrolled in the
study. Patients were followed until the age of 18
months and then released to the care of their pedia-
tricians. Computed tomography scanning was ob-
tained before therapy and just before discontinuing
the helmet therapy. The three-dimensional recon-
structions of cranial CT scans were reformatted into
a standardized orientation using Analyze software
(Mayo Clinic, Rochester, MN) (Figs 1–4). Determina-
tion of standardized orientation was accomplished
by utilizing the nasion, frontozygomatic suture lines,
anterior aspect of the foramen magnum, and
posterior aspect of the foramen magnum. A transfor-
mation matrix was computed and applied so that the

Table 1. Positional Plagocephaly Clinical Grading Scale

Clinical Finding Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Grade 6

(A, B, C)*

Posterior asymmetry Present Present Present Present Present Present

Ear malposition Absent Present Present Present Present Present

Frontal asymmetry Absent Absent Present Present Present Present

Facial asymmetry Absent Absent Absent Present Present Present

Temporal bossing or posterior vertical cranial growth Absent Absent Absent Absent Present Present

Central bilateral plagioephaly Absent Absent Absent Absent Absent Present

*A = flatness of confluence of lambdoid sagittal suture; B = flatness extending to mastoids influencing displacement of ear; C = vertical cranial growth or
lateral cranial bulging.
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x and z coordinates of the nasion and posterior as-
pect of the foramen magnum were aligned to correct
for flexion, extension, and axial rotation. The z coor-
dinates of the frontozygomatic suture lines were then

aligned to correct for lateral flexion. The transaxial
center of the skull, defined to be the x coordinate of
the posterior aspect of the foramen magnum and the
y coordinate of the anterior aspect of the foramen
magnum, was then translated to the center of the
image volume.

Once the three-dimensional scans were refor-

Fig 1 Soft shell helmet with external bump used for the
treatment of deformational plagiocephaly.

Fig 2 (A) Three-dimensional computed tomography (CT)
scan before being reformatted into standardized orienta-
tion. (B) Three-dimensional CT scan after being reformat-
ted and placed into standardized orientation.
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matted into a standardized orientation, intracra-
nial volumes were calculated. The intracranial
boundary of the skull was determined auto-
matically using thresholding. Additionally, some
manual definition was used where there was incon-
tinuity of the skull, such as the presence of an open
suture or fontanelle. Intracranial volumes were
calculated on a quadrant basis, and asymmetry
was analyzed with regard to the hemispheres (left
versus right) and the posterior quadrants. Statistical
analysis of the data was performed using a paired
t test.

RESULTS

Thirty-four of the initial 69 patients completed the
study protocol. There were 27 male infants (79%)

and 7 female infants (21%). This increased preva-
lence among male infants is consistent with other
case series and patient populations, which report a

Fig 3 (A) A second three-dimensional computed tomog-
raphy (CT) scan before being reformatted into standard-
ized orientation. (B) A second three-dimensional CT scan
after being reformatted and placed into standardized ori-
entation.

Fig 4 (A) A reformatted computed tomography (CT) scan
before treatment. (B) A reformatted CT scan after helmet
therapy. (C) A reformatted CT scan after treatment with
determination of posterior quadrant volume.
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male predominance of 60% to 70%.13,17-19,21 The de-
formational plagiocephaly was more commonly on
the right than on the left (62% versus 38%) and is
consistent with that reported in the litera-
ture.5,6,8,13,16–19,21,22 The mean age at the initial CT
scan was 6.3 months, and the mean age at the follow-
up scan after treatment was 14 months. The mean
duration of soft shell helmet therapy was 7 months.
The helmet was worn continuously during the first
12 weeks of treatment and thereafter was worn dur-

ing sleeping only. Of the 34 children who completed
the study protocol, 30 (88%) were considered to have
average to above average compliance with therapy.
Compliance with therapy was determined by a com-
bination of clinical evaluation, physical examination,
helmet assessment, and conversations with parents
during regular clinic visits (Table 2). There were no
complications associated with the helmet therapy
throughout the entire study.

