Patterns of vertical growth in the face
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The purpose of this study was to examine the patterns of facial growth development in subjects with
skeletal open-bite and skeletal deep-bite faces. Longitudinal data based on lateral cephalometric
radiographs of 16 male and 16 female subjects, ages 3 through 18 years, were used. These subjects
were selected on the basis of lower face height as a percentage of total face height. Persons
exhibiting extreme values were selected to create four groups with eight subjects in each group.
Curves of absolute and incremental growth for total anterior face height, upper anterior face
height, lower anterior face height, posterior face height, and ramal length were analyzed statistically
and graphically. It was established that the anterior dimensions of the face demonstrated
typologically divergent patterns of development in open- and deep-bite faces. Further, the posterior
dimensions of the face did not discriminate between these two typological groups. The female
open-bite subjects were earliest in the timing of the adolescent growth spurt, followed in succession
by deep-bite female subjects, open-bite male subjects, and finally the deep-bite male subjects.

The clinical implications of these observations pertain to the timing of orthodontic treatment, the
length of retention period, and the prediction of adult occlusal status during the mixed dentition.

(AM J OrTHOD DENTOFAC ORTHOP 1988;93:103-16.)

Two distinct types of facial form have been
characterized in the literature as ‘‘skeletal open bite”
or hyperdivergent and ‘‘skeletal deep bite’’ or hypo-
divergent.'? Persons with relatively long or dispropor-
tionately excessive anterior lower facial heights have
also been described by the term *“long face syndrome.””*

In terms of facial type, an open bite is associated
with excessive lower anterior face height relative to the
upper face height. Posterior face height tends to be
approximately one half the size of the total anterior face
height, while ramal length is short. Thus, the discordant
dimensions produce a cumulative effect that results in
an excessive anterior face height. Most of the charac-
teristics of the ‘deep-bite face are directly opposite to
those of the open-bite configuration.

Several linear dimensions have been studied per-
taining to the vertical development of the face. These
studies have demonstrated that total anterior face height
is relatively large in persons with open-bite faces and
reduced in persons with deep-bite faces when compared
with the average.*'® On the other hand, it should be
noted that several investigators®'*'>'¢ have suggested
that one of the key factors contributing to the open-bite
morphology is a reduction in the posterior height of the
face.

Many investigators have confirmed the strong in-
fluence of lower anterior face height on the formation
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of vertical facial disproportions. ‘‘Open-bite’” subjects
are characterized by larger lower vertical face heights
when compared with ‘‘deep-bite’’ subjects.!>37:511:17-20
In reference to the upper anterior face height, Bjork’®
and Schendel and associates® reported an excessive ver-
tical height of the maxilla in ‘“‘open-bite’’ subjects,
while Hapak'' and Fields and associates® observed nor-
mal upper facial dimensions. These findings are in con-
trast to those of Atherton,? Muller,® Nahoum,'? and
Siriwat and Jarabak,” who reported a relative defi-
ciency in the vertical maxillary dimension in open-bite
subjects.

With respect to posterior facial morphology, Bjork®
contended that ramal height is excessive in open-
bite subjects. This finding is not in agreement with
the observations of Swinehart,* Sassouni,’’ Muller,?
Schudy,? and Sassouni and Nanda,' all of whom re-
ported a considerable deficiency in this dimension,
while Fields and associates® observed no differences
in posterior facial height among open-bite and deep-
bite groups. In the ‘‘deep-bite’” facial type, the relevant
linear dimensions of the face present a comparable de-
gree of variation as in the open-bite type, but in opposite
proportions. The expression of disharmonious propor-
tions in the facial skeleton can be attributed to the failure
of normal, coordinated growth of the various regions
of the craniofacial complex in terms of timing, mag-
nitude, and direction.?

Trouten and associates® conducted skeletal analyses
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Table 1. Comparison of lower face height (LFH) as a percentage of total anterior face height (TAFH) for
open- and deep-bite subjects (mean age: female subjects 13 years 6 mos; male subjects 15 years)

Percentage of LFH 1o TAFH

Male subjects

Female 'subjects

Mean SD Range Mean SD Range
Open bite 60.65 1.2 59.48-63.24 59.67 2.4 57.62-62.03
Deep bite 53.61 1.3 52.34-54.92 53.27 1.2 48.27-55.45
Fields and Subtelny
associates” . and Sakudad® Hapak"
Open bite 58.0 58.5 58.0
Normal 56.0 55.1 —
Deep bite 54.0 — —

