Circumpubertal growth spurt
related to vertical dysplasia

By Surender K. Nanda, DMD, MS and Todd K. Rowe, DMD, MPH

spurt is useful in the planning and timing
of orthodontic treatment. Fortunately,
the period of accelerated growth in the cranio-
facial skeleton is correlated with discrete matu-
rational events, such as menarche and ossifica-
tion of the bones of the hands and wrist, as well
as with more variable factors, such as the tim-
ing of the circumpubertal spurt in staturel
These correlations are not perfect, however,
and predicting this phase of growth is often
difficult due to the variation in facial skeletal
growth relative to other developmental events.
Even within the same individual, growth of dif-
ferent facial dimensions varies considerably rel-
ative to the circumpubertal growth spurt! More-
over, the timing of craniofacial growth and its
relationship to other developmental events pre-
sents a particular challenge in individuals exhib-
iting extreme variations in facial form.
Frequently, studies relating craniofacial
growth and general physical development only

l 5 stimating the timing of the facial growth

report a description of the “average” or “nor-
mal” face. In such studies, individuals with severe
malocclusions are either excluded from the anal-
ysis or it is assumed that the timing and the
magnitude of growth of their facial skeletons
are comparable to those subjects described as
“normal.” There is reasonable evidence, how-
ever, to indicate that patterns of facial growth
in individuals exhibiting extreme variations in
facial form or occlusal relationships are not the
same as in individuals with normal facial form 58

Anterior dimensions of the face demonstrate
divergent patterns of development in skeletal
open bite and deep bite faces ? Deep bite subjects
are characterized by larger absolute dimensional
attainments of upper face height, while open
bite subjects have a more pronounced lower
face height.

The question arises as to whether these two
distinct patterns of facial type demonstrate dif-
ferences in developmental patterns during the
circumpubertal growth spurt. Do the patterns

Original Article

Abstract

This article was originally submitted April 1988.

Key Words

Pubertal growth spurt ® Openbite ® Deepbite ® Dysplasia

Analysis of deep bite and open bite subjects demonstrates differences in the timing of growth of various vertical facial dimensions.

Angle Orthodontist

Vol. 59 No. 2

113




Nanda; Rowe

114

Angle Orthodontist

Means, standard devia-
tions and ranges of the
percentages of lower
face height to total face
height.
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TABLE 1
PERCENT MALES FEMALES
LFH/TAFH Mean S.D. RANGE Mean S.D. RANGE
OPeEN BITE 60.5 1.2 59.48/63.24 59.1 2.4 57.62/62.03
Deepr-B1TE 54.0 1.3 52.34/54.92 57.0 1.2 48.27/55.45
TABLE 2
PRE-PEAK PEAK POST-PEAK
GROUP MeaN So MeaN 3o Mean So
MaLe OpEN (MO) 112.2 5.3 120.5 5.9 126.6 6.9
FEMALE OPen (F0) 101.1 4.2 108.8 4.7 114.0 4.8
MaLE Deep (MD) 109.5 6.2 117.2 7.0 122.3 7.7
FemaLe Deep (FD) 100.7 4.9 108.1 5.1 111.8 5.4
PAIRWISE COMPARISONS OF FACIAL TYPES
TIME MO-FO MO-MD MO-FD FO-MD FO-FD MD-FD
PRE-PEAK *k *x * *
PEAK ok *k * *
POST-PEAK * * %k *
* 01 <P .1 *k .001 <P < .01
Table 1 Table 2

Total anterior face
height-absolute values
at year of maximum
growth and three years
prior and subsequent to
the attainment of peak
values.

of facial proportions become progressively ac-
centuated, attenuated, or are they maintained
during the most exuberant growth period? The
magnitude of dimensional attainments during
this period has profound implications for the
accuracy of predicting orthodontic treatment
results, as well as for determining the appro-
priate time for initiating orthodontic therapy
and deciding on retention procedures.

