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InTRODUCTION
A survey of previous studies indicated
that the etiologic factors in deep over-
bite cases have not been well defined.

Nor has it been established which in-

cisor teeth, maxillary or mandibular,

are responsible for overbite correction.

Little unanimity of opinion has been

expressed in either of these respects.
The objective of this study was to

investigate anterior facial height and
its individual components and, if possi-
ble, to establish the following:

1. Variations in the components of
anterior facial height in patients with
normal occlusion, as well as in pa-
tients with malocclusion and deep
overbite.

. The effect of orthodontic therapy
upon these proportional relation-
ships.

- Which incisor teeth, maxillary or
mandibular, undergo major ortho-
dontic repositioning in correction of
overbite.

REviEw oF LITERATURE

Brodie” conducted a longitudinal
cephalometric study of twenty-one males
from age 3 months to 8 years. The nasal
floor, in its growth downward from the
brain case, descended along parallel
lines. In a later study Brodie? studied
growth changes from 8 to 17 years. He
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summarized his findings as follows:

“1. There is a strong tendency for the
nasal floor to remain stable throughout
the growth range.

2. The occlusal plane is stable in about
one half the cases but its behavior in
the others leads to a decrease in the
angle between it and the N-S plane.

3. The mandibular border similarly
shows no appreciable change in over
half of the cases.”

Meredith, Knott, and Hixon*® meas-
ured the relation between nasal and sub-
nasal components of facial height. They
found that nasal height, as a percentage
of subnasal height, increased between
the ages of 4 to 12 years. This was not
in agreement with Brodie” who stated
that percentage contributions of the
facial parts to total height remained
the same, regardless of age.

Hellman® studied the growth of the
head from infancy to adulthood. He
found that the proportions of the lower
to upper facial height remained ap-
proximately constant,

In his study of occlusal development,

Broadbent® stated:
“After the pattern of the face is estab-
lished at the completion of the decidu-
ous dentition, it is significant that, con-
trary to popular belief, there is no
marked change in the proportions of
the face thereafter. It consists of a
more or less proportional increase in
size.”

Moore®* questioned the validity of
“constancy of the facial growth pattern”
when applied to the individual. He pro-
posed that variation rather than con-
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stancy was the rule.

In contrast to Moore’s*® theory,
Wylie*? and Brodie® reaffirmed the con-
cept that facial growth was charac-
terized by strictly proportional increases
in growth rates.

According to Scott*® growth in facial
height is determined by:

“1. The growth of the cartilage of the
nasal septum and its extent are approxi-
mately indicated by the height of the
nasal cavity (between cranial base plane
and the palatal plane), bearing in mind
that the palate also descends by bone
deposition and resorption.

2. The vertical component of growth
of the cartilages of the mandibular con-
dyles. The extent of this is shown by
the height of the mandibular ramus.
3. The growth of the alveolar bone of
both jaws. The extent of the vertical
growth of the upper alveolar process is
indicated by the distance between the
palatal plane and the occlusal plane.”

In a study of serial cephalometric
roentgenograms, Tirk* divided the face
into nasal, oral, facial and cranial re-
gions, Although these areas grew at
different incremental rates, constant
proportionality of one area to another
was maintained.

Williams,** after comparing individ-
uals before and after the onset of pu-
berty in order to determine craniofacial
proportionality, concluded that “on the
whole, it would seem that the vertical
proportions are quite variable and
would indicate the need for further
study.”

In a study of cephalo-facio-dental
relationship, Sassouni®® reported a high
correlation between facial patterns and
anterior vertical proportions.

Herzberg and Holic'® measured 326
dry skulls which had all degrees of
dental abrasion. They found that the
degree of dental attrition did not affect
the proportions of facial height.