of dental open- and deep-bite subjects predicated upon
comparison of hypothetic cephalometric measurements
based upon Enlow’s counterpart analysis. These authors
contended that a combination of thé various parts of
the craniofacial comiplex is the basis for the vertical
dysplasias. Thus, the morphologic basis of an open bite
is associated with a large gonial angle, lack of com-
pensating curve of Spee, large vertical posterior max-
illary dimension, anteroposterior rotation of maxilla and
mid-cranial fossa, and long mandibular corpus. In the
deep-bite subjects, the deviations are essentially op-
posite to the open-bite subjects. Bjork® and Sassouni'”’
recognized comparable deviations and explained the
role of specific structural imbalances. According to
these authors, it is particularly relevant to recognize that
simultaneous presence of all deviations in the formation
of open and deep bites is not required to affect the
vertical dysplasia. To date, only one study using lon-
gitudinal data” has specifically examined the patterns
of development in persons with sagittal and vertical
dysplasias of the facial skeleton. Bishara and Jakobsen®
described dental and skeletal morphologies using lon-
gitudinal data from subjects placed into three. groups
on the basis of the ratio of posterior to anterior face
height and the Frankfort to mandibular plane angle.
The specific values differentiating the groups were not
identified. The subjects used in Bishara and Jakobsen’s
study*’” had acceptable occlusion and no facial dishar-
mony. Similar data® were reported previously to de-
scribe the facial changes. Most of the parameters
reported”’ to discriminate the morphology of open- and
deep-bite subjects were not significant. It should be
noted that the sample used in Bishara and Jakobsen’s?’
study was based upon range of normal relationships.
Most of the studies have been limited to the use of

cross-sectional cephalometric data during adolescence
(9 to 13 years of age). Several investigators differen-
tiated their sample simply on the presence or absence
of dental anterior open or deep bite.”? Others selected
subjects on the basis of proportions of morphologic face
height and the mandibular plane angle.'* The conclu-
sions based upon these studies are ambiguous, have led
to confusion, and no composite picture of pattern of
development associated with vertical dysplasias has
emerged, preventing appropriate comparison of data
from different studies.

. The purpose of the present study was to examine
the developmental patterns in the faces of persons ex-
hibiting divergent vertical dysplasias. Two fundamental
questions were investigated:

1. At what point in postnatal development is it pos-
sible to recognize the establishment of facial patterns
in opén-bite and deep-bite subjects?

2. Do the facial patterns, once identified, tend to
persist throughout development?

MATERIALS AND METHODS
The sample

Longitudinal data from annual lateral radiographs
of 16 male and 16 female subjects, covering an age
span from 3 through 18 years, were used in this study.
These data were collected under the auspices of the
Child Research Council in Denver, Colo. All subjects
were white and had not received orthodontic treatiment.

The 32 subjects were drawn from a total sample
of 250 persons on the basis of lower face height
(ANS-ME) as a percentage of morphologic face height
(N-ME). The persons exhibiting the most extreme val-
ues at both ends of the distribution were selected to
create four groups with eight subjects in each group.
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Fig. 1. Cephalometric landmarks used to construct the five lin-
ear measurements analyzed in this study. Mandibular planes
used to establish gonion are indicated by broken lines.

Thus, the facial groups represented subjects with either
disproportionately large or small lower anterior face
heights, subdivided by sex. The means, standard de-
viations, and ranges of the percentages of lower face
height to total anterior face height for each group are
listed and compared with data published in the literature
(Table I). It should be noted that the selection of these
subjects was made on the basis of skeletal relationships
without reference to clinical evaluation of the occlusion
per se. The values relating to lower face height of the
subjects used in this study, as shown in Table I, ex-
ceed the values determined for characterizing skeletal
open- and deep-bite subjects by a number of investi-
gators.>'!?!

For the purpose of selecting the subjects, a single
radiograph was used to determine the relative lower
face height for each person. These radiographs were
taken at approximately 15 years of age for male subjects
and 13 years 6 months of age for female subjects. These
specific ages were selected in order to approximate the
stage of development beyond the peak year of the ad-
olescent growth spurt.”?!

From an analysis of the literature,”>'! it was
ascertained that five specific linear cephalometric di-
mensions were the best discriminators of the subjects
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Fig. 2. Absolute and incremental curves for five height mea-
surements of the face plotted for single subject.

with vertical facial dysplasia. These linear distances can
be defined as follows (Fig. 1):
1. Morphologic face height - (TAFH) = nasion-
menton
2. Upper anterior face height (UAFH) = nasion-
anterior nasal spine
3. Lower anterior face height (LAFH) = anterior
nasal spine-menton
4. Posterior face height (TPFH) = sella-gonion
5. Ramal height (RH) = articulare-gonion

Analysis

The data were analyzed by graphic and statistical
methods in order to present individual and group find-
ings. For each subject absolute and incremental curves
were constructed for the five dimensions (Fig. 2). These
curves were used as a basis for plotting the absolute
curves of growth for each of the five dimensions for
each of the four groups. For those subjects with missing
data at any age, a polynomial regression was calculated
for each of the five measurements in order to obtain an
interpolated value.

