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Pediatric cranial deformations: demographic associations
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OBJECTIVE No study has established a relationship between cranial deformations and demographic factors. While
the connection between the Back to Sleep campaign and cranial deformation has been outlined, considerations toward
cultural or anthropological differences should also be investigated.

METHODS The authors conducted a retrospective review of 1499 patients (age range 2 months to less than 19 years)
who presented for possible trauma in 2018 and had a negative CT scan. The cranial vault asymmetry index (CVAI) and
cranial index (Cl) were used to evaluate potential cranial deformations. The cohort was evaluated for differences be-
tween sex, race, and ethnicity among 1) all patients and 2) patients within the clinical treatment window (2-24 months of
age). Patients categorized as “other” and those for whom data were missing were excluded from analysis.

RESULTS In the CVAI cohort with available data (n = 1499, although data were missing for each variable), 800 (56.7%)
of 1411 patients were male, 1024 (79%) of 1304 patients were Caucasian, 253 (19.4%) of 1304 patients were African
American, and 127 (10.3%) of 1236 patients were of Hispanic/Latin American descent. The mean CVAI values were
significantly different between sex (p < 0.001) and race (p < 0.001). However, only race was associated with differences
in positional posterior plagiocephaly (PPP) diagnosis (p < 0.001). There was no significant difference in CVAI measure-
ments for ethnicity (p = 0.968). Of the 520 patients in the treatment window cohort, 307 (59%) were male. Of the 421
patients with data for race, 334 were Caucasian and 80 were African American; 47 of the 483 patients with ethnicity
data were of Hispanic/Latin American descent. There were no differences between mean CVAI values for sex (p =
0.404) or ethnicity (p = 0.600). There were significant differences between the mean CVAI values for Caucasian and
African American patients (p < 0.001) and rate of PPP diagnosis (p = 0.02). In the Cl cohort with available data (n =
1429, although data were missing for each variable), 849 (56.8%) of 1494 patients were male, 1007 (67.4%) of 1283 were
Caucasian, 248 (16.6%) of 1283 were African American, and 138 patients with ethnicity data (n = 1320) of Hispanic/Latin
American descent. Within the clinical treatment window cohort with available data, 373 (59.2%) of 630 patients were
male, 403 were Caucasian (81.9%), 84 were African American (17.1%), and 55 (10.5%) of 528 patients were of Hispanic/
Latin American descent. The mean Cl values were not significantly different between sexes (p = 0.450) in either cohort.
However, there were significant differences between Cl measurements for Caucasian and African American patients (p
<0.001) as well as patients of Hispanic/Latin American descent (p < 0.001) in both cohorts.

CONCLUSIONS The authors found no significant associations between cranial deformations and sex. However,
significant differences exist between Caucasian and African American patients as well as patients with Hispanic/Latin
American heritage. These findings suggest cultural or anthropological influences on defining skull deformations. Further
investigation into the factors contributing to these differences should be undertaken.
https://thejns.org/doi/abs/10.3171/2020.3.PEDS2085
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neurosurgical setting refers to posterior positional

plagiocephaly (PPP) and deformational brachy-
cephaly. PPP is defined as unilateral occipital flatten-
ing with or without associated facial asymmetry, while
brachycephaly is a symmetric flattening of the occiput.!
The development of deformities of this nature are usually
linked to positioning habits.? In an effort to reduce sudden
infant death syndrome (SIDS), the American Academy of
Pediatrics recommended that children sleep in the supine
position.'** Thus, this major guideline shift changed the
dynamics of force placed on the child’s occiput during
sleep, increasing positional deformities.*> Ultimately, skull
deformity exists on a spectrum, and the exact characteriza-
tion of skull shape can be plagiocephaly or brachycephaly,
or both.6

Skull deformity can be measured in a sensitive man-
ner using CT scans. The cranial vault asymmetry index
(CVAI) can be used to measure the degree of plagioceph-
aly at the level of the superior orbital rim.” In contrast, the
cranial index (CI) is used to measure the degree of brachy-
cephaly using the most lateral points of the skull and the
maximum anteroposterior distance.® These measurements
have also been used to assess the development of the pedi-
atric skull over time.?

The CI may have additional utility to determine ethnic
and sex differences in skull deformity. Ultimately, the defi-
nition of a symmetric skull is an arbitrary concept. For ex-
ample, the cutoff values for dolichocephaly, mesocephaly,
brachycephaly, and hyperbrachycephaly vary in the cur-
rent literature.®® Thus, skull deformity may potentially be
attributed to racial and geographic variation.” For example,
Japanese and Caucasian Cls have shown significant varia-
tion in the literature.” Thus, the purpose of our study was
to determine if skull deformity can be attributed to ethnic
and sex differences by using skull measurement indexes.