Proportionality of the upper or lower
to total facial height has been reported
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by many investigators. Wylie** reported
that lower facial height represented
56.8% of total facial height. Mayne's
reported a figure of 43.95% for upper
to total facial height. Other investi-
gators have confirmed these figures
within narrow limits (Coben,'® Lip-
pitz,” Behm,* Goldsman™).

In a study of overbite Diamond
concluded that the primary factor in
increased vertical height was growth
in ramus length. Wylie** was not able
to confirm this hypothesis,

Bjérk® reported that persons with
deep overbite showed a reduction in
total facial height when measured from
nasion to gnathion, Wylie** found that
the vertical dimension in orthodontic
patients was less than in normal con-
trols.

In their cephalometric study of over-
bite, Prakash and Margolis®® reported:
“Excessive overbite appears to be asso-
ciated with infraclusion of the man-
dibular molars and supraclusion of the
maxillary incisors, together with some
infraclusion of the maxillary molars.
The lower incisors were not in supra-
clusion in cases exhibiting excessive
overbite.”

Studies of changes in overbite with-
out orthodontic therapy have yielded
varying results. Bjork® reported that
overbite decreased. Fleming'? found in-
creased overbite from 9-12 years, which
then decreased in later years. Frohlich?®
reported increased overbite and overjet
in the transition from the deciduous to
the permanent dentition. Brodie,
Downs, Goldstein, and Myer® reported
that after orthodontic treatment of
overbite cases behavior of incisors and
molars in the cases shown varied too
greatly to permit a definite statement.

MATERIAL AND METHODS

The material utilized in this study
consisted of cephalometric records of
thirty children with normal occlusion
and pre- and posttreatment records of
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thirty children with malocclusion.

Theé normal occlusion group was ob-
tained from Dr. C. F. A. Moorrees of
Forsyth Dental Clinic. The sample con-
sisted of eleven males and nineteen fe-
males between the ages of 11.0 and 12.8,
with a mean age of 11.6. All subjects
were analyzed by means of orientated
lateral cephalograms.

The criteria for selection of the nor-
mal group were:

1. Normal mesiodistal dental arch re-
lationship.

2. Overbite within an acceptable range.

3. Good proximal relationships, or less
than 3 mm crowding.

4. Interproximal spacing nonexistent or
minimal.

The malocclusion group, both pre-
and posttreatment, was obtained from
the files of the Graduate Orthodontic
Department, Tufts University School
of Dental Medicine, and from the files
of members of the teaching staff. All
treatment was with the edgewise arch
mechanism.

The criteria for selection of the mal-
occlusion group were:

1. Malocclusion of major severity with
no regard for classification.

2. A deep overbite, 5 mm or more when
measured on a tangent from the tip
of the maxillary incisor to a tangent
from the tip of the mandibular in-
cisor.

3. Case successfully treated; that is,
molars in Class I relationship; over-
bite and overjet within normal
limits and an esthetically pleasing
face.

The malocclusion group consisted of
ten boys and twenty girls. The ages of
the group before treatment were be-
tween 8.4 and 13.9, with a mean of
10.7. The posttreatment group ranged
from age 11.0 to 15.10, with a mean of
13.7. No attempt was made to differ-
entiate these groups according to sex.
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Fig. 1 Components of anterior facial
height.

The following landmarks were util-
ized in the analysis (Fig. 1): nasion
(N), anterior nasal spine (ANS),
posterior nasal spine (PNS), gnathion
(Gn), palatal plane (PP), occlusal
plane (OP), and anterior skeletal plane
(ASP), a line drawn from nasion to
gnathion.