Descriptive statistics for each group at each age
were calculated for yearly absolute values of each of
the five dimensions between 4 and 18 years. Analyses
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Table Il. Descriptive statistics on the absolute values (mm) for three anterior facial dimensions from 4 to 18

years of age for the four groups

Male open bite

Male deep bite

Female open bite Female deep bite

Age
( yéi‘ ) Mean SD Mean SD Mean SD Mean SD
Total anterior face height
4 91.3 3.3 93.3 6.2 88.3 3.2 85.1 5.9
6 99.8 3.1 96.7 5.5 95.0 2.6 91.5 4.5
9 107.1 35 103.3 5.4 103.3 3.9 100.1 4.2
12 114.3 3.6 108.9 5.7 110.4 4.0 106.7 4.2
15 122.2 5.6 1159 5.6 114.0 4.4 111.7 4.9
18 128.6 5.8 123.9 5.3 117.1 5.0 113.7 5.9
Upper anterior face height )
4 36.4 1.5 40.5 27 36.5 2.2 35.3 2.9
6 40.4 1.5 43.1 2.5 39.4 2.5 40.1 2.6
9 44.3 1.7 47.8 23 42.9 34 45.8 2.9
12 47.8 2.5 51.0 2.3 46.8 3.2 49.3 2.9
15 50.4 2.9 54.5 2.6 48.0 4.1 512 2.5 -
18 52.3 2.9 58.0 2.4 48.6 4.6 514 2.9
Lower anterior face height
4 57.4 2.7 49.9 9.7 53.9 2.3 51.0 3.2
6 62.1 29 52.5 7.8 56.7 3.1 53.2 2.7
9 65.0 2.5 56.6 3.5 61.3 2.4 55.3 i.9
12 68.7 2.0 59.2 3.9 64.5 2.8 58.1 2.5
15 73.9 4.2 62.6 4.0 67.9 34 61.2 3.1
18 78.7 5.4 66.4 4.7 70.8 4.1 63.2 3.2

Table Iil. Descriptive statistics on the absolute values (mm) for two posterior facial dimensions from 4 to

18 years of age for the four groups

Male open bite

Male deep bite

Female open bite Female deep bite

Age
(y‘i) Mean SD Mean SD Mean SD Mean SD
Total posterior facial height
4 55.4 1.6 56.2 2.8 53.1 2.8 52.7 6.1
6 61.2 1.8 60.3 2.9 57.8 1.9 58.7 5.9
9 66.3 2.8 65.5 2.5 64.2 2.8 63.9 5.6
12 71.4 2.4 70.1 3.1 68.9 33 69.2 53
15 77.0 3.7 75.7 4.1 72.8 3.8 74.0 5.3
18 81.6 4.6 82.5 4.8 76.0 5.9 76.3 4.9
Ramal height
4 331 2.7 34.2 2.2 30.8 1.9 32.6 4.9
6 36.8 2.5 36.7 2.7 33.6 1.4 35.9 39
9 39.1 2.2 . 38.7 2.6 36.5 2.0 38.5 3.9
12 42.8 1.9 41.7 2.9 40.8 3.5 41.2 3.5
15 46.3 2.6 45.2 2.9 43.3 2.9 45.1 3.9
18 50.1 2.8 50.4 3.7 46.0 4.8 46.9 4.1

of variance were performed to test for the overall effects
of age, vertical proportions (open bite or deep bite),
sex, and the interaction of these factors. Pairwise com-
parisons were made between open-bite and deep-bite
groups within each sex (MO-MD, FO-FD) and between
sexes (MO-FO, MD-FD), and their combination of
counterpart groups (MO-FD, MD-FO). The orthogonal

contrasts between open bites and deep bites in male
and female subjects were determined. The level of sig-
nificance for each comparison was predetermined at an
alpha level of 0.05. The F test, using the Bonferroni
procedure for pairwise comparison, was applied to de-
termine the significance of difference between the mean
values.
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Fig. 3. Mean absolute curves of growth for total anterior face
height for open-bite and deep-bite subjects segregated by sex.

The results of this study will be presented in four
sections: (1) typological differences in the cumulative
growth curves, (2) typological differences in facial pro-
portions over time, (3) percentile attainments in the total
anterior face height and its components, and (4) rela-
tionship of typological differences to the adolescent
growth spurt.

RESULTS

The F test, using the Bonferroni procedure for pair-
wise comparison, indicated that the lower face height
taken as a percentage of total face height discriminated
the open-bite and deep-bite subjects within each sex
(P < 0.0001). However, comparison of the sexes
within each group showed no significant differences.
These findings confirm the appropriate use of percent-
age of lower anterior face height as the criterion to
select the subjects representing the open-bite and the
deep-bite categories. Descriptive statistics on the ab-
solute values for five facial dimensions are reported in
Tables II and III.

