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Abstract

Objective Although prematurity is a risk factor for developing deformational plagiocephaly (DP), to our knowledge, there are no
studies that have analyzed the impact of a premature birth on the duration of head orthosis therapy and the extent of the reduction
in asymmetry during treatment.

Materials and Methods We examined 239 patients with DP who were undergoing head orthosis therapy. Depending on the
gestational age, they were assigned to either a premature (gestational age of < 37 weeks) or a full-term (gestational age of > 37
weeks) group. Head shape was analyzed using 3D-stereophotogrammetry at the start and end of treatment. We performed
multiple linear regression analyses to evaluate the impact of prematurity on the duration of therapy and the extent of the reduction
in asymmetry, taking age and the initial asymmetry of an infant’s head into account.

Results Head orthosis therapy led to a significant reduction in asymmetry in both groups. Using multiple linear regression
analyses, we demonstrated that age at the start of treatment, the initial asymmetry and prematurity, significantly influenced the
duration of therapy. Patients who were born at an earlier gestational age experienced a shorter treatment length. However,
prematurity did not affect the extent of the reduction in cranial asymmetry that was achieved.

Conclusions Along with age at the start of treatment and the initial asymmetry, prematurity is significantly correlated with the
duration of head orthosis therapy, but not with the extent of the reduction in asymmetry achieved.

Clinical Relevance Knowledge of these findings is important for clinicians when planning treatment and discussing the effec-
tiveness of head orthosis therapy with the parents of premature infants with DP.

Keywords Craniofacial growth - Deformational plagiocephaly (DP) - Head orthosis therapy - Prematurity - Duration of therapy -
Reduction of cranial asymmetry

Introduction of the occiput, an ipsilateral anterior shift of the ear, an ipsi-
lateral protrusion of the forehead, and facial scoliosis are pos-

Positional asymmetries of the head are the most common skull ~ sible further characteristics of a deformational plagiocephaly
deformities in infancy [1-3]. Along with a unilateral flattening ~ (DP) [4—7]. Due to the reasonable recommendation that chil-
dren should sleep on their backs to avoid sudden infant death
syndrome, the incidence of these positional head asymmetries
54 Felix Kunz has increased significantly [3]. Besides to this supine sleeping
kunz_f@ukw.de position, which is the main risk factor for developing DP,
many other risk factors such as male sex [8—11], limited intra-
uterine space (e.g., multiple birth) [8, 9, 12], and restricted
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Furthermore, premature infants have poorer neck muscle tone,
meaning that their head is placed in a lateral position most of
the time [16, 21].

In young patients (less than about 6 months of age) with only
moderate asymmetry, it is generally recommended that active
repositioning or physical therapy should be commenced to cor-
rect the asymmetry [22]. In older patients, or where there is
severe skull asymmetry, or in cases where the above-
mentioned therapies have failed to normalize the skull shape,
molding head orthosis therapy is an additional option [22, 23].
This so-called helmet therapy guides further growth of an in-
fant’s head in order to correct the deformational asymmetry.
The effectiveness of the different therapeutic approaches main-
ly depends on age at the start of therapy and the initial asym-
metry [2, 24]. In general, growth is the precondition for suc-
cessful therapy [23], with the literature stating that there is a
reduced growth potential with increasing age [25], but there
may be a difference between full-term and premature infants.

Several studies have analyzed the impact of an infant’s age
on how successful helmet therapy is [2, 24, 26, 27], but to our
knowledge, none has investigated the influence of prematuri-
ty. For this reason, the aims of this study were to assess the
impact of preterm birth on (1) the extent of the reduction in
asymmetry, and (2) the duration of the head orthosis therapy in
infants with DP.

Materials and methods
Subjects

A total of 239 Caucasian infants (33% female, 67% male) with
DP were included in the study. With reference to Moss and
Mortenson et al. [28, 29], only infants with a cranial vault asym-
metry (CVA) of more than 3 mm were included. All the children
underwent head orthosis therapy to correct their positional head
asymmetry. Patients with craniosynostosis, microcephaly, severe
comorbidities, or congenital anomalies were excluded.
The cohort was divided depending on gestational age:

—  Premature group (44 patients): infants with a gestational
age of < 37 weeks

—  Full-term group (195 patients): infants with a gestational
age of > 37 weeks

Methods

The research was conceived as a prospective longitudinal
study, was approved by the local ethics committee, and was
carried out in compliance with the Declaration of Helsinki. All
the parents or legal guardians gave their oral and written con-
sent to participating in the investigation.
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Course of therapy

