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Components of Adult Class Il
Open-bite Malocclusion

EDWARD ELLIS, lll, DDS, MS,* JAMES A. McNAMARA, JR., DDS, PHD,T. {
TIMOTHY M. LAWRENCE, DDS% |

In an effort to identify the frequency and distribution of the dental and
skeletal components of adult Class Il malocclusion with and without open-
bite, 124 adults, half of whom had an anterior open-bite, were evaluated.
Significant differences (P < 0.05) between the open-bite and non-open-
bite groups were found for the following measurements: the posterior
maxilla exhibited vertical excess in the open-bite group; the maxillary oc-
clusal plane was less steep in the open-bite group; the mandibular oc-
clusal plane was more steep in the open-bite group; the gonial angle was
higher in the open-bite group; the mandibular plane angle was higher in
the open-bite group; the mandibular ramus was positioned in a more
downward and backward (clockwise) location in the open-bite group; the
total and lower anterior facial height were increased in the open-bite
group; and the mandible was less protrusive in the open-bite group. No
significant intergroup differences were noted in the cranial base, the an-
teroposterior position of the maxilla or of the upper and lower incisors,
the palatal plane, posterior facial height, mandibular ramus height, or
mandibular body length. The results of this analysis indicate that the av-
erage Class Il open-bite malocclusion is characterized by aberrations in
both the maxilla and the mandible. Therapy, therefore, may frequently
require surgical intervention in both jaws to successfully correct this de-
formity.

The diagnosis and planning of treatment for pa-
tients who have maxillofacial deformities can be
complex and challenging. A particularly frustrating
deformity is one in which a skeletal open-bite is
superimposed on an anteroposterior malrelation-
ship of the teeth and jaws. The open-bite compo-
nent compounds the deformity, and, frequently,
more extensive intervention is required to ensure a
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cluding considerable differences of opinion re-
garding the site of the problems.

Several studies have attempted to evaluate the
differences in the craniofacial complex that occur
with both Class II malocclusion?*-3* and open-bite
deformity.”-34-3° Because we have previously re-
viewed the literature on the anteroposterior dys-
plasia of Class II malocclusion,* the following re-
view will focus on the nature of the open-bite com-
ponent of the craniofacial deformity.

Review of the Literature

Cranial Base

Most previous studies have indicated that de-
formities in the anterior cranial base region were
not evident when skeletal open-bite patients were
compared with controls.”343337 However, Subtelny
and Sakuda®’ did find that the distance between
sella and basion was less in their open-bite sample,
indicating a shortened posterior cranial base.

Maxilla

There is no universal agreement regarding the re-
lationship of the palatal plane to the anterior cranial
base in an individual who has an open-bite defor-
mity. Sassouni and Nanda** and Nahoum?® found
that the angle between the sella—nasion plane and
the palatal plane was significantly less in their open-
bite samples, indicating that in skeletal open-bite
cases the anterior nasal spine is located more su-
periorly, that the posterior nasal spine is located
more inferiorly, or that there can be a combination
of the two. Conversely, Subtelny and Sakuda,?® En-
unlu,?®® Frost et al.,” and Lowe*® found no signifi-
cant difference in this angle, indicating that the
open-bite deformity arises inferior to the palatal
plane. Similarly, Subtelny and Sakuda® and Frost
et al.” found no significant difference in the angle
between the palatal plane and the Frankfort plane
in their open-bite and normal samples.

Occlusal Plane

Approaches to evaluating the relationship be-
tween the occlusal plane to anterior cranial base
have varied. Those investigators who have con-
structed the occlusal plane in a conventional
manner’3435:38-40 report a statistically significant
increase in the angle between the sella—nasion
plane and the occlusal plane. Other investiga-
tors®738 have constructed two occlusal planes (man-
dibular and maxillary) in the belief that using one
occlusal plane drawn midway between the incisors
to the mesial cusps of the first molar teeth is inad-
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equate when analyzing cases of skeletal open-bite
malocclusion. Their studies showed no significant
difference in the maxillary occlusal plane angle;
however, the average mandibular occlusal plane
angle was significantly greater in their open-bite
cases than in their controls. The latter finding sug-
gests that the open-bite deformity arises below the
maxillary dentition.