The palatal plane and the occlusal
plane served to divide the face into
several component parts in the vertical
plane. The anterior vertical face height
and its component parts discussed in
this study are as follows:

1. N-Gn — Total facial height,

2. P-Gn — Lower facial height,

3. P-O — Maxillary components of
lower facial height, and

4. O-Gn — Mandibular components
of lower facial height.

The roentgenograms were obtained
by standardized cephalometric pro-
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TABLE I
ANTERIOR FACIAL HEIGHT
N-Gn N-P P-0 0-Gn
M S.D. M S.D. M S.D. M S.D.
Normal 108.7 +4.3 49.1 +2.3 23.2 +1.7 36.4 +24
Pretreatment 113.7 +6.5 52.3 +3.5 23.6 +2.6 37.8 +2.6
Posttreatment 122.0 +6.0 55.9 +3.2 26.1 +27 40.0 +3.0
All measurement in mm.
M = mean
S.D. = standard deviation
TABLE II
PERCENTAGE VALUES OF ANTERIOR FACIAL HEIGHT
Lower as a Max. as a Mand. as a Mand. as a
percent of percent of percent of percent of
N-Gn N-Gn N-Gn P-Gn
M S.D. M S.D. M S.D. M S.D.
Normal 54..86 +1.97 2143 +1.42 3348 +1.27 61.11 +1.66
Pretreatment 53.96 +=2.20 20.72 +1.61 33.27 +1.837 61.94 +2.40
Posttreatment 54.08 +2.26 21.35 +1.76 32.76 +1.36 60.58 +2.16

cedures (Broadbent,t Margolis').
Linear measurements to the nearest
0.5 mm were taken with a clear plastic
millimeter ruler. Measurements were
made along the anterior skeletal plane
to the points of intersection with the
palatal and occlusal planes. The mate-
rial was then subjected to analysis in-
volving the wvarious components of
anterior facial height and the ratios of
these components to each other and to
total facial height.

The following facial proportions were
calculated: '

1. Lower facial height

X 100
Total facial height

2. Maxillary components of
lower facial height
X 100

Total facial height

3. Mandibular component of
lower facial height

X 100
Total facial height

4. Mandibular component of
lower facial height
X 100

Lower facial height

The arithmetic mean, range, and
standard deviation were calculated for
each component of facial height. The
“t” test was employed to determine any
significant statistical differences between
the normal and pretreatment group and
between the pre- and posttreatment
group. In comparing these groups, two
different “t” test formulae were used.
This was necessary because the com-
parison of the normal with the pretreat-
ment group represented two different
samples, whereas a single sample group
was used in comparing pre- and post-
treatment.

Finpines

The linear and proportional values
of anterior facial height components
obtained in this study are tabulated in
Tables T and II.

A statistical analysis employing the
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TABLE III
STATISTICAL ANALYSIS

Comparison of
normal and

Comparison of
pre- and post-

pretreatment treatment
F-Value F-Value

Lower as a percent of
total facial height 2.67 0.1
Maxillary as a percent
of total facial height 3.57 8.44*
Mandibular as a percent
of total facial height 0.47 6.26%*
Mandibular as a percent )
of lower facial height 2.84 8.29*

* Significant at the 1% level
** Significant. at the 5% level

“t test was performed for the purpose
of determining whether there existed
any significant differences between
groups relative to the mean values of
the components of anterior facial
height. The 5% level of significance
was selected as the division between
statistically valid and nonsignificant
differences. The F values were calcu-
lated (Table IIT).

The normal and pretreatment mal-
occlusion groups displayed no signifi-
cant differences in the components of
anterior facial height.

A comparison of the pre- and post-
treatment groups revealed no significant
changes in the lower part of the faces
(P-Gn). The F value was < 1.

In comparing the dental components
of the lower face to total facial height,
however, significant differences were
found between the means of the pre-
and posttreatment groups. Statistical
analysis of the maxillary components of
total facial height yielded an F value
of 8.44. The comparison of the man-
dibular component of total facial height
gave an F value of 6.26. The F value
obtained from comparing the mandibu-
lar components of lower facial height
was 8.29.

In Figures IT and III are presented
graphic representations of the changes

in the means of the pre- and posttreat-
ment groups when compared with nor-
mal values.

