1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Am J Orthod Dentofacial Orthop. Author manuscript; available in PMC 2021 September 01.

-, HHS Public Access
«

Published in final edited form as:
Am J Orthod Dentofacial Orthop. 2021 September ; 160(3): 430-441. doi:10.1016/j.ajodo.2020.04.038.

Geometric morphometric analysis of growth patterns among
facial types

Ryan P. Knigge2P.¢, Kieran P. McNulty9, Heesoo Oh®, Anna M. HardinPf, Emily V. Leary®,
Dana L. Duren?¢, Manish Valiathan9, Richard J. Sherwood?.¢9

aDepartment of Integrative Biology and Physiology, University of Minnesota Medical School,
Minneapolis, Minn

bDepartment of Pathology and Anatomical Sciences, University of Missouri School of Medicine,
Columbia, Mo

®Department of Orthopaedic Surgery, University of Missouri School of Medicine, Columbia, Mo

dEvolutionary Anthropology Lab, Department of Anthropology, University of Minnesota,
Minneapolis, Minn

€Department of Orthodontics, Arthur A. Dugoni School of Dentistry, University of the Pacific, San
Francisco, Calif

Biology Department, Western Oregon University, Monmouth, Ore

9Department of Orthodontics, School of Dental Medicine, Case Western Reserve University,
Cleveland, Ohio

Abstract

Introduction: Extreme patterns of vertical facial divergence are of great importance to
clinicians because of their association with dental malocclusion and functional problems of the
orofacial complex. Understanding the growth patterns associated with vertical facial divergence
is critical for clinicians to provide optimal treatment. This study evaluates and compares growth
patterns from childhood to adulthood among 3 classifications of vertical facial divergence using
longitudinal, lateral cephalograms from the Craniofacial Growth Consortium Study.

Methods: Participants (183 females, 188 males) were classified into 1 of 3 facial types on
the basis of their adult mandibular plane angle (MPA): hyperdivergent (MPA >39°; n = 40),
normodivergent (28° < MPA < 39°; n = 216), and hypodivergent (MPA <28°; n = 115). Each
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individual had 5 cephalograms between ages 6 and 20 years. A set of 36 cephalometric landmarks
were digitized on each cephalogram. Landmark configurations were superimposed to align 5
homologous landmarks of the anterior cranial base and scaled to unit centroid size. Growth
trajectories were calculated using multivariate regression for each facial type and sex combination.

Results: Divergent growth trajectories were identified among facial types, finding more
similarities in normodivergent and hypodivergent growth patterns than either share with the
hyperdivergent group. Through the use of geometric morphometric methods, new patterns of
facial growth related to vertical facial divergence were identified. Hyperdivergent growth exhibits
a downward rotation of the maxillomandibular complex relative to the anterior cranial base, in
addition to the increased relative growth of the lower anterior face. Conversely, normodivergent
and hypodivergent groups exhibit stable positioning of the maxilla relative to the anterior cranial
base, with the forward rotation of the mandible. Furthermore, the hyperdivergent maxilla and
mandible become relatively shorter and posteriorly positioned with age compared with the other
groups.

Conclusions: This study demonstrates how hyperdivergent growth, particularly restricted
growth and positioning of the maxilla, results in a higher potential risk for Class Il malocclusion.
Future work will investigate growth patterns within each classification of facial divergence.

Classifications of facial and dental morphology are frequently used in orthodontic practice
for diagnosis, treatment planning, and prognosis. Schudy? first characterized the interaction
of vertical and anteroposterior growth in the face as patterns of facial divergence (ie,
hyperdivergent, normodivergent, and hypodivergent), and since then, additional terminology
has been used to describe similar morphologic patterns. The hyperdivergent skeletal pattern
has been referred to as an open bite?~ or long face syndrome,>7 and the hypodivergent
pattern as a deep bite?~ or short face syndrome.®8 Although Schudy’s? classification
system was based on the mandibular plane angle (MPA), other measurements have been
used to classify patterns of vertical facial divergence, including the anterior to posterior
facial height ratio,® the lower anterior to total anterior facial height ratio,>~* and the angle
between mandibular and Frankfort horizontal planes.®