The purpose of this study is to determine the
difference in the timing and rates of growth of
the facial skeleton relative to the circumpuber-
tal growth spurt in individuals exhibiting severe
vertical dysplasias. Specifically, this paper pre-
sents a longitudinal analysis of craniofacial
growth in skeletal deep bite and open bite sub-
jects during the adolescent period. Three fun-
damental questions are addressed:

1. Does the pattern of growth in each of the
vertical dysplasias become intensified, attenu-
ated, or demonstrate a constant relationship
during the circumpubertal growth period?

2. Is the timing of the adolescent growth spurt
different in each of the facial types?

3. How do the vertical facial dimensions con-
tinue to develop subsequent to the year of
maximum growth?

Materials and methods

A longitudinal sample based on serial lateral
cephalometric radiographs of 16 males and 16
females, ages three through 20 years was used
The data were gathered under the auspices of
the Child Research Council in Denver, Colo-
rado. All subjects were caucasian and had re-
ceived no orthodontic treatment.

A sample of 250 individuals was analyzed and
32 subjects were selected to provide four groups
representing male and female skeletal open bite
and deep bite facial forms. Classification was
based on relative lower face height (anterior
nasal spine-menton) as a percentage of morpho-
logic face height (nasion-menton). The selection
of these subjects was based upon skeletal rela-
tionships without reference to clinical evalua-
tion of their occlusions. The individuals analyzed
were retrospectively selected based upon lower
face height proportions determined at approx-
imately 15 years of age for males and 13 years
six months of age for females. Use of these ages
for sample selection was based upon the rec-
ognized sexual dimorphism in the timing of
development !

The mean, standard deviation and range of
percentage of lower face height to total anterior
face height for each group are listed in Table 1.
The percentage of lower face height values for
the subjects in this study exceeds the values de-



termined by several investigators for character-
izing skeletal open bite and deep bite subjects 1214

Serial cephalometric roentgenograms from
the selected individuals were traced. Landmarks
and planes were then obtained following the
description by Krogman and Sassounil® Five
vertical linear distances were measured between
the following landmarks (Fig. 1): nasion-men-
ton (total anterior face height), nasion-anterior
nasal spine (upper anterior face height), ante-
rior nasal spine-menton (lower anterior face
height), sella-gonion (total posterior face height),
and articulare-gonion (ramal height).

Data were analyzed by graphical and statistical
methods to examine individual and group find-
ings. For each dimension in the four groups, the
individual absolute and incremental growth
curves were plotted. The annual increments
covering the three year interval immediately
preceding and three years after the peak of the
pubertal growth spurt were computed to pro-
vide a single average of dimensional attainment
during these respective periods. Additionally,
the average incremental growth curve for each
linear dimension in the four facial-type groups
was aligned so that the peak of each group was
positioned in the same vertical plane in order to
permit a standardized view of the relative cir-
cumpubertal changes in each facial dimension.

Multiple studies have demonstrated propor-
tionate growth of vertical facial dimensions in
normal control children and adolescents. Our
goal was to establish if similar proportionality
existed within the vertical dysplasias. As such,
issues of proportionate growth within each sub-
group were addressed directly and normal con-
trols were not used for such analyses. Inter-
group comparisons that were performed were
primarily descriptive, demonstrating similarities
rather than identifying differences between the
groups. Nonetheless, we did perform prelimi-
nary intergroup comparisons between the open
bite and deep bite groups to evaluate the effects
of facial type and sexual dimorphism on circum-
pubertal development.

The interaction of age and the amount of
growth attainment for three years before and
after the pubertal growth spurt between open
bite and deep bite groups was determined in
both males and females using a multivariate
analysis of variance (MANOVA). Student’s ¢
test using the Bonferroni correction procedure
for pairwise comparison was applied to deter-
mine the significance of differences between
the mean values at a predetermined confidence
level of P<0.01.