Discussion

A survey of the literature revealed
disagreement as to the cause of overbite
in malocclusion and the factors re-
sponsible for its correction. In one of
the first cephalometric appraisals of
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Fig. 2 Comparison of pre- and post-
treatment means with normal values.
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Fig. 3 Comparison of pre- and post-
treatment means with normal values.

orthodontic treatment, Brodie, Downs,
Goldstein, and Myer® tried to ascertain
the site of correction when overbite was
corrected orthodontically, ie., in the
incisors or in the molars. They con-
cluded that the variation was too great
to make a definite statement. Since that
time investigators have studied the
problem further and have come to vary-
ing conclusions regarding the mechan-
ism of overbite correction as well as
concomitant changes in anterior facial
height.

This study was designed for the pur-
pose of gaining additional insight into
the problem and, if possible, to theorize
about the mechanisms involved in
maintaining proportionality of the com-
ponents of anterior facial height. Thirty
malocclusions were selected, all of which
displayed a deep overbite before ortho-
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dontic therapy and a normal overbite
after treatment. The cases were studied
and compared with a group of patients
having normal occlusion and a satis-
factory overbite.

Only anterior facial height was
studied. Linear measurements were
taken along the anterior skeletal plane
from nasion to points P, O, and Gn.
The subjects were of different ages and
sizes and, therefore, had different linear
dimensions for total facial height (N-
Gn). In order to compare any changes
in the components of facial height and
to negate the role of enlargement of the
image on the film, proportions were
calculated.

The percentage of the lower face to
total facial height was found to be
smaller in the pretreatment group than
in the normal group, the percentage
being 53.96 in the former and 54.86 in
the latter. This small difference, how-
ever, was found to be nonsignificant at
the 5% level (F = 2.67).

The pre- and posttreatment records
of the malocclusion subjects were then
compared. The percentage of the lower
face to total facial height increased
slightly in the direction of normal to
54.08 in the posttreatment records.
Statistical analysis of the lower facial
height of the treated group compared
with the pretreatment group yielded an
F value <1 which demonstrated that
there was no significant change in the
proportion of the lower face to total
facial height after satisfactory ortho-
dontic correction of a deep overbite.

These findings tended to substantiate
those of Wylie*® and of Thompson and
Brodie.?” Wylie,® studying overbite and
vertical dimension of the face, con-
cluded that a normal freeway space
cannot be encroached upon in correct-
ing a deep overbite. He believed that
clevation of the buccal teeth in such
cases would be opposed by the muscula-
ture, with the eventual return of the
overbite, Thompson and Brodie?
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studied rest position of the mandible
and showed that the proportions of any
face, as far as vertical height was con-
cerned, were constant throughout life.

In the group of treated malocclu-
sions, overbite correction did not cause
an elongation of the lower face in rela-
tion to total facial height. The morpho-
genetic pattern of the muscles of masti-
cation of the individual was thought to
be the determining factor in the rela-
tionship between mandible and maxilla
in the vertical plane. A limited amount
of vertical space was available in the
dental area for correction of overbite
which can best be accomplished by
depression of the mandibular incisors.
Examination of the dental components
of facial height lends credence to this
hypothesis.

In the normal and pretreatment
groups the percentage values for the
maxillary components of facial height
were 2143 and 20.72 respectively. This
was found to be a nonsignificant differ-
ence at the 5% level. The pre- and
posttreatment percentage means, how-
ever, were 20.72 and 21.35 respectively.
Statistical analysis yielded an F value
of 8.44, significant at the 1% level. The
maxillary component increased in rela-
tion to total facial height after overbite
reduction. Clinically, this suggests a
slight elongation of the maxillary in-
cisors due, possibly, to the use of Class
IT elastics.

The mandibular components of total
facial height were 33.48% in the nor-
mal and 33.27% in the pretreatment
group. This difference was found to be
nonsignificant at the 5% level.