All the patients had already undergone active reposi-
tioning therapy in combination with either physiotherapy
or osteopathy without achieving a satisfactory head
shape. After premature craniosynostosis had been ruled
out clinically and by sonography, we performed a 3D-
stereophotogrammetric image (T1) using the 3dMDhead
System® (Atlanta, Georgia). An individual molding
head orthosis (“helmet”) was then manufactured
(Cranioform®, Alpnach, Switzerland), and therapy was
commenced. The parents were instructed that their in-
fant must wear the helmet for about 23 h per day. At
regular consultations every 4-5 weeks, the helmet was
adjusted according to changes in the head shape. At
these appointments, further 3D-sterecophotogrammetric
images were performed to verify a proper course of
treatment and to reevaluate sufficient growth for further
head orthosis therapy. In consultations between doctors
and parents, treatment ended after a satisfactory head
shape was achieved. A final 3D-stereophotogrammetric
image (T2) was then performed.

Three-dimensional analysis

A single experienced examiner conducted all the analy-
ses using professional 3D-software (Cranioform®
Analytics 4.0). The 3D-datasets were aligned three di-
mensionally in a coordinate system using four reference
points (nasion point “N,” subnasal point “Sn,” and the
tragus points “Tr” on both sides), as depicted in Fig. 1.
This method guarantees repeatable and reliable align-
ment of the datasets, thereby enabling longitudinal anal-
yses to be performed.

For some assessments, another plane (measurement plane)
was defined by shifting the XY-plane up to the level of the
maximum anterior—posterior length of the infant’s head (Fig.
2). Three symmetry-related variables were used to assess the
asymmetry of the skulls (Fig. 3a, b):

1. 30°-CVA (Cranial Vault Asymmetry) in mm:

Measurement of the two diagonals at a 30° angle to the
Y-axis at the level of the measurement plane. The differ-
ence between these diagonals is the 30°-CVA.

2. 30°-CVAI (Cranial Vault Asymmetry Index) in %:
30°-CVA in relation to the length of the shorter 30°-
diagonal.
3. PCAI (Posterior Cranial Asymmetry Index) in %:

The cranial volume above the XY-plane is divid-
ed into four partial volumes by the XZ-plane and
the YZ-plane. The difference between the two pos-
terior volumes was divided by the smaller posterior
volume and multiplied by 100.
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Fig. 1 Coordinate system for the
alignment of the 3D-datasets

XY-plane

Fig. 2 Definition of the
measurement plane by shifting
the XY-plane cranially
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Fig.3 a Definition of the 30°-diagonals on the measurement plane for quantifying the 30°-CVA and 30°-CVAL. b Definition of the posterior volumes for

quantifying the PCAI using the planes of the coordinate system

Fifty randomly selected 3D-datasets were measured twice
by the same examiner to determine the intra-rater reliability.

Statistics

All the collected data were analyzed using the software SPSS
Statistics Version 25.0 for Windows (IBM, Ehningen,
Germany).

Intra-rater reliability was verified by calculating the
Pearson product-moment correlation for all the variables of
the 50 3D-datasets that had been analyzed twice.

Normal distribution of the data was considered due to the
size of our cohort, and we therefore used parametric analyses
for all the statistics.

T+tests for independent samples were calculated to assess
whether there were significant group differences between the
premature and the full-term groups at T1, as well as for group-
specific differences in changes of the symmetry-related

parameters (AT1-T2). We used t-tests for dependent samples
to compare the symmetry-related variables for each group at
T1 and T2.

In a second step, we analyzed whether gestational age was
a predictor of the extent of the reduction in asymmetry or the
duration of therapy. As we know from previous investigations
that both age at the start of therapy and initial asymmetry are
independent predictors of the extent of the reduction in asym-
metry [2, 24], we considered these two parameters in different
multiple linear regression analyses. For both the initial asym-
metry and the extent of the reduction in asymmetry, we inves-
tigated 2D- (30°-CVA at T1 / A 30°-CVA) and 3D-variables
(PCAT at T1 / A PCAI). The characteristics of these multiple
linear regression analyses are depicted in Table 1. The coeffi-
cient of determination (R°), the p value, and the regression
coefficient (B) for all the multiple regression analyses are pre-
sented in the results.