Circumpubertal growth spurt

Figure 1
TABLE 3

PRE-PEAK PEAK POST-PEAK
GROUP Mean  So Mean  So MeaN So
MaLe Open(MO) 46.6 3.2 49.8 3.3 51.5 4.1
FemaLe OPeEN (FO) 42.5 4.6 46.2 4.9 47.8 3.9
MALE Deep (MD) 50.7 3.1 54.3 3.2 58.0 4.0
FEmaLe Deep (FD) 47.8 3.6 50.9 3.1 51.5 2.8

PAIrRwISE COMPARISONS OF FACIAL TYPES

TIME MO-FG MO-MD MO-FD FO-MD FO-FD  MD-FD
PRE-PEAK - *
PEAK *k
POST-PEAK % *
*x 01 <P .1 *k .001 <P < .01
Figure 1 Table 3
iclandmarks Upper anterior face
and thefivelinearmeas- height-absolute values
urements (N-ME, ANS- at year of maximum
ME, N-ANS, S-GO, AR- growth and three years
GO) analyzed in this priorand subsequentto
study. the attainment of peak
values.
Angle Orthodontist Vol. 59 No. 2 115
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TABLE 4
PRE-PEAK PEAK POST-PEAK
GROUP Mean  So Mean  So Mean  So
MaLe OpEN(MO) 67.5 1.8 72.2 2.8 77.9 3.4
FeEMALE OpPeN (FOQ) 61.0 3.1 64.9 3.1 68.2 3.6
MaLE Deep (MD) 60.3 3.8 63.9 3.2 67.9 6.0
FEmaLE Deep (FD) 56.2 1.7 59,1 2.5 61.8 3.1

ParrwisE CoMPARISONS OF FAcIAL TYPES

TIME MO-FO MO-MD MO-FD FO-MD FO-FD MD-FD

PRE-PEAK *k Ak k *kk * *

PEAK *kk *kk Kk K *k *

POST-PEAK  #» *k *% *

* 01 <P .1 »x 001 <P < .01 #xx P < .001
TABLE 5
PRE-PEAK PEAK POST-PEAK

GROUP Mean  So Mean  Sp MEan  So
MALE OPEN (MO) 68.3 3.2 74.7 2.3 80.7 2.8
FEMALE OPEN (FO) 64.2 5.3 70.9 5.5 73.7 6.4
MAaLE DeepT (MD) 71.0 3.2 78.5 4.5 82.3 6.7
FemaLe Deep (FD) 64.6 4.8 73.1 8.4 745 5.0

Pa1rRWISE COMPARISONS OF FACIAL TYPES

TIME MO-FO MO-MD MO-FD FO-MD FO-FD MD-FD
PRE-PEAK * *
PEAK
POST-PEAK
* .01 <P .1

Table 4 Table 5

Lower anterior face
height-absolute values
at year of maximum
growth and three years
prior and subsequent to
the attainment of peak
values.
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Total posterior face
height-absolute values
at year of maximum
growth and three years
prior and subsequent to
the attainment of peak
values.

The following comparisons were made:

1. Absolute and proportionate size three years
prior to the year of maximum growth be-
tween individuals with open bite and deep
bite.

2. Comparison of the mean differences between
groups during the year of maximum growth.

3. Absolute and proportionate size three years
subsequent to the year of maximum growth
between individuals with open bite and deep
bite.

Results

Dimensional increases in total anterior face
height were comparable at each period between
open bite and deep bite individuals. The fund-
amental differences in development were re-
lated to pre-peak morphological differences in
facial form. Male total anterior face heights
were greater than female total anterior face
heights at each interval, supporting sexual di-
morphism within this dimension (Table 2).
There was a trend, although not reaching sta-
tistical significance in our small sample, for deep
bite individuals to have greater upper anterior
face heights than open bite individuals. Upper
face heights from deep bite females matched
those of open bite males remarkably well at
each interval (Table 3). Facial type factors appear
to override any sexual dimorphism that might
be expected between these groups for upper
face height.

Lower anterior face height was the most dis-
criminatory variable between open bite and deep
bite between the sexes. For both sexes, open
bite subjects demonstrated larger lower ante-
rior face height than deep bite subjects (Table
4). Sexual dimorphism was evident, except fe-
male open bite was equal to male deep bite, with
facial type overriding sexual dimorphism. The
mean values for total posterior face height
and ramal length within each sex and type did
not differ significantly in each period (Tables 5
and 6).

