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Abstract

Objectives: The Dynamic Orthotic Cranioplasty (DOC)
Band™ is a cranial orthosis used to treat deformational
plagiocephaly. The ability of this device to redirect
growth and thus, improve craniofacial asymmetry has
raised concerns regarding the potential restriction of cra-
nial growth. The purpose of this study was to evaluate
the growth of the head during correction of plagiocepha-
ly. Methods: The study sample consisted of 190 children:
81 females (42.6%) and 109 males (57.4%) All patients
had been diagnosed with nonsynostotic plagiocephaly,
did not have other significant medical conditions, were
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compliant with DOC protocol, and had complete anthro-
pometric measurements at entrance and exit from treat-
ment. Growth of the head was evaluated using head cir-
cumference, maximum cranial width and maximum cra-
nial length. Correction of plagiocephaly was evaluated
by documenting the reduction of craniofacial asymmetry
of the cranial vault, skull base and face. Paired t tests
were used to assess the significance of changes in these
anthropometric measurements. Differences were con-
sidered significant if p < 0.05. Results: Average entrance
age was 6.5 months with a mean treatment time of 4.1
months. Statistical analysis demonstrated highly signifi-
cant reductions in asymmetry in all three regions (p <
0.001). More importantly, these corrections were
achieved with synchronous growth of the skull as dem-
onstrated by highly significant increases (p < 0.001) in
head circumference, maximum cranial width and maxi-
mum cranial length. Conclusions: These findings docu-
ment statistically significant increases in cranial growth
in association with concomitant reductions of the cranial
asymmetries associated with deformational plagioce-

phaly.
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Introduction

In 1992, the American Academy of Pediatrics [1] pub-
lished the results of a multi-national investigation that
suggested a relationship between infant sleeping position
and the frequency of sudden infant death syndrome
(SIDS). In that report, the Academy recommended that
infants be positioned to sleep either on their backs or sides
to reduce the risk of SIDS. Subsequently, the Public
Health Service initiated the ‘Back To Sleep Campaign’,
which advocated the back or side sleeping of infants [2].

Since the publication of the Public Heath Service
report, craniofacial centers around the country have ob-
served an increase in the number of children presenting
with abnormal head shapes [3-5]. The majority of these
new cases fall under the classification of deformational
plagiocephaly. Deformational plagiocephaly refers to an
asymmetrical condition of the head arising from extrinsic
molding rather than intrinsic synostotic events. The con-
dition is primarily characterized by right or left occipital
flattening, with advancement of the ipsilateral ear and
prominence of the ipsilateral frontal region.

Clinical management of deformational plagiocephaly
has varied greatly [6-9]. Our treatment protocol involves
nonsurgical management using Dynamic Orthotic Cran-
ioplasty™ (DOC). The orthosis is described in detail else-
where [10, 11]. In brief, the device applies a mild,
dynamic pressure to the prominent regions of the skull —
constraining growth in those areas, thereby encouraging
growth in the flattened regions. The magnitude of the cra-
nial remodeling is directly proportional to the growth of
the infant’s skull. Periods of rapid cranial growth have the
greatest potential for remodeling because during periods
of growth, the skull is more disposed to the effects of
external molding,.

The effectiveness of this treatment is well documented
[11-13]. However, the ability of the DOC Band to redirect
growth and thus improve craniofacial asymmetry has
raised concerns regarding the potential restriction of crani-
al growth [14, 15, Schroeder MA, FDA, pers. commun.].
This study was undertaken to address these concerns.

Materials and Methods

Since its inception, the DOC treatment program has included
routine weekly or biweekly clinic follow-up for monitoring treatment
progress and for adjusting the orthosis. By 1993, we had established
an anthropometric protocol to assist us in assessing and monitoring
changes in craniofacial asymmetry. The anthropometric measure-
ments were obtained by an experienced anthropologist using spread-
ing and sliding calipers, and a linen measuring tape. The assessment
includes a series of measurements that define the symmetry or asym-
metry of the cranial vault, skull base and upper face [16—18] as well as
document the growth of the cranium including circumference, crani-
al breadth and cranial length. The anthropometric data, along with
clinical notes and a detailed medical and treatment history were
entered into a spreadsheet for storage and analysis.

The subjects for study were retrieved from a pool of 477 nonsyn-
dromic, nonsynostotic patients treated for deformational plagioce-
phaly from 1993 through 1995. Only those children meeting the fol-
lowing four criteria were selected for additional analysis: (1) com-
pliant with the DOC treatment protocol; (2) entered treatment prior
to 1 year of age; (3) complete set of anthropometric measurements at
entrance into and exit from the program, and (4) anthropometric
measurements were obtained by a single anthropologist.