The level of significance was set at 5% for all the analyses.

Table 1 Overview of the characteristics of the four multiple linear regression analyses
Model no. 2D vs. 3D Criterion Predictors
Extent of reduction in asymmetry la 2D A 30°-CVA [mm] Age at T1[weeks]
30°-CVA at T1 [mm)]
Gestational age [weeks]
1b 3D A PCAI [%] Age at T1 [weeks]
PCAl at T1 [%]
Gestational age [weeks]
Duration of therapy 2a 2D Duration of therapy [weeks] Age at T1 [weeks]
30°-CVA at T1 [mm]
Gestational age [weeks]
2b 3D Duration of therapy [weeks] Age at T1 [weeks]

PCAT at T1 [%]
Gestational age [weeks]

@ Springer



Clin Oral Invest (2020) 24:2991-2999

2995

Table 2

Symmetry-related variables for patients in the premature and the full-term group at T1

Premature group (n = 44)

Full-term group (n = 195)  #test for independent samples

No. Variable  Unit M SD M SD t df p S
symmetry-related variables (T1) 1 30°-CVA mm 12.96 4.11 11.81 3.74 1.80 237 0.073 ns.

2 30°-CVAL % 9.58 3.14 8.69 2.82 1.86 237 0.064 ns.

3 PCAI % 24.31 11.95 21.51 8.48 1.82 237 0.070 ns.

T-test for independent samples, mean (M), standard deviation (SD), t-value (), degrees of freedom (df) and p value (p)

*Significance for p < 0.05/**Significance for p < 0.01

Results
General findings

The intra-rater reliability of all the symmetry-related variables
was very high (all the correlation coefficients were > 0.900,
with all the p values < 0.05).

The cohort of 239 patients with DP (33% female / 67%
male) was divided into two groups in relation to gestational
age: 44 patients (= 18% of the total cohort; 30% female/70%
male) with a gestational age of M = 33.1 weeks (SD = 3.2;
range: 25.0-36.0) were placed in the premature group, and
195 infants (= 82% of the total cohort; 33% female / 67%
male) with a gestational age of M = 39.0 weeks (SD = 1.3;
range: 37.0-42.0) were assigned to the full-term group. This
difference in gestational age was statistically significant, with
p <0.001.

Findings at the start of therapy

The average age of all the 239 patients with DP at the
start of therapy was M = 27.9 weeks (SD = 6.6; range:
14.1-50.1). The infants in the premature group were
significantly older (p < 0.001) at the start of treatment
than those in the full-term group: in the premature
group, therapy started at M = 32.3 weeks (SD = 7.1;
range: 22.8-50.1), and at M = 26.9 weeks (SD = 6.1;
range: 14.1-49.0) for the full-term group.

Table 3

There were no significant differences between the groups
with respect to the symmetry-related variables at the start of
therapy (Table 2).

Findings during the course of therapy

There was a significant reduction in asymmetry for all the
parameters in the premature and full-term groups when
comparing the symmetry-related variables at T1 and T2
(all p < 0.001). The extend of the reduction was not statis-
tically different between the two groups (Table 3). The av-
erage treatment time for the total cohort was M = 20.2 weeks
(SD = 6.0; range: 8.3—42.0). There was no statistically sig-
nificant difference with respect to this parameter (p = 0.945)
between the premature (M = 20.3 weeks; SD = 6.3; range:
8.4-42.0) and the full-term group (M = 20.2 weeks; SD =
6.0; range: 8.3—40.1).

Multiple linear regression analyses
Extent of the reduction in asymmetry

The results of the multiple linear regression analyses with
respect to the extent of the reduction in asymmetry (models
la and 1b) are depicted in Tables 4 and 5.

There were significant relationships with the predictors age
at T1 and the initial asymmetry (30°-CVA at T1, PCAT at T1)
in both the multiple linear regression analyses with the extent
of the reduction in asymmetry as the criterion (A 30°-CVA,

Reduction of the symmetry-related variables (A T1-T2) for patients in the premature and the full-term group

No. Variable Unit

Premature group

Full-term group t-test for independent samples

A 30°-CVA  mm
A 30°-CVAI %
A PCAI %

symmetry-related variables (A T1-T2) 1

(n = 44) (n = 195)
SD M SD t d p S
279 639 316  -133 237 0.8 ns.
212 503 240 -1.02 237 0310 ns.
1411 848 1292  7.06 097 237 0334 ns.