A partial explanation of the manner
in which overbite correction took place
may be deduced by studying the pre-
and posttreatment mean percentage
values of the mandibular components of
total facial height which were 33.27 and
3276 respectively. This difference
yielded an F value of 6.26, significant
at the 5% level, The significant differ-
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ence in the means of these groups sug-
gested that depression of the mandibu-
lar incisors had occurred.

The mandibular component in rela-
tion to lower facial height also was
compared in the three groups. No sig-
nificant difference was found between
the normal group and the pretreatment
group. The means were 61.119% of the
normal group and 61.949% for the
pretreatment group. The comparison
of the mean value of the mandibular
component of lower facial height be-
fore and after treatment yielded an F
value of 8.29 which was significant at
the 1% level, The drop in percentage
from 61.94 in the pretreatment group
to 60.58 in the posttreatment group
again indicated that the mandibular
incisors were intruded in overbite cor-

_rection. This was in agreement with the

findings of Stoner, Lindquist, Vorhies,
Hanes, Hapak, and Haynes®® who found
an average mandibular incisor depres-
sion of 2.0 mm during overbite correc-
tion.

Ricketts?* reported that treatment of
overbite in patients not expressing ver-
tical growth was accomplished by de-
pression of incisors.

A comparison of the mean values of
the normal and pretreatment groups
demonstrated no significant differences
in the various components of facial
height. Consequently, any discrepancies
which existed between the normal group
and the malocclusion group did not lie
in the vertical plane of the anterior
face to any significant extent. This find-
ing agreed with the findings of Shotts?’
who studied discrepancies in the vertical
plane of normal and of Class 11, Divi-
ston 1 malocclusion. Bjérk,2 however,
studied vertical dimension in persons
with deep overbite and normal occlu-
sion and found a smaller total facial
heicht in the former.

The length and position of the mus-
cles of mastication in relation to the
mandible may be the determining fac-
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tor in maintaining the proportion of
lower to total facial height. The length
of the muscles may also dictate whether
the overbite can be corrected by de-
pression of anterior teeth or by elonga-
tion of buccal segments. If the patient
has a large freeway space, it may be
possible to encroach upon this and
elongate the buccal segments in order
to secure overbite correction, If, how-
ever, there is little freeway space, the
correction must be made by the intru-
ston of incisors, since the length of the
muscles will not allow elongation of the
buccal segments.

Wrylie®* found that 20% of ortho-
dontic patients had sufficient freeway
space in order to allow elongation of
buccal segments. “In the remaining
80%, any therapeutic measures other
than depression of incisors may be ex-
pected to be opposed by the muscula-
ture with the prognosis doubtful.”

It has been stated that muscles could
not be induced to grow beyond their
predetermined limit (Mershon®!). In
order to reduce the overbite, mandibu-
lar incisors had to be depressed.

These findings were confirmed in this
study, but there is still need for further
research in this area in order to evaluate
how normal occlusion in the vertical
plane may be achieved.

CONCLUSIONS AND SUMMARY

1. A study of anterior facial height
was designed to compare thirty chil-
dren with normal occlusion and thirty
children having malocclusion and deep
overbite.

2. Total facial height was measured
along the anterior skeletal plane from
nasion to gnathion and was subdivided
into component parts by the palatal and
occlusal planes. Proportions of the com-
ponents relative to total and lower facial
height were calculated.

3. No significant differences in pro-
portions were found in the vertical
plane between the normal and the pre-
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treatment groups.

4. Orthodontic correction of the deep
overbite did not alter significantly the
proportion of the lower face to total
facial height. The masticatory muscles
were thought to be the determining
factor in maintaining this proportion,
since these muscles would act to main-
tain their optimal resting length.

5. Overbite correction altered sig-
nificantly the dental components of
facial height.

6. Depression of the mandibular in-
cisors accounted for the reduction of
the overbite in the treated malocclu-
sions.

136 Harrison Avenue
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