Because absolute changes may not fully repre-
sent proportionate size increase, the percentage
change in the various facial dimensions for the
six years was computed using the three year
pre-peak size of each dimension as a baseline
(Table 7). Total anterior face height increased
proportionately in male open bite and deep bite.
Female deep bite cases demonstrated the small-
est proportionate total anterior face height in-
crease, but when compared with female open
bite the mean percentage difference for six years
did not reach statistical significance. There was
no particular pattern of upper face height in-
crease. Male and female open bite groups re-



vealed a larger proportionate increase in lower
anterior face height than their deep bite coun-
terparts. Ramal height and posterior face height
showed the greatest proportionate increase, but
these differences did not reach statistical signif-
icance (Table 7).

In general, the differences in proportionate
size increases between open bite and deep bite
groups were not accentuated during the circum-
pubertal period. None of the differences in pro-
portionate growth were statistically significant
between the groups. The pattern of the face in
both open and deep bites was established at
least three years prior to pubertal growth spurt
and did not change during the adolescent period.

The timing of the adolescent growth spurt
for the various facial dimensions in open bite
faces was earlier than in deep bite faces (Figs. 2
to 5). Considering the proportionality of growth,
underlying factors responsible for the observed
differences in the year of maximum growth ap-
pear to be related to intrinsic characteristics of
each facial form. The patterns of dimensional in-
crease in each facial type affect their maturation-
al level producing different adolescent growth
spurt timings.

Correlation coefficients between the year of
maximum growth for the five facial dimensions
and menarcheal age were examined. The peak
age of the pubertal growth spurt for each dimen-
sion in the open bite girls was significantly cor-
related with menarche. However, the deep bite
girls showed little correlation between peak
growth spurt in facial dimensions and menarche.

Figures 6 to 10 illustrate the rearrangement
of the incremental curves with the maximum
increment positioned in the same vertical plane.
This arrangement demonstrated the differen-
ces and similarities between facial form before,
during, and after the year of maximum growth
of each dimension. The intensity of the adoles-
cent growth spurt in the various dimensions
was not obviously related to the tendency for
early or late maturing groups nor to sexual
characteristics. [t appears to have been affected
by the specific dimensions within each facial
type. The major differences in the incremental
curves are manifested subsequent to the year of
maximum incremental growth. Each dimension
grew variable amounts up to three years after
the year of maximum growth. The total face
height, upper face height, lower face height,
and posterior face height continued to increase
three years after the adolescent growth spurt in
male deep bites. The lower face height continued
to increase in male and female open bite groups.
Finally, ramal height continued to increase in
the female deep bite group.

Circumpubertal growth spurt

TABLE 6
PRE-PEAK PEAK POST-PEAK
GROUP Mean  So Mean  So Mean  Sp
MALE Open(MO) 40.9 3.1 45.5 3.1 49.4 4.3
FemaLE Open (FO) 36.3 2.3 41.4 3.0 43.3 3.1
MALE Deep (MD) 42.0 2.9 46.6 4.1 49.1 2.0
FEMALE Deep (FD) 40.1 3.0 43.9 4.4 458 3.5

Parrwise COMPARISONS OF FaciaL TYPES

TIME MO-FO MO-MD MO-FD FO-MD FO-FD MD-FD
PRE-PEAK  * *k
PEAK
POST-PEAK =«
* .01 <P .1 ** 001 <P < .01
TABLE 7
MALE FEMALE MALE FEMALE
OPEN OPEN DeepP Deep
MEASURE MeEan  So MEan  So MEan  Sp Mean  So
ToTaL
ANTERIOR Face 13.3 2.9 13.9 3.1 13.2 2.5 11.8 2.9
UPPER
ANTERIOR FAce 13.2 3.2 15.2 4.7 13.5 4.4 10.8 3.6
LowER
ANTERIOR FAcCE 13.5 4.2 12,5 5.3 11.7 4.3 9.9 2.9
ToTaL
PosTErRIOR Face 15.8 1.6 17.7 4.2 18.2 3.0 15.7 4.0
RaMus
LENGTH 22,5 7.8 24.1 8.6 23.8 4.4 16.6 5.1
Table 6 Table 7
Ramal length-absolute Thepercentage increase
values at year of maxi- for the six year interval
mum growth and three (three years before and
years prior and subse- three years after the
quent to the attainment peak) was computed
of peak values. based on the absolute
size of pre-peak cor-
responding facial
dimensions.
Angle Orthodontist Vol. 59 No. 2 117
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Figure 2