The clinical significance of these classifications relates to their associations with dental
malocclusion and other functional or esthetic issues. The hyperdivergent facial type is
commonly associated with an anterior open bite referring to a lack of vertical overlap

in maxillary and mandibular incisors.® Furthermore, skeletal hyperdivergence is related
to reduced masticatory performancel®-13 and airway constriction.1* The hypodivergent
facial type has been linked to a deep or excessive vertical overbite of the maxillary and
mandibular incisors, which can interfere with lateral and anterior mandibular movements
and temporomandibular joint dysfunction.1516

Understanding differences in morphology and growth associated with vertical facial
divergence patterns is critical for providing appropriate treatment and prognoses for
participants. Morphologic differences among skeletal facial types are apparent around 5

or 6 years of age.617-20 Most studies agree that facial type differences are predominantly
found in the lower face and mandible, but the specific measurements that differ among facial
types vary by study.6:17-19.21,22
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Previous cephalometric analyses of linear distance and angular measurements describing
childhood and/or adolescent growth patterns across facial types have also found contrasting
results. For example, Bishara and Jakobsen® note parallel incremental growth curves for
many craniofacial measurements from 5 to 25 years of age, indicating measurement
differences among facial types were already present at 5 years of age, with similar
subsequent growth patterns. Conversely, Karlsen’18 reported differences in growth up to 12
years of age among facial types, whereas Nanda? found variation in the adolescent growth
spurt among facial types leading to increased measurement differences during adolescence.
These disagreements likely result from the use of different study samples, classification
methods, or the age at classification, requiring further work to harmonize previous studies.

In this analysis, we use geometric morphometric methods (GMM), a multivariate, landmark-
based approach to evaluate differences in craniofacial morphology and growth patterns
among 3 skeletal facial types. The GMM approach allows for the evaluation of coordinated
patterns of vertical and anteroposterior growth in craniofacial structures by preserving the
geometric or spatial relationships of landmarks throughout the analysis, which traditional
linear cephalometrics are poorly equipped to quantify. We used the strengths of this
approach to clarify inconsistencies among previous studies of craniofacial growth patterns
of hyperdivergent, normodivergent, and hypodivergent participants. The goals of this study
are to (1) describe and compare growth trajectories for hyperdivergent, normodivergent,
and hypodivergent facial types and (2) determine shape differences among facial types at
different ages.

MATERIAL AND METHODS

The Craniofacial Growth Consortium Study houses longitudinal, lateral cephalograms

from 6 historical growth studies in the United States, which sampled populations of
primarily European ancestry from 1930-1982.19.20.23 A total of 1855 cephalograms from
371 participants (183 females, 188 males) in the Craniofacial Growth Consortium Study
were included in this analysis. Each individual had 1 cephalogram taken within each of

the following age categories: 6-8, 9-11, 12-14, 15-17, and 18-20 years, for a total of 5
cephalograms per participant. If a participant had more than 1 cephalogram per age category,
the cephalogram taken closest to the median age for that category was selected.

The age range of 6-20 years, and associated age categories, were chosen to maximize the
available sample, which includes the primary period for clinical treatment related to facial
growth. Some previous studies have considered the importance of postadolescent changes
in facial dimensions,24-31 although the amount and clinical significance of this growth have
been debated.2425.28 The greatest magnitude of postadolescent growth is often observed

in anterior facial height but rarely exceeds 1 mm over 10 years, a suggested threshold for
clinical significance.?

Facial type classification was based on adult morphology for all participants using their
cephalograms in the 18-20 year age interval; these classifications were applied to juvenile
cephalograms from the same participants. MPA, the angle between sella-nasion and gonion-
menton, was calculated and used for facial type classification: hypodivergent (MPA <28°),
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normodivergent (28° < MPA < 39°), and hyperdivergent (MPA >39°) (Table I). A set of

36 cephalometric landmarks (Table 11; Fig 1) was collected on each cephalogram, with no
missing data, to quantify the morphology of the craniofacial skeleton and anterior dentition.
This study was approved by the University of Missouri Institutional Review Board.

For each sex, a modified generalized Procrustes analysis was used to align landmark
configurations by removing variation in location, rotation, and scale so that only differences
in shape remained.32:33 Each landmark configuration was superimposed to align 5
homologous landmarks of the anterior cranial base but scaled to the unit centroid size of
the entire landmark configuration (see Table II; Fig 1). The resulting aligned landmark
coordinates were used as shape variables in subsequent analyses.