Mandible

Most investigators who have studied skeletal
open-bite agree that the average mandibular plane
angle of skeletal open-bite patients is consistently
larger than that of controls.”-34-3%41-47 This increase
can be an expression of a backward rotation of the
mandible or a difference in the shape. Richardson*®
found increased S—Art—Go angles in his open-bite
sample, indicating that the larger mandibular plane
angle was due to a downward and backward posi-
tion of the mandibular ramus. Sassouni and
Nanda3* found that the mandibular condyle was lo-
cated in a superior position, thereby indirectly de-
creasing effective ramus height and producing a
larger mandibular plane angle.

Variations in mandibular morphology have been
shown to occur in open-bite cases. The gonial an-
gles of patients who have skeletal open-bite are sig-
nificantly larger than those of controls,34:35:37.38,:48
and are associated with large mandibular plane an-
gles. Posterior facial heights of patients who have
an open-bite are shorter than those of normal pa-
tients.’”-34:35:37.38 Even with a normal gonial angle, a
shortened ascending ramus would tend to produce
a larger mandibular plane angle. Thus, the high
mandibular plane angle present in the average open-
bite patient can be a result of an increased gonial
angle, a downward and backward position of the
mandibular ramus, and a shortened posterior facial
height.

Dentoalveolus

Although traditional orthodontic treatment has
been directed at extrusion of the incisor teeth, many
investigations have proven the inappropriateness of
this mode of therapy. Nahoum et al.’’ found that
the maxillary dentoalveolus was not underdevel-
oped in their open-bite population, and Sassouni
and Nanda* and Subtelny and Sakuda® found that
it may even be overdeveloped. These findings fail
to incriminate undereruption of the anterior teeth
as a cause of open-bite deformity.

An increase in maxillary posterior dentoalveolar
height is another commonly cited causal factor in
open-bite cases.”34:35:43.45 However, Nahoum et
al.’” did not find any significant differences in the
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FIGURE 1. Illustration showing the method used to calculate
the dental overbite for the non-open-bite and open-bite groups.
The measures were ail made by computer using the bisected
occlusal plane for orientation. A negative incisal overbite was
defined as an open-bite.

posterior maxillary dentoalveolar heights of their
open-bite and normal samples. Therefore, no con-
census exists as to the relationships of posterior
dentoalveolar hyperplasia to open-bite.

Another factor that could contribute to an open-
bite is the over-eruption of the mandibular molar
teeth, which could cause a clockwise rotation of the
mandible. However, Subtelny and Sakuda® noted
no significant difference between open-bite and
control samples, and Sassouni and Nanda*4 and Na-
houm et al.’” noted a decrease in distance between
the mandibular molars and the mandibular plane.

CLASS II MALOCCLUSION

Vertical Dysplasia

One of the most distinguishing features of the
skeletal open-bite population is that total anterior
facial heights are greater than those of a normal
population.”:3433:4148-52 Most studies show that this
increase occurs primarily in the lower anterior fa-
cial height or in the area below the anterior nasal
spine,-34:36.37.41,42,44.4748,53 and not in the upper an-
terior facial height, which remains normal®*334! or
is shorter.36:33:3 This indicates that most of the de-
formity occurs below the level of the palate. The
posterior facial height, the distance between sella
and gonion, is usually shorter in open-bite patients
than in normal subjects.’343337.38.45

Purpose of the Present Study

A basic therapeutic principle in the treatment of
patients who have maxillofacial deformities is, in
general, to correct rather than camouflage the ex-
isting deformity (i.e., the aberrant structures).
Since a proper diagnosis is paramount to the imple-
mentation of successful treatment, identification of
the aberrations that exist within a given population
of patients who exhibit a maxillofacial deformity is
essential.