T-test for independent samples, mean (M), standard deviation (SD), t-value (), degrees of freedom (df) and p value (p)

*Significance for p < 0.05/#*Significance for p < 0.01
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Table 4 Multiple linear regression analysis (model no. 1a) with A 30°-CVA as the dependent variable

95% confidence interval

Criterion N R Predictors Unit B Lower limit Upper limit p S
Extent of reduction in asymmetry 239 0.403 Constant - 5.327 0.014 10.639 0.049 *
A30°-CVA (ATI-T2) Age at T1 weeks  —0.163 0214 ~0.113 0.000  **
30°-CVA at T1 mm 0.415 0.333 0.496 0.000 ok
Gestational age weeks 0.013 —0.102 0.129 0.819 n.s.

Age, 30°-CVA at T1 and gestational age as predictors

R’ coefficient of determination (R ); regression coefficient (B); p value (p); significance (S) for p value

*Significance for p < 0.05 / **Significance for p < 0.01

respectively A PCAI). The younger the patients at the start of
therapy, and the more severe the initial asymmetry, the greater
the extent of the reduction in asymmetry during treatment.
However, there were no significant relationships between ges-
tational age and the extent of the asymmetry reduction during
therapy in the regression analyses. We were unable to improve
the explanation of the variance in the dependent variable (R?)
in these multiple linear regression analyses by adding gesta-
tional age as an additional predictor.

Duration of therapy

The results of the multiple linear regression analyses
concerning the duration of therapy (models 2a and 2b) are
depicted in Tables 6 and 7.

There were significant relationships with all three predic-
tors, age at T1, initial asymmetry (30°-CVA at T1, respective
PCAI at T1) and gestational age, for these multiple linear
regression analyses. The duration of therapy is lengthened
with increasing age at the start of therapy, greater initial asym-
metry, and a higher gestational age.

By adding the gestational age as an additional predictor, the
explanation of the variance of the dependent variable (R?) was
improved from 17.4% to 20.5% in model 2a and from 18.3%
to 21.9% in model 2b.

Discussion

Head orthosis therapy is an effective treatment for patients
with DP. In recent years, several studies have demonstrated
that especially the patient’s age at the start of therapy and the
initial asymmetry have a significant impact on how successful
this treatment option is [2, 24]. However, the influence of
premature birth on the effectiveness and duration of this ther-
apy has not been studied, even though prematurity is one of
the main risk factors for developing DP [14-20]. In the present
study, we analyzed the impact of prematurity on the extent of
the reduction in asymmetry and the duration of head orthosis
therapy in affected infants with respect to age at the start of
therapy and initial asymmetry.

A total of 239 infants, subdivided into a premature and a
full-term group who successfully underwent head orthosis
therapy, were investigated longitudinally. Of this cohort,
18% were born prematurely, which was double the incidence
than in the general population in Germany [30]. This signifi-
cantly higher number reflects prematurity as a risk factor for
the development of DP. About two thirds of our cohort were
male and only one third female, confirming the findings of
previous studies, which highlight that there is double the inci-
dence of this condition in the male sex [3, 8-11, 14]. The
premature and the full-term groups were comparable in rela-
tion to their gender distribution.

Table 5 Multiple linear regression analysis (model no. 1b) with A PCAI as the dependent variable
95% confidence interval
Criterion N R Predictors Unit B Lower limit Upper limit ~ p N
Extent of reduction in asymmetry 239 0.507 Constant - 13.812 2.331 25.293 0.019 *
A PCAL (ATI-T2) Age at T1 weeks  —0.306  —0.417 -0.195 0.000  **
PCAT at T1 % 0.490 0.416 0.563 0.000 o
Gestational age weeks -0.077 -0.326 0.172 0.544 n.s.