To model growth trajectories, multivariate regressions of the shape variables on age34:3°
were performed for each adult facial type, separately by sex. In this context, we specifically
refer to growth trajectories as changes in landmark configurations (ie, shape change) with
age. For each of the 6 facial type and sex combinations, 4 different models were fit (linear
to fourth-order polynomial). Leave-one-out cross-validation and mean squared error values
were used to select the best fit models. Predicted shapes were calculated for the 6 selected
models at 1-year age intervals, from 6-20 years, to represent annual mean shape estimates
for each trajectory. Pairwise permutation tests, described by Mitteroecker et al,3* were used
to test identical trajectories among the 3 facial types using the residual sum of squares as a
test statistic with 10,000 iterations.

Facial type growth trajectories were compared, by sex, using a principal component analysis
of age-shape space, which is a principal component analysis of the matrix of predicted shape
coordinates with an additional column for age (cf, Mitteroecker et al36). Growth patterns for
each facial type were visualized using wireframe plots to compare the shape change within
each trajectory at ages 6, 10, 14, and 18 years.3” Comparisons were also made between

the hyperdivergent and hypodivergent landmark configurations at these ages to visualize
morphologic differences between the most extreme facial types.

Three angular measurements, SNA (sella-nasion-point A), SNB (sella-nasion-point B), and
ANB (point A-nasion-point B), were calculated for each cephalogram to demonstrate

the change in anteroposterior (A-P) maxillomandibular relationships with age, across
facial types. Although relative maxillomandibular relationships are visualized using GMM,
the SNA, SNB, and ANB angles are provided for comparison as clinically important
cephalometric measurements for identifying interactions with anteroposterior relationships
(ie, Class I, 11, and I11). One-way analysis of variance with post-hoc Tukey’s Honest
Significant Difference test was used to test significant differences in each angle among
facial types by sex and age group. All analyses were performed in R using the Morpho,38
geomorph,3? and stats packages.*0

For each of the 6 facial type and sex combinations, quadratic models were selected for
multivariate regressions of shape variables on age (Table I11). In females and males,
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the first principal component axis of age-shape space describes variation in age and

patterns of age-correlated shape. When plotted against age, the second principal component
axis distinguishes hyperdivergent and hypodivergent trajectories, with the normodivergent
trajectory between them (Fig 2). The differences in growth trajectories represent unique
patterns of average craniofacial growth for each facial type. In females, the 3 trajectories
become increasingly parallel at older ages, whereas, in males, the hyperdivergent and
hypodivergent trajectories continue to diverge from the normodivergent trajectory. Raw data
for each individual are projected onto the age-shape axes to visualize the individual variation
within each facial type (Fig 2). Individual trajectories overlap among facial types, but
permutation tests indicate significantly different trajectories for each facial type (£<0.0003
for all comparisons) (Table V).

Growth patterns within each facial type trajectory are presented in Figure 3 by visualizing
predicted landmark configurations at ages 6, 10, 14, and 18 years by sex. In both females
and males, the hyperdivergent type exhibits slight anteriorly downward rotation of the
maxilla from ages 6 to 10 years, with little rotation occurring after age 10 years. The maxilla
also becomes relatively shorter with age, and the subnasal region (ANS-point A-prosthion)
becomes increasingly concave. At each subsequent age, the mandibular ramus becomes
more vertically oriented, resulting in a more anterior position of the condyle and coronoid
process with corresponding backward rotation of the corpus. The backward rotation of the
corpus also coincides with a relatively taller mandibular symphysis.

Slight downward rotation of the anterior maxilla from ages 6 to 10 years is also present

in the normodivergent and hypodivergent types. Similar to growth in the hyperdivergent
type, the normodivergent type exhibits a more vertical orientation of the mandibular ramus
but with no corresponding backward rotation of the corpus. As the normodivergent corpus
becomes relatively longer with age, the mandibular symphysis projects more anteriorly

with no change in relative height. The hypodivergent growth pattern does not depict as
much change in the orientation of the ramus, but the corpus rotates forward with a greater
projection of the chin. In both normodivergent and hypodivergent trajectories, the antegonial
notch flattens from ages 6 to 18 years.