Methods

Patient Data Collection
After IRB approval, a cross-sectional study was con-

NONSYNOSTOTIC skull asymmetry in the pediatric

FIG. 1. Calculation of the CVAI.
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ducted of 2262 pediatric patients evaluated for head trau-
ma with a negative CT at Monroe Carell Jr. Children’s
Hospital at Vanderbilt (MCJCHV) between January 1,
2018, and December 31, 2018. The inclusion of study par-
ticipants was based on the following criteria: 1) patient age
<19 years at the time of CT imaging; 2) patient evaluation
at MCJCHYV; and 3) CT imaging results negative for post-
traumatic focal or diffuse lesions at initial presentation.
Exclusion criteria were 1) history of shunted hydroceph-
alus; 2) radiographic presence of cranial trauma; 3) his-
tory of craniosynostosis or skull surgery; and 4) imaging
complications that limited obtaining measurements. After
removal for exclusion criteria, 1499 patients met the inclu-
sion criteria and were able to be evaluated for brachyceph-
aly via cranial index measurements, and 1429 patients met
the criteria to be evaluated for plagiocephaly via CVAI
measurements. Due to subtle differences in obtaining CI
and CVAI, not all patients could be evaluated for both.
Therefore, while the majority of the records overlap, not
all of them do.

PPP Evaluation

Patient data were retrospectively reviewed through
electronic medical records at MCJCHYV. The CVAI was
assessed using CT imaging at the level of the superior or-
bital rim (Figs. 1 and 2). A measurement that resulted in
a CVAI = 3.50 was considered to be indicative of asym-
metry, consistent with the literature.” To evaluate poten-
tial disparities, we evaluated our cohort for differences
between sex, race, and ethnicity among 1) all patients
and 2) patients within the clinical treatment window (age
2-24 months). Patients categorized as “other” and those
for whom data were missing were excluded from analysis.

Brachycephaly Evaluation

The CI was calculated by measuring the cephalic width
as the lateral-most point of the parietal bone and the ce-
phalic length as the glabella to opisthocranion (Figs. 3
and 4). For CI measurements, literature has suggested that

|A—B| x 100
A or B (Whichever is greater)
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FIG. 2. Radiographic representation of CVAI measurement for brachy-
cephaly evaluation. Figure is available in color online only.

an index greater than 81.0-95.0 is indicative of brachy-
cephaly.31° To evaluate potential disparities, we evaluated
our cohort for differences between sex, race, and ethnicity
among 1) all patients and 2) patients within the clinical
treatment window (age 2-24 months). Patients categorized
as “other” and those for whom data were missing were
excluded from analysis.
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FIG. 3. Schematic representation of the Cl measurement. A = anterior;
D =right; P = posterior; S = left. Figure is available in color online only.

Statistical Analysis

Statistical analysis was conducted using IBM SPSS
(version 23, IBM Corp.). Determination of differences in
CVAI mean values and their relationships to sex, race,
and ethnicity were conducted using Pearson chi-square
and independent t-tests. The same analysis was conducted
within the subset treatment window age groups. All tests
were conducted with a priori o = 0.05.

Results

The CVAI was collected for patients in the CVAI co-
hort to obtain plagiocephaly measurements (n = 1499, al-
though data were missing for each variable). Table 1 com-
pares the entire cohort with available data by sex, race,
and ethnicity. A significant difference was found between
males and females in terms of mean CVAI (p < 0.001).
Significance was also found for the mean CVAI for race
(p < 0.001). Specifically, a direct comparison of the differ-
ences between Caucasian and African American patients
revealed significant differences in mean CVAI values (p <
0.001). However, this significance was not seen when clas-
sifying the population by ethnicity. Subsequently, patients’
electronic medical records were reviewed for diagnoses of
PPP. Analysis revealed no differences in diagnosis rates
of PPP between sexes (64 [8.0%] males and 33 [5.4%] fe-
males; x> = 3.655, p = 0.056). However, differences in rates
of diagnosis between racial subgroups were statistically
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FIG. 4. Radiographic representation of the Cl measurement. Figure is
available in color online only.

significant (65 [6.3%] Caucasians and 6 [2.3%] African
Americans; %> = 6.108, p = 0.014).