Typological differences in the cumulative curves
of growth

Total anterior face height. Graphic representation
of growth curves for anterior face height for the open-
and deep-bite groups shows the classical pattern of sex-
ual dimorphism in the earlier attainment of a plateau
in female growth curves and the greater absolute values
at each chronologic age for the male subjects within
each facial type (Fig. 3). Within each sex typological
differences were clearly evident in the greater dimen-
sional attainment of the open-bite subjects at each chro-
nologic age, with the minor exception for the deep-bite
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Fig. 4. Mean absolute curves of growth for upper anterior face
height for open-bite and deep-bite subjects segregated by sex.
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Fig. 5. Mean absoiute curves of growth for lower anterior face
height for open-bite and deep-bite subjects segregated by sex.

male subjects during the short period from 4 to 5 years
of age. The male deep-bite and the female open-bite
curves were congruent until sexual dimorphism was
manifested at 11 years of age. Until the initiation of
the prepubertal spurt in the male subjects at approxi-
mately 14 years of age, values for the female subjects’
total face height actually exceeded those for the male
subjects. Subsequently, the corresponding curves were
widely separated. The area of overlap at puberty in
which the female open-bite subjects exceeded the values
for the deep-bite male subjects suggests that typological
factors were greater than normal sex differences. This
observation is supported by a comparison of the values
for the male open-bite and the female open-bite sub-
jects. Viewed graphically, it appeared that typological
differences were established as early as 6 years of age,
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Fig. 6. Mean absolute curves of growth for total posterior face
height for open-bite and deep-bite subjects segregated by sex.
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Fig. 7. Mean absolute curves of growth for ramus height for
open-bite and deep-bite subjects segregated by sex.

even before the eruption of the permanent dentition and
long before adolescence. :

Upper anterior face height (Fig. 4). Attainment of
size increases of upper face height is quite different
from that observed for total anterior face height. In
both sexes the deep-bite groups were characterized by
larger UAFH dimensions than the open-bite subjects.
The curves of both sexes for deep-bite subjects ran
parallel from 8 to 14 years of age. At this age sexual
dimorphism resulted in a divergence. The relative po-
sitioning of the mean curves demonstrated that upper
face height was larger for deep-bite groups in both
sexes.

The mean cumulative growth curve for the female
deep-bite subjects was positioned halfway between
those of the male deep-bite and the male open-bite
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Fig. 8. Comparison of the ratios of upper face height and lower

- face height by sex and facial type.

curves from 8 to approximately 17 years of age. The
intermediate position of the female deep-bite curve was
caused by a pronounced acceleration approximately: at
8 years of age. At 18 years of age, however, the female
deep-bite and the male open-bite subjects were virtually
indistinguishable dimensionally due to the early attain-
ment of the plateau in the female subjects and the later
growth of the male subjects.

Lower anterior face height (Fig. 5). The absolute
growth curves for lower anterior face height showed
a typological difference similar to TAFH between
open bite and deep bite in both sexes. This difference
was so pronounced that the female open-bite values
well exceeded the corresponding values for male deep-
bite subjects. In this sense typological differences ne-
gated sexual dimorphism. Thus, the pattern observed
for growth in the lower anterior face height represented
a complete reversal from that described for upper an-
terior face height and facial types provided a better
discriminator for growth attainments than gender.

Total posterior face height (Fig. 6). In contrast to
the anterior facial dimensions, the growth curves for
total posterior face were tightly clustered and therefore
not segregated by type for either sex. The greater values
for both male groups and the divergence of the curves
at adolescence reflected sexual dimorphism in magni-
tude of attainments.

Ramal height (Fig. 7). The growth curves for ramal
height were clustered fairly well. This was not sur-
prising since ramal height is a major contributor to
posterior facial height. No typological pattern was dis-
cernible. No significant differences were found for
TPFH (total posterior face height) and RH (ramal
height) by facial type within the sexes (Table 1V).
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Table IV. Bonferroni test of significance differences (P values) between open- and deep-bite groups for

three anterior dimensions of the face

Age MO-MD FO-FD T MO-FO | MD-FD —[ MO-FD MD-FO
4 years

TAFH NS NS NS R * *

LAFH wHk NS NS NS Fkokok NS
6 years

TAFH NS NS * *k Hokkk NS

UAFH * NS * * NS *xx
9 years '

TAFH NS NS NS NS Hkk NS

UAFH * * NS NS NS HxF

LAFH EES 23 Fkkk EE 33 NS 33 33 £33
12 years

TAFH * NS NS NS Fkk NS

UAFH * * NS NS NS *xE

LAFH EL 3 kg EX 3 3 Ns kxR Hk
15 years

TAFH * NS *EE NS Fokoks NS

UAFH *® * NS * NS Kk
18 years

UAFH £ 23] NS * ook NS skokk

LAFH dkkok sekk Fkk * ks *

MO = Male open bite; MD = male deep bite; FO = female open bite; FD = female deep bite.

*P < 0.05. #*P < 0.01. #*+P < 0.001. ***+p < 0.0001.

Typological differences in facial proportions

To further demonstrate typological and sex differ-
ences, comparisons of the relative dimensional in-
crease were evaluated by plotting the absolute size of
facial dimensions against corresponding ages (Figs. 8
through 14).