In males, growth patterns within each facial type are very similar to those in females, but
the magnitude of shape change and degree of rotation is greater (Fig 3). In females, there is
less change in facial shape between ages 14 and 18 years, whereas there is still considerable
shape change between ages 14 and 18 years in males, likely an indication of an earlier
cessation of growth in females compared with males.

Comparisons of hypodivergent and hyperdivergent face shapes at different ages (Fig 4) show
that distinct morphologies are present at 6 years of age and persist to 18 years of age in

both sexes. At each age interval, the hyperdivergent face differs from the hypodivergent

face by a larger gonial angle with a more distinct antegonial notch, smaller posterior facial
height, shorter length of the posterior cranial base, a narrower mandibular ramus, anterior
(or forward) rotation of the ramus, backward rotation of the mandibular corpus, downward
rotation of the anterior maxilla, greater subnasal height, and greater upper and lower anterior
dentoalveolar heights (Fig 4). The more vertical orientation of the mandibular ramus in
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the hyperdivergent face results in a higher positioned condyle and coronoid process. The
lengths of the maxilla and mandible are relatively shorter and posteriorly positioned in the
hyperdivergent face compared with the hypodivergent face. Furthermore, the hyperdivergent
maxillary and mandibular incisors exhibit reduced overlap compared with hypodivergent
maxillary and mandibular incisors.

The smaller SNA and SNB angles in the hyperdivergent type demonstrate the retrognathic
positioning of both the maxilla and mandible compared with other facial types (Fig 5; Table
V). SNA and SNB angles increase with age to a lesser degree in the hyperdivergent group
than the hypodivergent and normodivergent groups. Furthermore, the hyperdivergent ANB
angle is, on average, larger compared with other facial types indicating a more retrognathic
mandible relative to the maxilla, but this difference is statistically significant at all ages only
in females.

DISCUSSION

In this study, we used GMM to evaluate and compare growth trajectories among different
clinical classifications of vertical facial divergence. The strength of GMM is the preservation
of geometric relationships and the orientation of structures as configurations of landmarks
allowing for the evaluation of coordinated patterns of vertical and anteroposterior growth in
the craniofacial complex. This landmark-based approach is novel to studies of craniofacial
growth related to clinical classifications of facial morphology as previous work has focused
on modeling the growth of linear distance measurements or isolated interlandmark angles of
the face. In contrast, GMM uses information about the spatial relationships among all of the
landmarks simultaneously.

Growth models based on distance measurements are very useful for evaluating the timing
and changes in growth velocity among individual measurements; however, traditional linear
cephalometries are poorly equipped to quantify the spatial relationships among variables

or measurements. For example, it is possible for landmark positions or orientations to
change from one configuration to another even if the linear distance itself does not

change. In this situation, shape change would be very difficult to detect by studying linear
measurements and would require a complicated simultaneous interpretation of multiple such
measurements; GMM is designed to overcome this challenge.

This study builds on previous analyses of growth related to vertical facial classifications

by identifying nuanced differences in the growth and orientation of facial components
among vertical skeletal facial types. The identification here of novel correlative anatomic
change provides a better understanding of structural relationships that can ultimately lead to
improved growth modification strategies. Differences in results among previous studies have
often been attributed to variation among sample populations and classification procedures.
Some studies have included only participants with the most extreme hyperdivergent and
hypodivergent conditions?8 or have restricted the sample to only those with Class |
malocclusion.® In this study, we included all participants within the classification ranges

to fully represent the variation within each facial type. Furthermore, we include all
participants with Class 1, I1, and 111 malocclusions to examine the full range of vertical

Am J Orthod Dentofacial Orthop. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Knigge et al. Page 7

and anteroposterior relationships across facial types. We also determined facial type
classifications using cephalograms in the oldest age group (18-20 years). This approach
allows for maximum morphologic distinction among facial types and assessment of how the
adult facial morphology was achieved during growth and development. Other studies have
classified participants during the adolescent growth spurt,24:17:18:41 or during childhood.®

This analysis indicates that some differences in average morphology among the 3 facial
types are established by 6 years of age, as previously noted.61° Nevertheless, here we

show that each type follows a unique average growth trajectory until adulthood, indicating
different adolescent growth patterns, 241741 with hypodivergent and normodivergent growth
patterns more similar to each other than either is to the hyperdivergent growth pattern (Fig
2). These findings suggest the need for a nuanced interpretation of growth when attempting
to estimate future face shape that accounts not only for early established differences in
morphology but also the distinct growth trajectories among facial types that will further
contribute to differences in face shape at later ages.