ST MALE
mm | OPENBITE

4

0 1 ! 1 1 ] ] | 11 | L o
4 6 8 10 2 14 6
age (years)
Figure 3
mm
4 !
MALE — —TAFH a
DEEPBITE — LAFH 7 ‘\.
\

o) 1 1 |
4 6 8 10 2 14 16
age (years)

Figure 2 Figure 3
Comparison of timing The male deep bite group
and magnitude ofadoles- facial dimensions demon-
cent growth spurts of strate peak velocities
five facial dimensions shifted to the right (de-
in the male open bite layed) when compared
group. The peak velocity  with the male open bite
oframal lengthandcom-  group.
ponents of the posterior
face height preceded that
of the segments of the
anterior face height by
two years.
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Discussion

This study suggests that patterns of devel-
opment as demonstrated by the incremental
curves within each vertical dysplasia were estab-
lished prior to the prepubertal growth spurt.
The analysis of the five vertical measures of the
face further demonstrated that the relative pro-
portions of the total, upper, and lower face di-
mensions remained stable within each group
during the circumpubertal growth spurt. The
larger dimensions remained large and the smaller
ones remained small relative to their correspond-
ing pre-peak absolute size. In this respect growth
patterns were similar to those expected of chil-
dren with normal facial patterns.

Male and female adolescents with open bites
are characterized by relatively larger lower ante-
rior face heights and relatively smaller upper
anterior face heights. In contrast, individuals
with deep bites have larger upper anterior face
heights and smaller lower anterior face heights.
The unequal absolute growth of these anterior
facial dimensions during adolescence is neces-
sary to maintain the disproportions inherent in
these facial types. On the other hand, the dis-
proportionate absolute increase in posterior di-
mensions of the face over anterior dimensions
may reduce or maintain the severity of a skele-
tal open bite while accentuating a skeletal deep
bite.

Differences in facial form therefore result
from fundamental morphologic differences
which determine the selective dimensional in-
crease in anterior face height segments. Strong
influences of developmental patterns in the
two facial forms masked many expected sexual
dimorphisms expressed in many other body
dimensions.

Patterns generated from alignment of incre-
mental curves along a vertical plane revealed
varying growth rates within each facial type
and sex, before and after the year of maximum
growth. Each facial dimensior demonstrated
variable growth three years after its year of
maximum growth. It becomes apparent that
the time required to attain ultimate size of facial
dimensions will differ according to facial con-
figuration and sex.

Menarcheal age was strongly correlated with
the year of maximal facial growth for each dimen-
sion within the female open bite group. How-
ever, the failure of deep bite females to show
significant correlations between facial matura-
tion and menarcheal age is surprising. This is
not in general agreement with findings reported
in the literature by Shuttleworth? Simmons
and Greulich,'* and Tanner"’ for timing of men-



arche in relation to the year of maximum incre-
ment of standing height.

It should be noted that the subjects used in
this study were never somatotyped. The litera-
ture suggests that ectomorph subjects are less
advanced in statural attainment at each age, less
advanced in skeletal age and later in their timing
of adolescent growth spurt when compared to
mesomorphs 271 Muzj? and Shuttleworth? asso-
ciated long and narrow faces (“longilinear”) with
the ectomorph. The longilinear face approxi-
mates the characteristics of open bite subjects.
One might therefore expect the maturation
schedule of open bite subjects to match that of
ectomorph subjects and be relatively delayed.
However, the evidence in this study indicates
that the open bite groups and by extension,
ectomorphs, are earlier maturing groups when
compared with deep bite groups. A further pos-
sibility is that the observed differences in timing
and developmental patterns of the face in indi-
viduals with relatively large and relatively small
lower face heights might be related to the phys-
ical growth of children who are constitutionally
tall or short in stature2! The tall children are
regarded as developmentally advanced, in con-
trast to children who are small in stature. Per-
haps tall stature and open bite faces as well as
short stature and deep bite faces may be related
in their expression of growth.