Age, PCAI at T1, and gestational age as predictors

R? coefficient of determination (R2 ); regression coefficient (B); p value (p); significance (S) for p value

*Significance for p < 0.05/**Significance for p < 0.01
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Table 6 Multiple linear regression analysis (model no. 2a) with the duration of therapy as the dependent variable
95% confidence interval
Criterion N R’ Predictors Unit B Lower limit Upper limit p S
Duration of therapy 239 0.205 Constant - —10.575 —22.464 1.314 0.081 n.s.
Age at T1 weeks 0.364 0.251 0.478 0.000 *E
30°-CVA at T1 mm 0.469 0.287 0.650 0.000 wE
Gestational age weeks 0.395 0.136 0.653 0.003 Hok

Age, 30°-CVA at T1, and gestational age as predictors

R’ coefficient of determination (R ); regression coefficient (B); p value (p); significance (S) for p value

*Significance for p < 0.05 / **Significance for p < 0.01

All the cranial measurements were performed using 3D-
stereophotogrammic images, enabling a high level of accura-
cy and reproducibility to be achieved [24]. As previously de-
scribed, there was very high intra-rater reliability for all the
examined variables [24, 25, 31]. Cranial asymmetry was
assessed using three symmetry-related variables: 30°-CVA
and 30°-CVAI as 2D-variables and PCAI as a 3D-variable.
The advantage of this volumetric variable is that the 3D-
asymmetry is no longer reduced to 2D-measurements [24].

At the start of treatment, there were no significant differ-
ences in all the symmetry-related variables in the two groups.
During head orthosis therapy, there was also a similar extent
of reduction in asymmetry for these variables in both groups.
However, there was a significant difference concerning age at
the start of therapy: the premature group was significantly
older. This may be explained by the fact that premature infants
frequently suffer from concomitant conditions such as respi-
ratory distress syndrome [32] or renal diseases [33—37], mean-
ing that the parents of these children may not initially priori-
tize the correction of positional asymmetry. As a result, only
comparing the premature and the full-term groups using #-tests
was statistically inadequate, as this method does not consider
the different ages at the start of therapy, which is known to
have a direct impact on the effectiveness of therapy. We there-
fore performed multiple linear regression analyses. The ad-
vantage of this method is the opportunity it provides to

evaluate the impact of different predictors on a criterion at
the same time.

For the regression analyses, we selected the two well-
known predictors - age at the start of therapy and initial asym-
metry [2, 24] - and enhanced them by the gestational age. The
predictors’ influence on the two different criterions — (1) the
extent of the reduction in asymmetry and (2) the duration of
therapy — was then calculated. We used both 2D- (30°-CVA
and A 30°-CVA) and 3D-variables (PCAI and A PCAI) for all
the symmetry-related parameters (initial asymmetry and ex-
tent of the reduction in asymmetry), which produced four
different multiple linear regression analyses (Table 1). Our
results demonstrate that prematurity does not influence the
extent of the reduction in asymmetry brought about by head
orthosis therapy. In the two multiple regression analyses that
had the extent of the reduction in asymmetry as the criterion
(models 1a and 1b), there was a significant correlation with
age at the start of treatment and initial asymmetry, but this was
not the case for gestational age. In contrast, in the two multiple
linear regression analyses that had the duration of therapy as
the criterion, all predictors demonstrated a significant correla-
tion (models 2a and 2b). The duration of therapy was shorter
in infants who were born at an earlier gestational age. This
confirms the assumption that premature infants have a higher
growth potential within the first months of life, although direct
causality is not possible to determine by linear regression

Table 7 Multiple linear regression analysis (model no. 2b) with the duration of therapy as the dependent variable
95% confidence interval
Criterion N R Predictors Unit B Lower limit Upper limit P N
Duration of therapy 239 0.219 Constant - —11.934 —23.792 —0.076 0.049 *
Age at T1 weeks 0.402 0.288 0.516 0.000 o
PCAI at Tl % 0.212 0.136 0.288 0.000 wE
Gestational age weeks 0.428 0.171 0.686 0.001 *k

Age, PCAI at T1, and gestational age as predictors

R? coefficient of determination (R2 ); regression coefficient (B); p value (p); significance (S) for p value

*Significance for p < 0.05/**Significance for p < 0.01
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analysis. There was no difference for the 2D- and 3D-
variables for quantifying the asymmetry, but the explanation
of the variance of all the predictors for this criterion was better
when 3D-variables were used.

Conclusion

This study analyzed 239 patients with DP to determine the
impact of a premature birth on the duration of head orthosis
therapy and on the extent of the reduction in asymmetry dur-
ing treatment. Age at the start of therapy, the initial asymmetry
of an infant’s head and prematurity were all significantly cor-
related with the length of therapy, with the premature infants
requiring treatment for a shorter period. The extent of the
reduction in asymmetry was, in contrast, unaffected by pre-
maturity. Knowledge of these findings is important for clini-
cians when planning treatment and discussing the effective-
ness of head orthosis therapy with the parents of premature
infants with DP.
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