The differences in growth trajectories among facial types also vary by sex. Male trajectories
continue to diverge through 20 years of age, whereas the female trajectories become nearly
parallel by age 18 years (Fig 2). The near-parallel trend in females compared with males

is likely the result of the earlier cessation of adolescent craniofacial growth in females than
males, with minor changes in later facial shape from postadolescent growth.#2 The diverging
male growth trajectories reflect the continued differential growth of craniofacial structures
and would be expected to approach a near-parallel configuration, similar to females, during
postadolescent growth.

The results of this study suggest that morphologic differences between hyperdivergent
and hypodivergent types result from coordinated changes in the orientation of the maxilla
and mandible relative to the anterior cranial base, in conjunction with differences in
anterior facial growth. In comparison with the average hypodivergent configurations, the
hyperdivergent mandible and maxilla are rotated downward and backward, relative to

the anterior cranial base, resulting in superior and anterior positioning of the mandibular
condyle, downward rotation of the palatal plane anteriorly, and backward rotation of the
mandibular corpus (Fig 4). The degree of rotation is greatest in the corpus. Backward
rotation of the mandibular corpus in the hyperdivergent configuration also corresponds with
an increase in relative lower anterior facial height, in contrast to the forward mandibular
rotation and reduction in relative lower anterior facial height exhibited in hypodivergent
growth. Differences in both posterior and anterior facial heights among facial types,
manifest in part by coordinated maxillomandibular orientation, are supported by previous
work.1722 Qur results contrast with Nanda? and others##1:43 who have argued that these
morphologic differences are associated primarily with differential growth in the vertical
anterior dimensions of the face with little difference in posterior facial height among
classifications.

When facial type was determined using the ratio of lower anterior facial height to total
anterior facial height, rather than MPA, Enoki et al*3 found that participants with smaller
lower anterior facial heights (ANS-Me) have palatal planes that are rotated downward
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compared with participants with greater lower anterior facial height. Despite the noted
difference in the angle from the mandibular plane to the palatal plane, Enoki et al*3 found
there was no difference in MPA by facial type. This contrasts with the findings of the
current study that identify downward palatal plane rotation in the hyperdivergent face with

a corresponding increase in lower anterior facial height. These contrasting results may stem
from the use of different classification systems; the MPA in the current study and the ratio of
lower anterior facial height to total anterior facial height by Enoki et al 43

As demonstrated by both the geometric and traditional morphometric analyses in this
study (Figs 3 and 5), the hyperdivergent maxilla and mandible are relatively shorter and
posteriorly positioned than the hypodivergent facial type, with this difference becoming
more pronounced with age. In the hyperdivergent face, the relative anterior positioning of
the mandible does not change substantially, but the maxilla becomes relatively shorter with
age. Conversely, the hypodivergent face exhibits an increase in relative mandibular length
with age, but relative maxillary length remains unchanged. These results are contrary to
those found by Bishara and Jakobsen® and Opdebeeck et al,8 who identified no difference
in mandibular or maxillary length among facial types. Our results are supported by the
A-P relationships of the maxilla and mandible found by Joseph et al'# using SNA and
SNB angles, and Opdebeeck et al® also find a more retrusive position of the maxilla in the
hyperdivergent group.

The observations reported in this study have clinical implications for understanding how
and when features associated with vertical facial divergence arise. The identification of
morphologic features indicative of facial divergence at younger ages can help improve the
capacity of clinicians to diagnose and treat participants. Gonial angle and dentoalveolar
height are mandibular features previously identified as good predictors of adult facial type
at young ages.19 In this study, these features, in addition to the depth of the antegonial
notch and height of the subnasal maxillary region as described above, were also found to
distinguish hyperdivergent and hypodivergent facial patterns at 6 years of age.