By including only patients who had been compliant and who had
entered treatment prior to 1 year of age and by excluding patients
with synostosis or other congenital/medical conditions, we ensured
that all subjects in the study had some potential for correction and
growth, and that presence or absence of growth occurred in conjunc-
tion with treatment.

Correction of asymmetry was expressed as pretreatment measure
minus post-treatment measure. Thus, a positive difference reflected
a mean correction. Growth of the head was evaluated using head cir-
cumference, maximum cranial breadth and maximum cranial
length. Growth was expressed as posttreatment measure minus the
pretreatment measure. In this manner, a positive difference demon-
strated growth of the head. Paired t tests were used to evaluate the
significance of changes in anthropometric measurements. All statisti-
cal analyses were performed using SAS. [19] Differences were consid-
ered significant if p < 0.05.

Results

The study sample consisted of 190 children meeting
the inclusion criteria: 81 females (42.6%) and 109 males
(57.4%). All patients presented with significant cranial
vault asymmetry (CVA) with 180 (94.7%) also demon-
strating concurrent skull base (SBA) and orbitotragial

Table 1. Reduction of asymmetries g
Parameter Entrance, mm = Exit, mm Increase, mm T Prob. > T|
(mean £ 8D) (mean * SD) (mean + SD)
CVA 8.23.7) 329 5.13.2) 22.0 0.001
SBA 5.8(2.9) 3.12.1) 2724 14.9 0.001
OTDA 432.2) 2.4(1.6) 1.9(1.8) 14.3 0.001
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Fig. 1. Head circumference. Head circum-
ference is plotted against age at measure-
ment. The plots are overlaid with data from
age- and gender-specific norms provided by
Dekaban [20] showing means and = 2 SD.
Norms are represented by connected data
points; patient data by individual data
points. a Plot of entrance and exit head cir-
cumference measurements of 109 male pa-
tients. b Plot of entrance and exit head cir-
cumference measurements of 81 female pa-
tients.

depth (OTDA) asymmetries. Mean age at the start of
treatment was 6.5 (*1.9) months (range 2.8-11.3
months) with an average treatment time of 4.1 (£2.1)

months (range 1.3-13.0 months).
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Mean pre- and posttreatment measures of asymmetry
as well as the mean reductions in asymmetry are present-
ed in table 1. Mean CVA was reduced by 5.1 mm (8.2 to
3.2 mm), mean SBA decreased by 2.7 mm (5.8 to 3.1 mm)
and mean OTDA was reduced by 1.9 mm (4.3 to 2.4 mm)
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Fig. 2. Cranial breadth. Cranial breadth is
plotted against age at measurement. The
plots are overlaid with data from age- and
gender-specific norms provided by Dekaban
[20] showing means and = 2 SD. Norms are
represented by connected data points; pa-
tient data by individual data points. a Plot of
entrance and exit cranial breadth measure-
ments of 109 male patients. b Plot of en-
trance and exit cranial breadth measure-
ments of 81 female patients.

following orthotic management. Statistical analyses based
on paired comparison of pre- to posttreatment measure-
ments (paired t tests) demonstrated highly significant
reductions in asymmetry in all three regions (p < 0.001).

140

130

120

110

100

90

80

RN RN

70

I
3

FrT T T T T T T T T T T P T T T T T T T T Td

TTT
6 7 8 9 10 11 12 13 14 15 16 17 18
Age at measurement (months)

T 1T
4 b

150

140

-
w
o

Pt ettt bt tr et

120

110

100

©
o

1T T 17 1T 17T 17T 17T T 1T 17T T T T T T TT1

4 6 8 10 12 14 16 18 20

Age at measurement (months)

196 Pediatr Neurosurg 1999;30:193-199

Growth of the head (circumference, breadth, length)
during treatment is visually presented in figures 1-3.
Data from the patients treated with orthotic management
are represented by periods (i.e. *.”). Data for age-matched
norms are represented by connected asterisks (“*’). Age-
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gender-specific norms provided by Dekaban 120 -
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entrance and exit cranial length measure- 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
ments of 109 male patients. b Plot of en- Age at measurement (months)
trance and exit cranial length measurements
of 81 female patients.
matched means for males and females at 1, 2, 3,6, 9, 12 The significance of growth of the head during orthotic