A subset analysis was conducted for children who were
within the treatment window of less than 24 months. CVAI
was not significantly different between males and females
(p=0.404). Additionally, mean CVAI differences were not
different when the population was broken down by ethnic-
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TABLE 1. Plagiocephaly demographic information for total
cohort

Total Cohort

No. of Patients (%) Mean CVAI p Value

Total 1429 2.574

Sex (n = 1411) <0.001
Male 800 (56.7) 2.718
Female 611 (43.3) 2.384

Race (n = 1304) <0.001*
Caucasian 1024 (79.0) 2.686
African American 253 (19.4) 1.906
Asian 22 (1.7) 3.368
American Indian 5(0.4) 3.538

Ethnicity (n = 1236) 0.968
Hispanic 127 (10.3) 2.773

Non-Hispanic/Latino 1109 (89.7) 2.590

Boldface type indicates statistical significance.
* Independent t-test between Caucasian and African American subgroups.

ity. However, significant differences in mean CVAI could
be appreciated when the treatment cohort was stratified by
race (p < 0.001). Significant differences were also found
when directly comparing Caucasian and African Ameri-
can patients (p < 0.001). The subset comparison of mean
CVALI based on sex, race, and ethnicity is summarized in
Table 2. Analysis of this subset revealed no differences in
diagnosis rates of PPP between sexes (57 [18.5%)] males
and 32 [15.0%] females; > = 1.113, p = 0.291). However,
there were significant differences in the rates of diagnosis
between racial subgroups (55 [16.5%)] Caucasians and 5
[6.2%)] African Americans; x> = 5.44, p = 0.02).

The CI was collected for patients in the CI cohort (n
= 1429, although data were missing for each variable) to
obtain brachycephaly measurements. Total cohort differ-
ences in mean CI based on sex, race, and ethnicity are
summarized in Table 3. For the entire cohort with avail-
able data, the mean CI values were not significantly dif-
ferent when stratified by sex. However, when the mean CI
values were compared across races and ethnicity, signifi-
cance was achieved (p < 0.001). The mean CI differences
were also assessed directly between Caucasian and Afri-
can American patients and were significant (p < 0.001).

A subset analysis was conducted for children with
available data who were within the treatment window of
less than 24 months for CI measurements. Comparison
of the CI for the subset analysis based on sex, race, and
ethnicity is shown in Table 4. The differences in mean
CI measurements for the treatment window based on sex
were not significant. However, significance was achieved
when stratifying mean CI based on race and ethnicity (p
<0.001).

Discussion

Positional cranial deformities have increased in the
past few decades.*>"!! Most prominently, since the intro-
duction of the Back to Sleep campaign in 1992, a decrease
in SIDS-related deaths was seen with a concomitant in-
crease in PPP71%1213 While prominent risk factors for
these conditions have been assessed, especially obstetric
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TABLE 2. Plagiocephaly demographic information for subset
group in treatment window (2-24 months of age)
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TABLE 3. Brachycephaly demographic information for total
cohort

No. of Patients

Subset Cohort (%) Mean CVAI  p Value
Total 520 3.235
Sex (n = 520) 0.404
Male 307 (59%) 3.397
Female 213 (41%) 3.184
Race (n = 421) <0.001*
Caucasian 334 (79.3%) 3.520
African American 80 (19.0%) 2.750
Asian/Indian 5(0.9%) 7134
American Indian 2(0.5%) 4,57
Ethnicity (n = 483) 0.600
Hispanic 47 (9.7%) 3.419
Non-Hispanic/Latino 436 (90.3%) 3.257

Boldface type indicates statistical significance.
* Independent t-test between Caucasian and African American subgroups.

and infant care factors, there have been no formal evalu-
ations of demographic associations across sex, race, and
ethnicity.” For this reason, we set out to investigate the re-
lationships therein. Our hypothesis was that cultural and/
or anthropological differences between sex, racial, and
ethnic subgroups may contribute to differences in cranial
deformation.

While the CVAI measurement was noted to be signifi-
cantly different between males and females of all ages (0—
19 years), there were no significant differences within the
clinical treatment window. Similarly, there were no differ-
ences in rates of PPP diagnosis in males and females over-
all across either cohort. In terms of brachycephaly, there
were no significant differences in CI between sexes within
either age cohort. These findings suggest, that, although
there may be statistically different values for CVAI mea-
surements in older children, consistent with the literature,
there is no clinically significant association between sex
and cranial deformation.”!