Upper anterior face height versus lower anterior
face height (Fig. 8). When the absolute dimensions for
upper face height were plotted against those of lower
face height for the four groups, the curves were clearly
segregated by facial type in both sexes. The slope of
the curves for the deep-bite groups indicated that the
upper face height was growing more rapidly. In con-
trast, the slope of the curves for the open-bite groups
showed the lower face height to be greater. This plotting
of the raw data places the focus upon typological dif-
ferences and deemphasizes sexual dimorphism. The
two female group curves fell between the two male
curves. The deep-bite male subjects were ahead of the
deep-bite female subjects and the open-bite female sub-
jects were ahead of the open-bite male subjects, thus
diminishing sex differences.

Lower anterior face height versus posterior face

height (Fig. 12). Plotting of the dimensions for lower
anterior face height against total posterior face height
clearly segregated the subjects in terms of facial type.
As might be anticipated, the relative positions of the
four curves represented a direct reversal from the order
obtained on the basis of upper face height plotted
against total posterior face height (Fig. 11). The slope
of the curves showed a remarkably greater relative in-
crease in lower face height in open-bite groups as op-
posed to the deep-bite subjects.

After 7 years of age, the deep-bite curves for both
male and female subjects were congruent, and this re-
lationship persisted throughout the growing period.
Conversely, in the open-bite groups, the sex differences
were established at an earlier age {even before the be-
ginning of the mixed dentition) and were maintained
throughout the growing period.

Upper anterior face height versus ramal height
(Fig. 13). As anticipated from earlier comparisons, the
plotting of upper face height against ramus height re-
sulted in a pattern of distribution of the curves that was
comparable to that obtained when upper anterior face
height was plotted against posterior face height.
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Fig. 10. Comparison of the ratios of posterior face height and
total anterior face height by sex and facial type. The four curves
are remarkably parallel and are closely approximate in distance.
Graphicaily, there is a slight suggestion of typological difference
between deep-bite and open-bite groups, with the total anterior
face height somewhat decreased in the deep-bite groups rel-
ative to total posterior face height.

A greater relative increase in upper face height was
evident in the deep-bite group as opposed to open-bite
subjects. Again, sexual dimorphism was submerged rel-
ative to the differences in facial type. The typological
differences became increasingly more apparent after 8
years of age. The same phenomenon was observed
when upper anterior face height was plotted against total
posterior face height.
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Fig. 11. Comparison of the ratios of upper face height and
posterior face height by sex and facial type. In this comparison
there is a distinct difference between the open- and deep-bite
curves. It is interesting to note that the female groups start
together but become segregated by 8 years of age, while the
male groups are clearly segregated throughout the progression
of growth from 3 to 18 years of age.
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Fig. 12. Comparison of the ratios of lower face height and total
posterior face height by sex and facial type.

Percentile attainments in the total anterior face
height and its components

In this section the values for total anterior face
height have been converted into percentile curves show-
ing the percentage of attainment at each chronologic
age using the absolute size at 18 years of age as 100%
attainment. In addition, the absolute values of upper
and lower anterior face heights have been calculated as
the percentage of total anterior face height at each chro-
nologic age.

Total anterior face height (Fig. 15). Plots of the
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Fig. 14. Comparison of the ratios of lower face height and ramus
height by sex and facial type. The four curves clearly segregate
the four groups by facial type and essentially eliminate the ef-
fects of sexual dimorphism. As would be expected, the posi-
tional sequence of the curves in the graph is reversed from that
of the plotting for upper anterior face height.

percentile curves for total anterior face height empha-
sized the characteristics of sexual dimorphism that are
frequently observed for many dimensions of the body.
At each chronologic age, the two female groups were
closer to their ultimate size (here taken at 18 years)
than the male subjects. The remarkable concordance
between the two female curves essentially eliminated
all typological differences.

In the male subjects, however, some typological
difference was suggested at adolescence. The open-bite
males appeared to reach adolescence at an earlier age
and exceeded the values for the deep-bite males from
11 years to 16 years of age. The more slowly growing
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Fig. 16. Curve of growth of upper anterior face height taken as
a percentage of total face height.

deep-bite males exhibited the classic sigmoid curve
configuration at adolescence, with a pronounced spurt
of growth. Nevertheless, analysis of variance failed to
demonstrate any significant differences between the
male open-bite and deep-bite values (Table V). This
test indicated that for total anterior face height, there
are no significant differences between facial types. Sex
differences were highly significant in both intra- and
intertypological comparisons.

Upper anterior face height taken as a percentage
of total face height (Fig. 16). The sequential change in
proportions at different ages is demonstrated by a com-
parison of the relative size of the upper face in the open-
bite and deep-bite groups.