and 18 months of age are taken from Dekaban [20]. As management was evaluated by comparing posttreatment
can be seen from the figures 1-3, the growth trajectories and pretreatment measurements of head circumference,
of infants being managed orthotically follow a course sim-  cranial breadth and cranial length (table 2). Statistical
ilar to the trajectories of normals. analysis of these paired measurements revealed statisti-
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Table 2. Increase of cranial breadth, .
length and circumference Parameter Entrance,mm Exit, mm Increase, mm T Prob. > T
(mean £ SD) (mean * SD) (mean = SD)
Cranial breadth 119.9 (8.2) 125.9(7.2) 6.0(5.0) 16.5 0.001
Cranial length 141.8 (9.2) 148.7 (9.0) 6.8 (5.0) 18.9 0.001
Circumference 434.3(20.1) 453.5(19.7) 19.2(11.9) 22.3 0.001

cally significant increases in all three parameters (p <
0.001). Mean head circumference, a measure of the over-
all size of the head, increased from 434.3 = 20.1 mm at
entrance to 453.5 + 19.7 mm at exit. Not surprisingly,
cranial breadth and length also increased significantly
during treatment. Cranial breadth increased from an
entrance mean of 119.9 + 8.2 t0 125.9 £ 7.2 mm at exit;
while mean cranial length increased from 141.8 £ 9.2
mm at entrance to 148.7 £ 9.0 mm at exit. Thus, signifi-
cant correction of the asymmetries was achieved with syn-
chronous and significant growth of the skull.

Discussion

Three observations are evident from the anthropomet-
ric data: (1) patients exhibit statistically significant reduc-
tions in craniofacial asymmetry during orthotic manage-
ment (table 1); (2) patients demonstrate statistically sig-
nificant increases in circumference, cranial breadth and
cranial length during treatment (table 2), and (3) infants
treated with DOC banding exhibit growth trajectories
similar to normals (figs. 1-3).

In short, these findings demonstrate that DOC treat-
ment results in significant reduction of craniofacial asym-
metry, while more importantly documenting that this cor-
rection is achieved with concomitant, statistically signifi-
cant growth of the skull.

At the same time, we note that infants with plagioce-
phaly exhibit a wider and shorter head shape then their
age-matched normals — a condition that is consistent with
the recognized positional etiologies of plagiocephaly. A
review of figures 1-3 reveals that although male and
female head circumferences plot symmetrically about the
normal means, cranial breadth plots consistently above,
while cranial length consistently falls below. Thus, al-
though exhibiting normal growth trajectories, infants with
plagiocephaly tend to present with, and retain, a more
brachycephalic configuration.

The primary purpose of this investigation has been to
examine the effect of DOC on head growth, and not to
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establish the efficacy of the program. However, as both
simple repositioning and orthotic management have been
reported to be successful in the treatment of deformation-
al plagiocephaly [3, 6, 8, 9, 11, 21-23], there is some con-
fusion regarding the ‘best’ method for treating this condi-
tion. Fortunately, guidelines established at the 1997 Cran-
iosynostosis and Skull Molding Symposium help bring
some clarity to this issue [24]. These guidelines recognize
that when diagnosed and treated at an early age, deforma-
tional plagiocephaly may be managed successfully by sim-
ple repositioning of the child off the flattened occiput -
additionally noting that physical therapy should be insti-
tuted if there is evidence of congenital muscular torticol-
lis. On the other hand, if repositioning is unsuccessful, or
if the initial deformity is too severe or the child is too old
for repositioning to be effective (5-6 months of age),
orthotic management should be considered as the next
logical alternative. Surgical intervention is recommended
only for the most severe cases, and only after all conserva-
tive measures have been exhausted. The recommenda-
tions recognize that repositioning, orthotic management
and surgical intervention are not necessarily mutually
exclusive alternatives. Not surprisingly, a careful review
of the three studies documenting the success of reposition-
ing reveals that all three recommend some form of ortho-
sis to treat those infants who were too severe or failed
repositioning [9, 21, 22].

In this investigation, we have documented the ability
of our orthosis, the DOC Band, to reshape the head with-
out restricting the overall growth of the skull. However,
we recognize that any cranial orthosis has the potential to
restrict cranial growth. For that reason, our treatment
incorporates special controls to minimize this risk while
assuring effectiveness. Not the least of these controls is the
requirement that patients return for weekly or biweekly
visits during which time adjustments are made to ensure
proper growth. Thus, patient compliance is imperative.
The results of this investigation document the success of
the DOC program to treat deformational plagiocephaly
both safely and effectively.
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