Efficacy of treatment was measured according to
percent decrease asymmetry. This was calculated on
a volumetric basis, comparing three-dimensional re-
constructions of cranial CT scans before and after
treatment, and analyzed with regard to the hemi-
spheres and posterior quadrants. For children who
were compliant with treatment, intracranial volume
asymmetry was decreased by 39.1% and 36.2% for
the hemispheres and posterior quadrants, respec-

Fig 5 (A-C) Patient before helmet therapy. (D-F) Patient 6 months after helmet therapy.

Table 2. Compliance Rating

Wears all the time as instructed Excellent

Wears 75% of time as instructed Good

Wears 50% of time as instructed Fair

Wears 25% of time as instructed Poor

Wears 0% of time as instructed Poor

OBJECTIVE OUTCOME ANALYSIS OF SOFT SHELL HELMET THERAPY / Bruner et al

647



tively. Statistical analysis was performed using a
paired t test. For the hemispheres (left versus right),
P < 0.001. For the posterior quadrants (back left ver-
sus back right), P < 0.001. The P value for the front
quadrants was not significant at 0.357.

As the amount of correction required to achieve
a “normal” level of skull symmetry is adjusted, the
results achieved using soft shell helmet therapy vary
correspondingly. When the normal symmetry level
is adjusted from 100% to 97%, the percent decrease of
asymmetry ranges from 39.1% to 54.2% for the hemi-
spheres and from 36.2% to 42.3% for the posterior
quadrants, respectively.

DISCUSSION

The results of the study corroborate the efficacy of
soft shell helmet therapy as an effective tech-

nique to decrease cranial asymmetry associated with
deformational plagiocephaly (Figs 5–7). Our results

are based on an objective outcome measurement, in-
tracranial volumes derived from three-dimensional
CT scans reformatted into a standardized orienta-
tion. Furthermore, this is the first measurement tech-
nique that uses intracranial volumes to assess effi-
cacy of treatment of deformational plagiocephaly.
Although the results obtained from this study are
comparable to those of other studies reported in the
literature, it is possible that a three-dimensional
volumetric correction equates to a significantly
greater clinical improvement, and thus may not fully
represent the overall clinical improvement.

The technique used in this study is completely
independent of observer bias or patient compliance
with obtaining measurements. Other measurement
techniques described in the literature, such as an-
thropometric measurements, head tracings, clinical
experience, and parental assessment, are observer
dependent and potentially introduce a subjective
component to the measurement process. By eliminat-

Fig 6 (A-C) Patient before helmet therapy. (D–F) Patient 6 months after helmet therapy.
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ing any subjectivity from the measurement process,
CT scanning could be considered a more accurate
technique for the assessment of efficacy of treatment.
Although serial application of this measurement
technique would expose infants to significant radia-
tion exposure, and thus would not be recommended
as a standard part of patient follow-up, the technique
of using intracranial volumetric measurements is
ideal to validate efficacy of soft shell helmet therapy.

There are numerous orthotic devices available
for the treatment of deformational plagiocephaly.
Several require infants to be followed in clinic on a
frequent basis throughout the course of treatment.
Soft shell helmet therapy does not necessitate fre-
quent clinical visits and is a noninvasive technique
that is well tolerated by infants. Additionally, it is
cost-effective and economical, with the total cost of
therapy ranging from $600 to $700. This therapy
compares favorably with other more expensive and
time-consuming therapies that have been reported in
the literature.

CONCLUSIONS

The soft shell helmet therapy used by the North
Carolina Center for Cleft and Craniofacial Defor-

mities at the Wake Forest University Medical Center
is an effective treatment of deformational plagio-
cephaly.

The objective method of quantifying efficacy of
treatment used in this study validates this therapeu-
tic modality for the treatment of deformational pla-
giocephaly.

The quantifiable decrease in intracranial volume
asymmetry achieved with the use of soft shell helmet
therapy compares favorably with other more expen-
sive and time-consuming therapies that have been
reported in the literature.

As a validated treatment modality for deforma-
tional plagiocephaly, insurance companies and third-
party payers should appropriately increase their
reimbursement rates for the treatment of deforma-
tional plagiocephaly by health care professionals.

Fig 7 (A-C) Patient before helmet therapy. (D-F) Patient 6 months after helmet therapy.
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