The curves for each facial type showed differences
in magnitude and relative rates of growth. The relative
magnitude of upper face height was increased in deep-
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Table V. Bonferroni test for pairwise comparisons of sex differences and facial types for anterior face
height as a percentage of total anterior face height at 18 years

Age
(ygr) MO-MD FO-FD MO-FO MD-FD MO-FD MD-FO
4 * NS * NS * NS
6 NS NS * NS * *
9 NS NS ok ko o .
12 NS NS wkk Sokekok e Hekkok
15 NS NS L2 Hksiek HEk gk

*¥*P < 0.05. ¥*P < 0.01. %P < 0.001. ****p < (0.0001.

Table VI. Bonferroni test for pairwise comparisons of sex differences and facial types: Upper face
height/total face height based upon percentage attainments at different chronologic ages of adult size at

18 years
Age
(yr) MO-MD FO-FD MO-FO MD-FD MO-FD MD-FO
9 skedeskok EE 23 * * dkkk *
12 kK EEES ET T KFkk NS
18 Heokksk &3k NS NS kg Hkkok

*P < 0.05. **P < 0.01. **+P < 0.001. ***+P < (,0001.

bite subjects of both sexes as compared with the open-
bite groups. For most of its length, the male deep-bite
curve was positioned halfway between the female deep-
bite and female open-bite curves. Thus, the typological
difference has blurred the sexual dimorphism. The pat-
terns of the growth curves were established at a fairly
early age and maintained during the progression of
growth.

At 4 years of age, the relative size of upper face
height in the male deep-bite group was significantly
greater (Table VI) than in the male open-bite subjects.
This difference persisted until 14 years of age when the
adolescent growth spurt in the deep-bite group actually
increased the difference between the two groups. When
the upper face height was taken as percentage of total
anterior face height, then it must be noted that the deep-
bite male subjects attained a value at 12 years of age
that exceeded the ultimate value of the open-bite male
subjects at adulthood.

Statistical analysis of upper face height taken as
percentage of total anterior face height (Table VI) in-
dicated that highly significant differences exist between
the facial types. The Bonferroni test further supported
the interpretation of the graphic data that typological
differences tended to override sexual dimorphism.

Lower anterior face height taken as a percentage

of total face height. Fig. 17 demonstrates that the
growth behavior of lower anterior facial height is almost
the reciprocal of upper face height. The sequence of
the curves is reversed, while the distances between the
curves remain essentially comparable. Lower anterior
face height in the open-bite male subjects achieved a
percentage of total anterior face height by 12 years of
age. This exceeded the value obtained by the deep-bite
male subjects at adulthood.

- The test for paired comparisons showed highly sig-
nificant differences between facial types within both
sexes at 6 years of age in the male open- and deep-bite
subjects, and at 9 years of age for the female subjects
(Table VII).

Relationship of typological differences to the
adolescent growth spurt

The mean values and standard deviations for the
five facial dimensions in each of the four groups are
shown in Table VIII and are depicted graphically in
Fig. 18, with the year of maximum growth of the five
dimensions studied documented for each of the four
groups.

The clustering of the data is suggestive of a gradient
in the timing of the pubertal spurt, with the earliest
spurts occurring in the female open-bite subjects fol-
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Fig. 17. Curve of growth of lower anterior face height taken as
a percentage of total face height.

lowed in order by the female deep-bite, male open-bite,
and finally the male deep-bite subjects. The Bonferroni
correction for pairwise comparison, however, showed
a significant difference only for the measurement of
total posterior face height between the male deep-bite
and male open-bite groups (Table IX). The MD-FO
column in Table IX clearly demonstrates that extremes
of facial type override sexual dimorphism in terms of
timing of maximum growth.

DISCUSSION

The data reported in this study are discussed here
with respect to:
1. The significance of facial growth patterns and
their influence in the determination of facial form
2. Facial form and sex differences in the timing of
the adolescent growth spurt
3. Clinical implications

Growth patterns

Many previous efforts have been made to charac-
terize the differences in vertical facial types and to
discriminate the two extremes. However, apart from a
description of observed morphologic differences, there
is a lack of understanding concerning the dynamics that
typify the development of vertical dysplasias.

The evidence presented in this study indicates that
the patterns of development of the open- and deep-bite
faces, as demonstrated by both the cumulative and the
percentile growth curves, are established at an early
age. These divergent patterns are evident even before
the eruption of the permanent teeth and long before the
adolescent growth spurt.

It is important to note that the dimensions of total
anterior face height, upper face height, and lower face
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Fig. 18. Schematic representation showing the timing of the
peak of the pubertal spurts for the five dimensions.

height demonstrate remarkable typological differences
that diminished the effects of sexual dimorphism. Fur-
ther, the magnitude of the dimensional differences be-
tween the open-bite and deep-bite configurations be-
comes progressively accentuated during adolescence.
These observations point to the significance of differ-
ential growth of the upper and lower components of
the face. Although vertical facial type was definable
early and remains characteristic for the individual,
deep- and open-bite patients actually seem to grow dif-
ferently up to their attained mature size.