Several studies have compared components of a
Class II malocclusion with those of Class I normal
occlusion;26-33 similarly, several studies have com-
pared open-bite subjects with normal subjects.”34-%
This has allowed identification of the aberrant com-
ponents of the craniofacial complex, so that correc-
tion can be accomplished at the site of the aberra-
tion, if technically feasible. Very little information
is available, however, that identifies the differences
in the dental and skeletal components of patients
who have Class II open-bite malocclusion versus
those who have Class II malocclusion without an
open-bite deformity. The purpose of this article is
twofold: 1) to present the results of a cephalometric
investigation into the frequency and distribution of
dental and skeletal components of a large sample of
adults who had Class II malocclusion with and
without open-bite, and 2) to discuss the clinical im-
plications of these results. Our analysis of the an-
teroposterior components of this sample of adult
Class II patients has been documented*. and will
not be extensively dealt with here.

Materials and Methods

Lateral cephalometric radiographs of 253 adults,
76 males and 177 females 17 years or older, were
evaluated. One hundred and four patients had al-
ready undergone presurgical orthodontic treatment;
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FIGURE 2. Mean facial polygons for the non-open-bite and
open-bite groups. The composite polygons demonstrate the
major skeletal and occlusal differences in these groups. Note that
a maxillary and mandibular occlusal plane is drawn for the open-
bite group.
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the remaining 148 had not. The cephalograms were
obtained from two private orthodontic offices, a pri-

«» vate oral and maxillofacial surgery office, and The
University of Michigan Department of Oral and
Maxillofacial Surgery.

g One hundred-twenty-four patients who had Class

IT malocclusion, 62 of whom had and 62 of whom
did not have open-bite deformity, were selected
from this group. The criterion for inclusion of a sub-
=» Ject in the initial group of 253 adults was the pres-
ence of at least an end-to-end Class II molar and
canine relationship as determined from the lateral
cephalogram. No skeletal criteria were used. No
cases of craniofacial syndromes were included in
this study.

Each film was traced by one investigator and
checked by a second investigator to verify the ac-
. curacy of the tracing. The tracings were then digi-

tized at the Center for Human Growth and Devel-
- opment, translating the landmark points into an X—
¥ coordinate system. The dental overbite was cal-
ted for each lateral cephalogram by measuring
vertical distance between the incisal edges of

the maxillary and mandibular incisors parallel to the
bisected occlusal plane (Fig. 1). Any case that dem-
onstrated a negative overbite was placed into the
open-bite (OB) group. Those with a positive over-
bite were placed into the non-open-bite (non-OB)
group. There were 58 males and 133 females (total
= 191) in the non-OB group and 18 males and 44
females (total = 62) in the OB group.

The lengths of the anterior cranial base (S—N) for
males and females were determined for the entire
sample. One standard deviation above and below
the mean was used to define a neutral range; any
case with an S—N distance below this neutral range
was considered low, and any case with an S—N dis-
tance above was considered high. Each OB case
was randomly paired with a non-OB case by sex,
orthodontic treatment, and anterior cranial base
length (low, neutral, high). Using these criteria, all
62 of the OB cases were paired with a non-OB case.
There were 18 males and 44 females in each group.

Twenty-six subjects had had orthodontic treatment
and 36 had not. The mean overbite was 4.23 mm in
the non-OB group (range 0.1 to 11.4 mm), and
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Table 1. Cranial Base Relationships in 124
Adults Who Had Class II Malocclusion With
and Without An Open-bite Component*

Craniaticial Non-OB (n = 62) OB (n = 62)
Variable X sD X sD
S—N (mm) 74.45 4.47 74.18 4.43
S-Ba (mm) 47.90 3.23 47.66 3.51
N-S-Ba (° 130.69 5.34 130.97 5.60
SN-FH (°® 8.25 2.68 8.92 3.20

* Differences between the open-bite and non-open-bite groups
were not significant for any cranofacial variable (P > 0.09).

Key

Ba = basion.

FH = Frankfort horizontal plane.

N = nasion.

S = sella.

SN = sella—nasion plane.