Furthermore, patterns of facial divergence are often associated with different types of
malocclusion. This analysis demonstrates how the A-P relationships of the maxilla and
mandible change with age across facial types. In the normodivergent and hypodivergent
types, forward rotation and elongation of the mandible, while maintaining proportional
growth of the maxilla, effectively reduces the ANB angle over time. However, the A-P
positioning of the mandible relative to the maxilla in the hyperdivergent face does not
change substantially, with slightly greater anterior growth of the mandible than the maxilla.
This suggests a greater propensity for maintaining a higher ANB angle and Class |1
malocclusion in the hyperdivergent group.

CONCLUSIONS

In this study, we find distinct patterns of craniofacial growth among the 3 classifications

of vertical facial morphology (hyperdivergent, normodivergent, and hypodivergent). Patterns
of growth are more similar among normodivergent and hypodivergent groups, with the
magnitude of change being greater in the latter. Key morphologic differences among facial
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types were already present by age 6 years and intensified through adolescence. Much of

the variation is concentrated in the shape and growth of the mandible, but differences

were also present in the orientation and relative A-P dimension of the maxilla, indicating
different patterns of coordinated maxillary and mandibular growth. Specifically, these results
demonstrate that the downward and backward rotation of both the maxilla and mandible in
conjunction with restricted relative maxillary growth in the hyperdivergent face may lead to
increased risk for Class Il malocclusions. Further analysis is needed to identify under what
conditions vertical hyperdivergence may result in satisfactory or deficient A-P growth. This
study will serve as a foundation for future work evaluating growth patterns within facial
types and in conjunction with other vertical and A-P malocclusions.
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Fig 1.

Depiction of cephalometric landmarks used in this study. Landmark numbers correspond to
descriptions in Table Il. Landmarks 18, 19, 32, 33, and 34 represent homologous points of
the anterior cranial base used in superimposition.

Am J Orthod Dentofacial Orthop. Author manuscript; available in PMC 2021 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Knigge et al. Page 13

Females

0.101

0.051 G = — —=

Age-Shape PC2

-0.051

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Males

0.10+

o
o
(9]
|

|

o
o
=

Age—-Shape PC2

-0.051

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Age

== Hypo-divergent == Normo-divergent == Hyper-divergent

Fig 2.

A%Iot of second principal component (PC2) of age-shape space against chronological
age for females (fop) and males (bottom). Each line represents a growth trajectory

(ie, shape change of a landmark configuration) with age. The thick lines represent the

average trajectories for each facial type, with thin lines representing participants (b/ue,
hypodivergent; yel/low, normodivergent; and green, hyperdivergent).
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Hyper-divergent Normo-divergent Hypo-divergent

Fig3.

Visualization of the shape change along each facial type and sex growth trajectory shown in
Figure 2 as represented by landmark configurations estimated at ages 6 (gray), 10 (green),
14 (yellow), and 18 (blue) years.
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Males

Fig 4.

Di%‘ferences between the average hyperdivergent (green) and hypodivergent (6/ue) landmark
configurations at ages 6, 10, 14, and 18 years. The landmark configurations represented

by wireframe plots are the predicted configurations from the average growth trajectories
depicted in Figure 2.
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Fig 5.

Plots of SNA, SNB, and ANB angles by facial type for each age group. Points are medians
and whiskers show the range for the 25th to 75th percent quantiles. Left column, females;

right column, males.
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Table lll.

Model comparison of the mean squared error using leave-one-out cross-validation

Classification Linear  Second-order  Third-order  Fourth-order
Females
Hyperdivergent  0.01048 0.01045 0.01047 0.01045
Normodivergent  0.01204 0.01198 0.01198 0.01199
Hypodivergent 0.01252 0.01241 0.01241 0.01247
Males
Hyperdivergent ~ 0.01107 0.01107 0.01109 0.01119
Normodivergent  0.01047 0.01039 0.01039 0.01039
Hypodivergent 0.01046 0.01041 0.01043 0.01045
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Table IV.

Pvalues from pairwise permutation tests with 10,000 iterations

Males\females  Hyperdivergent Normodivergent Hypodivergent

Hyperdivergent - 0.0003 0.0001
Normodivergent 0.0001 - 0.0002
Hypodivergent 0.0001 0.0001 -

Note. Females, upper triangle; males, lower triangle.
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