The association of facial type with dimensional at-
tainments is illustrated by the fact that upper and lower
face heights have an inverse growth relationship. In the
deep-bite subjects, upper face height is increased, while
in the open bite subjects the lower face height is in-
creased. As a result these proportional shifts produce
a typological size gradient that (even) overrides sexual
dimorphism.

The fact that the curves for posterior face height
and ramal height do not discriminate between the two
typological groups in either sex suggests that the dif-
ferences reside in the anterior segments of the face. The
same is not true of the posterior dimensions. Thus, the
fundamental difference between the open- and deep-
bite faces is found in the anterior segments of the face,
rather than in variations of ramal height or total pos-
terior face height.

These findings are at variance with the prevailing
concepts expressed in much of the literature, which
emphasize the role of the posterior dimension in the
etiology of vertical dysplasias. Bjork® demonstrated
schematically that open bite is associated with a large
ramus, while Sassouni and Nanda,'® and Schudy” re-
ported that open bite is associated with deficient ramal
height. These findings are in contrast to Wylie* and
Fields and associates®! who reported a comparable pos-
terior face height in open bite and deep bite. The pos-
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Table VII. Bonferroni test for pairwise comparisons of sex differences and facial types: Lower face
height/total face height based upon percentage attainments at different chronologic ages of adult size at

18 years
Age
(yr) MO-MD FO-FD MO-FO MD-FD MO-FD MD-FO
4 NS NS NS * NS *
6 ok NS NS * NS *k
15 Fakokok Fkk NS L 23 F gk kgskk
*P < 0.05. ¥*#P < 0.01. ***P < 0.001. ****P < 0.0001.
Table VIIl. Means and standard deviations for timing of adolescent spurt for five dimensions
Female subjects Male subjects
Deep bite Open bite Deep bite Open bite
Facial dimension Mean SD Mean SD Mean SD Mean SD
Total anterior height 12.4 1.4 11.3 1.1 15.2 1.1 14.2 1.9
Upper anterior height 13.6 1.2 11.9 2.5 15.1 1.7 14.0 2.0
Lower anterior height 12.8 0.7 12.0 1.4 15.5 1.3 14.2 1.7
Total posterior height 12.8 1.8 12.7 2.6 15.6 1.0 13.6 1.8
Ramus height 13.8 1.1 12.3 23 15.4 1.0 13.8 2.1

terior facial dimensions were unaffected in open bites
and deep bites as observed in the present study. In the
open-bite male and female subjects, the relative defi-
ciency of upper face height observed in this study is in
agreement with many authors.®'>'**>? However, these
findings are not supported by Bjork® and Schendel and
associates,” who reported that upper vertical height is
excessive in open-bite subjects.

A major problem in synthesizing these conflicting
views is the fundamentally different source of data.
Cross-sectional age-related means cannot readily be
compared with the individual variations observed in a
longitudinal study.

The individual absolute curves of growth for each
of the facial dimensions in this study demonstrate con-
sistency in established facial type throughout the grow-
ing period. It is to be noted that the subjects in this
study were categorized typologically during the ex-
pected adolescent spurt. The view expressed by Bishara
and Jakobsen? that 23% of the subjects categorized at
5 years of age change their pattern of growth is most
likely related to the lack of distinctive identifying char-
acteristics to define facial type.

The present study suggests that the differences in
vertical facial forms are a result of morphologic dif-
ferences that are consistently associated with the selec-

tive dimensional increases in the segments of the an-
terior face height. Upper face height grows more rel-
ative to lower face height in deep-bite subjects and less
in the open-bite subjects. The specific influence of the
differential growth in each of the segments of the an-
terior face modifies the proportions of upper and lower
face in each facial type. The strong influences in the
developmental patterns of the two facial forms even
diminish the expected sexual dimorphism that is ex-
pressed in most of the dimensions of the body.

Adolescent growth spurt

Clearly, boys lag behind girls in reaching the ad-
olescent growth spurt. The components that comprise
anterior and posterior face heights each exhibit a char-
acteristic spurt (or accelerated growth) at adolescence.
Orthodontic therapy deals with craniofacial elements
and produces overall changes that are additive in nature.
Thus, the growth behavior of the parts is of biologic
and clinical interest. The four groupings suggest a gra-
dient for the five facial dimensions in which the female
open-bite subjects appear to be the earliest in the timing
of the year of maximum growth, followed in succession
by the deep-bite female subjects, the open-bite male
subjects, and finally the deep-bite male subjects.