—2.48 mm in the OB group (range —8.7 to
—=0.1 mm).

Several measures of anteroposterior and vertical
relationships were analyzed for the two groups, and
the results are presented in Tables 1-6. Common
measures adopted from the analyses of Downs,
Riedel,* Steiner,% Jacobson,’” and McNamara3®
were used. The cephalometric measurements were
subjected to the paired ¢ test to determine differ-
ences between the OB and non-OB groups. Addi-
tionally, one-way analysis of variance of the vari-

CLASS II MALOCCLUSION

able of receipt of orthodontic treatment within the
OB and non-OB groups was used to evaluate the
effects of presurgical orthodontic therapy.

Results

The results of the cephalometric analyses are pre-
sented in the following categories: cranial base,
maxillary skeletal relationships, mandibular skel-
etal relationships, dentoalveolar relationships, max-
illomandibular relationships, and vertical facial re-
lationships. Inasmuch as only three dentoalveolar
and no skeletal measures were found in which pre-
surgical orthodontic therapy caused significant dif-
ferences (P < 0.05) in either the OB or non-OB
groups, results are reported as a mean for all pa-
tients in each group. The three dentoalveolar mea-
sures that were affected by orthodontic treatment
are also discussed.

Mean facial polygons were constructed for each
group and provide patterns that can be readily com-
pared visually to illustrate the relative intergroup
differences (Fig. 2). When the cranial bases are su-
perimposed with registration at sella, the major dif-
ferences become obvious.

CRANIAL BASE (Table 1)

There were no significant differences between the
two groups in any of the cranial base variables. The

Table 2. Maxillary Skeletal Relationships in 124 Adults Who Had Class Il Malocclusion With and

Without an Open-bite Component*

Craniofacial Non-OB (n = 62) OB (n = 62)
Variable X D 5 SD
Anteroposterior maxillary
skeletal position
S-N-A () 80.78 3.85 79.66 4.14
A pt to Na L (mm) -1.10 3.44 =11.63 3373
Vertical maxillary
skeletal relationships
SN-PP (° 8.08 3.67 8.07 3.84
FH-PP (°) -0.17 3.59 -0.85 3.07
S—PNS (mm) 49.63 3.90 49.73 3.91
ERP-PNS (mm) 50.79 3.70 51.30 3.85
PNS-SN | (mm) 47.32 3.75 47.72 3.73
PNS-FH 1 (mm) 26.21 2.99 26.30 2.60
* Differences between the open-bite and non-open-bite groups were not significant for any cranofacial variable (P > 0.05).
Key
A = point A.
A pt = point A.
ERP = ethmoid registration point.

FH = Frankford horizontal plane.
N = nasion.

Na L = nasion perpendicular.
PNS = posterior nasal spine.

PP = palatal plane.

S = sella.

SN = sella—nasion plane.

4—
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Table 3. Mandibular Skeletal Relatio

nships in 124 Adults Who Had Class II Malocclusion With
and Without an Open-bite Component
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Craniofacial Non-OB (n = 62) OB (n = 62)
Variable X s X s Significance
Anteroposterior mandibular
- skeletal relationships
Facial angle ©) 84.49 373 82.18 3.29 P < 0.001
Pog to Na L (mm) —11.34 8.00 =17.18 7.58 P < 0.001
S-N-B (° 74.51 4.08 72.20 4.04 P < 0.001
Vertical mandibular
skeletal relationships
SN-MP (°) 34.29 7.83 42.66 7.63 P < 0.001
FH-MP (°) 26.03 7.41 33.74 6.15 P < 0.001
N-Art (mm) 99.03 6.70 98.26 6.18 ns*
N-S-Art (°) 124.94 5.76 124.46 5.58 ns
S—Art (mm) 35.43 3.49 35.05 4.45 ns
Growth axis ) —-3.98 4.94 =903 5.08 P < 0.001
PBR-SN (°) 82.39 5.20 95.34 6.25 P < 0.01
Mandibular skeletal
morphology
Mand length (mm) 118.34 7.87 119.05 7.84 ns
Gonial angle (°) 121.90 8.28 127.32 6.71 P < 0.001
Go-Pog (mm) 76.51 5.68 75.60 5.86 ns
Go-Gn (mm) 76.14 5.47 75.58 5.99 ns
Co-Go (mm) 58.59 6.66 56.78 b | P <0.05
Art-Go (mm) 47.25 6.36 45.63 4.81 P <0.05

*ns = not significant (P > 0.05).