The clinical significance of these results can
be simply stated. Given variation in facial matu-
ration based on facial type, there are immediate
implications for the timing of initiating ortho-
dontic and orthopedic treatment, the direction
of forces used and the duration of retention
considerations after treatment. For example,
open bite patients would benefit from early treat-
ment and force distributions designed to hold,
restrict or redirect vertical growth. Given that
they also mature earlier, treatment should be
initiated at younger ages. Such a protocol is
reminiscent of Class Il treatment scheduling in
that orthopedic treatment may be most appro-
priately started prior to puberty. Deep bite pa-
tients experience later pubertal growth spurts,
can be treated later, and often require prolonged
retention to ride the wave of continued post
adolescent growth. The use of an anterior bite
plate during retention may add to the stability
of deep bite correction.

Limitations and suggested future studies
This study does not address the accuracy
of identifying subjects with skeletal dysplasias
at prepubertal ages. Subject identification was
based on postpubertal measures with a subse-
quent retrospective analysis of data culled from

Circumpubertal growth spurt

Figure 4
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Figure 4

Mean incremental growth
curves for the female
open bite group. Similar
to the male open bite
group, peak velocities for
the posterior segments
preceded those of the
anterior face segments.

Figure 5

incremental growth
curves for the female
deep bite group. Com-
pared to the female open
bite group, the year
of maximumincrements
shifted to the right.
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Figure 6
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Rearranged incremental
growth curves for total
anterior face height with
the peak for each group
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plane. Magnitude of the
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four groups. Subsequent
to the year of maximum
growth, the male deep
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years, while the other
curves approached their
final values.

Figure 7

Incremental growth
curves for upper anterior
face height arranged
similar to Figure 6. Com-
paring the magnitude
of peak velocities for
growth increments dem-

Vol. 59 No. 2

morphism. The female
deep bite curve tends to
increase fouryears after
the adolescent growth

spurt.

a larger longitudinal population sample. A pro-
spective study with prepubertal baseline classi-
fication categories would be needed to appropriate-
ly test hypotheses of growth prediction.

Similarly, having suggested that implications
for timing of treatment result from this study,
one must be careful not to interpret the data as
aggressively supporting a particular early inter-
vention for vertical skeletal dysplasias. We did
not examine the ability of any treatment to alter
a growth pattern and as such cannot discern the
effectiveness of various modalities on “normal-
izing” or reversing divergent growth patterns.
Moreover, the tendency for patients to outgrow
any proposed early treatment was not addressed.

At best, we suggest that early recognition of
skeletal patterns is critical to avoid inappropri-
ate, unnecessary and potentially prolonged treat-
ment. However, we do hold out the possibility
that the future early identification or detection
of skeletal dysplasias and realization of their
subsequent proportionate growth could lead to
effective early interventions. Clearly, further
studies are needed to address these fundamen-
tal and topical concerns.



Future studies could also address issues
of compensatory morphological changes asso-
ciated with divergent facial growth patterns
such as mandibular and maxillary dentoalveolar
height changes. Similarly, soft tissue growth
analyses would complement these observed
skeletal changes since soft tissue adaptations
inevitably serve as the ultimate compensator.

Summary

A longitudinal study of 32 individuals repre-
senting male and female open and deep bite was
examined to determine the relationship between
subjects who are characterized by proportion-
ately large and small lower anterior face heights
and adolescent facial growth spurts. Open bite
individuals matured earlier than deep bite indi-
viduals. Morphologic differences between the
groups were maintained during the adolescent
growth spurt. Further studies are needed to
examine the relationships between adolescent
growth spurt to stature and somatotype.
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and female deep bite
groups increased more
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open bite groups. The
male deep bite group
tended to increase in
this dimension even after
four years of adolescent
growth spurt.
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Figure 10
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