With regard to race, the CVAI measurement was signif-
icantly different between African American and Cauca-
sian patients within the 2 cohorts. Additionally, PPP diag-
nosis rates were significantly higher among the Caucasian
population in both cohorts. Concerning symmetric skull
measurements, the CI was also found to be significantly
higher in the Caucasian subgroups for both age cohorts
and consistently above the brachycephaly threshold. Al-
though the CI was higher in Caucasians, it may not repre-
sent a significant clinical or cosmetic burden on average.
These findings represent a consistent association between
Caucasian race and prevalence of cranial deformations.
This substantial trend was consistent across both asym-
metric and symmetric cranial deformation differences be-
tween racial subgroups. Therefore, Caucasians may clini-
cally represent the greater burden of the plagiocephaly
and brachycephaly populations.

Analysis of patients of Hispanic/Latin American de-
scent was less consistent in terms of associations with sym-
metric and asymmetric deformation. While no significant
results were discovered through analysis of asymmetrical

Total Cohort No. of Patients (%) Mean CI  p Value
Total 1499 82.517
Sex (n = 1494) 0.450
Male 849 (56.8) 82.643
Female 645 (43.2) 82.351
Race (n = 1286) <0.001*
Caucasian 1007 (78.3) 82.623
African American 248 (19.3) 79.958
Asian/Indian 26 (2.0) 82.398
American Indian 5(0.4) 81.328
Ethnicity (n = 1320) <0.001
Hispanic 138 (10.5) 84.745

Non-Hispanic/Latino 1182 (89.5) 82.003

Boldface type indicates statistical significance.
* Independent t-test between Caucasian and African American subgroups.

deformations vis-a-vis plagiocephaly, symmetric defor-
mations showed consistent differences in both cohorts for
cranial index. The differences found between Hispanic/
Latin American and non—Hispanic/Latin American eth-
nicities would suggest a potential clinical association for
brachycephaly; however, again the degree of clinical and
cosmetic impact may be minimal on average.

While these differences appear novel at first glance,
there are potential explanations in a variety of anthropo-
logical, socioeconomic, and cultural mechanisms. Since
the 1960s, anthropological measurements of cranial “dis-
criminant functions” have been used with a specificity be-
tween 82% and 89% to identify the race and sex of skeletal
remains.>!>!7 Some of these discriminant functions iden-
tified included more rectangular orbits in African Ameri-
can subgroups, which could account for a more symmetric
CVAI measurement. Similarly, the African American sub-
groups were known to have a more dolichocephalic skull,
which would affect brachycephaly measurements.!> These

TABLE 4. Brachycephaly demographic information for subset
group in treatment window (2-24 months of age)

Subset Cohort Population (%)  MeanCl  p Value
Total 630 85.459
Sex (n =630) 0.534
Male 373 (59.2) 85.611
Female 257 (40.8) 85.237
Race (n = 492) <0.001*
Caucasian 403 (81.9) 82.623
African American 84 (17.1) 79.958
Asian/Indian 3(0.6) 82.398
American Indian 2(04) 81.328
Ethnicity (n = 528) <0.001
Hispanic 55(10.4) 87.890

Non-Hispanic/Latino 473 (89.6) 84.972

Boldface type indicates statistical significance.
* Independent t-test between Caucasian and African American subgroups.
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noted differences in combination with any number of oth-
er cranial bone variations could account for some degree
of variation in cranial deformation seen between races.

Historically, studies have shown that African American
mothers and mothers in low socioeconomic communities
have been less likely to comply with the recommendations
of the Back to Sleep campaign.!®-' The children show con-
sistently higher rates of prone sleeping, even though stud-
ies have shown that the mothers are generally aware of the
campaign.” The reasons for these findings have focused
on the influence of matriarchal figures such as grandmoth-
ers, lack of faith in the supine position being “safer,” and
not enough trust in their pediatrician.’®-?' Given the effect
of the Back to Sleep campaign on positional cranial de-
formations, specifically PPP, these findings would also be
consistent with fewer cranial deformations in infants and
children of African American and Hispanic/Latin Ameri-
can mothers as well as those born into low socioeconomic
status communities.

Some notable limitations of this study are that we did
not evaluate any patients longitudinally, so we were unable
to assess if any patients had previously been treated and
what impact that may have on these cohorts. Second, the
radiographic evidence provided in this investigation was
not verified by clinical assessment of these measurements
via craniometry and therefore may be subject to variations
within the differences of those measurement scales. Last-
ly, sex, race, and ethnicity had patients with missing data
or “other” responses for both CVAI and CI measurements.

Conclusions

Clinically, cranial deformation manifested in the forms
of plagiocephaly and brachycephaly is more likely to be
seen in Caucasian populations than in African American
populations. Explanations for these variations may be due
to anthropomorphic differences in cranial anatomy as well
as cultural differences in infant sleeping positions.
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