The differences in timing between the deep-bite
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Table IX. Bonferroni procedure for pairwise comparisons of year of maximum growth for facial types

Facial

dimension MO-MD FO-FD MO-FO MD-FD MO-FD MD-FO
UAFH NS NS * NS NS *k
TPFH * NS NS *x NS ik
ARGO NS NS NS NS NS *x

*P < 0.05. **P < 0.01. ***P < 0.001. ****P < (.0001.

male subjects and the open-bite female subjects were
significantly greater in four of the five dimensions stud-
ied. Interestingly, the differences between the male
open- and female deep-bite groups were slightly greater
than the differences between the two female groups.
The difference in timing of the year of maximum growth
for total anterior face height between the male deep-
bite and the female open-bite subjects reached a mag-
nitude of 3.9 years, exceeding the 2.9-year difference
between the male and female deep-bite subjects.

Clinical implications

The observations reported in this study on vertical
facial extremes have clinical implications for the timing
of orthodontic treatment, the length of the retention
period, and the prediction of adult occlusal status during
the mixed dentition period. The data suggest that the
patterns of anterior vertical facial proportions are es-
tablished at an early age and maintained during the
progression of growth. Consequently, it would appear
that it is possible to anticipate the vertical facial de-
velopmient of a child at an early age.

The differences in timing of the pubertal growth
spurt of various facial dimensions among the groups
suggest that early initiation of orthodontic treatment
might be beneficial in persons with relatively large
lower face heights because these subjects appear to
reach their adolescence at an early age. If the choice
of treatment mechanics requires orthopedic modifica-
tions of the jaws, then the initiation of treatment is
preferable before the adolescent growth spurt. The tim-
ing of initiation of treatment in long faces in this sense
is similar to that for a Class III malocclusion. It is also
conceivable that orthognathic surgical procedures could
be performed in persons in this group at an earlier age
than is generally suggested at present.

The timing of orthodontic treatment in persons who
are characterized by relatively small lower anterior face
heights should be delayed until the final positioning of
the anterior limits of the denture bases can be deter-
mined. It is evident that deep-bite subjects exhibit a

prolonged period of facial growth in contrast to open-
bite subjects. For this reason it is desirable to overtreat
the deep-bite subjects and continue retention for a lon-
ger period.

Another clinical implication of this study suggests
that if the vertical component of lower facial growth is
etiologically dominant, then the normal end-to-end re-
lationship of the second primary molars during the
mixed dentition stage may not develop toward the
proper interdigitation of the first permanent molars in
the young adult occlusion. By contrast, persons with
small lower anterior face heights may exhibit greater
horizontal components, facilitating the normal inter-
digitation of the molars.

Previous efforts to estimate facial growth have relied
essentially on such factors as sex, maturational status,
and the rate of maturational progression. In view of the
findings presented, it appears that facial growth pre-
diction should also be predicated on the observable
facial type. Prediction accuracy may thereby be
enhanced.

This investigation contradicts the notion concerning
the mechanisms that operate in the development of the
two extreme forms of vertical facial types. It often has
been assumed that a deficient posterior face height in
open-bite subjects causes the posterior teeth to act as a
fulcrum, resulting in a backward rotation of the lower
jaw and an increase in the lower anterior face height.
The corollary of such an assumption would be that in
deep-bite subjects excessive posterior face height per-
mits the lower jaw to rotate in a counterclockwise
direction, resulting in a smaller lower anterior face

“height.

It has also been suggested that the divergent facial
types are a result of excessive or diminished alveolar
growth and eruption of the posterior teeth to compensate
for excessive or deficient growth in the posterior di-
mensions. Of particular significance for the present dis-
cussion is the fact that neither posterior dimension of
the face showed differences between the facial types in
either sex. It is suggested that the role of posterior facial
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dimensions relative to the anterior dimensions of the
face may have been overemphasized.

SUMMARY AND CONCLUSIONS

The purpose of this study was to examine specific
details in the patterns of development in unambiguously
selected skeletal open-bite and skeletal deep-bite faces.

Longitudinal data from lateral radiographs of 16
male and sixteen female subjects, covering an age span
from 3 through 18 years, were used. These subjects
were selected from a total sample of 250 persons on
the basis of lower anterior face height taken as a
percentage of total face height. Thirty-two subjects
qualified for inclusion as representatives of “open-
bite”’/“deep-bite” types (16:16).

1. Open- and deep-bite subjects grow differently.
Deep-bite subjects are characterized by increased upper
anterior face heights, while increased lower anterior
face heights are observed in open-bite persons.

2. Extreme typological differences appear to over-
ride the growth characteristics that are usually attributed
to sexual dimorphism.

3. Posterior face height and ramal height do not
significantly differ between open- and deep-bite
subjects.

4. The pattern of development in each facial form
is established at a very early age, even before the erup-
tion of the first permanent molars and long before the
adolescent growth spurt.

5. A developmental gradient in the timing of the
adolescent growth spurt is evident in the five dimensions
of the face as follows: female open bite, female deep
bite, male open bite, and finally male deep bite.

The findings presented have practical clinical rel-
evance for the timing of orthodontic treatment, the
length of the retention period, and the predictability of
the occlusal relationship from the mixed dentition to
adulthood.
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