Art = articulare.
B = point B.
Co = condylion.
- FH = Frankfort horizontal plane.
~ Gn = gnathion.
~ Go = gonion.
mandibular plane.

ion perpendicular.
terior border of mandibular ramus.

T cranial base (S-Ba) was similar in dimen-
A cranial base angle (N-S-Ba). Nor
ny significant difference in the angle be-
sella-~nasion plane (S—N) and the Frank-
ntal plane (FH) between the two groups.
cranial base (S-N) was also similar in
though this was, of course, expected,
mwere paired on this dimension.

S‘@;ETAL RELATIONSHIPS (Table 2)

on of the maxilla as it related to the
evaluated. The variables used to mea-
sterior position of the maxilla
ficantly different in the two groups.
N-A value was 80.8° for the non-OB

group and 79.7° for the OB group. The distance
from Point A to the nasion perpendicular was — 1.1
mm for the non-OB group and — 1.6 mm for the OB
group.

There was no significant difference in the palatal
plane angles (SN ~PP, FH-PP) of the non-OB and
OB groups. The values for the linear distances sella
to posterior nasal spine (S-PNS) and ethmoid reg-
istration point to PNS (ERP-PNS), and the per-
pendicular distances between PNS and the S—-N
and FH planes (PNS-SN 1, PNS-FH 1) were not
significantly different between the groups, indi-
cating that the posterior nasal spine is in a similar
vertical location in both groups. The measures be-
tween the cranial base and anterior nasal spine are

presented under the heading of vertical facial rela-
tionships.
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CLASS 11 MALOCCLUSION

=
Table 4. Dentoalveolar Relationships in 124 Adults Who Had Class Il Malocclusion With and
Without an Open-bite Component
Cranioficial Non-OB (n = 62) OB (n = 62) L
Variable X sD x sD Significance
Anteroposterior
relationships
U1-Pt A vert (mm) 5.30 4.10 4.64 4.45 ns*
U1-NA () 25.12 10.31 24.92 7.23 ns
U1-NA (mm) 5.64 4.25 5.21 4.33 ns
IMPA (°) 96.99 8.80 94.98 9.37 ns
L1-NB (®) 25.78 8.37 29.84 8.61 P < 0.01
L1-NB (mm) 6.79 4.32 8.97 4.73 P < 0.01
Vertical
relationships | ¢
SN-OP (°) 16.30 5.12 18.27 4.88 P < 0.001 -
SN—MxOP () e o 15.46 4.99 4 \
SN-MnOP () e A 19.42 5.46 e i
FH-OP () 8.05 4.45 10.35 3.93 P < 0.001 \
FH-MxOP (°) — — 6.54 4.48 — -
FH-MnOP (°) — — 10.50 4.52 — ‘
U6-SN L (mm) 74.53 4.74 78.02 5.57 P < 0.001
U6-FH L (mm) 50.40 3.83 53.38 4.47 P < 0.001
UIE-ANS (mm) 30.51 3.41 31.75 3.70 ns -
U6-PP L (mm) 24.25 2.44 27.40 2.99 P < 0.001
OP-PP (°) 8.21 4.86 11.20 4.43 P < 0.001
MxOP-PP (°) — — 439 4.37 —
L1-Me (mm) 44.71 3.98 46.01 4.45 P < 0.05 -
L6—MP L (mm) 32.96 3.06 34.96 3.46 P < 0.001
OP-MP (°) 17.99 5.80 23.39 5.19 P < 0.001
* ns = not significant (P > 0.05).
Key «>»
ANS = anterior nasal spine.
FH = Frankfort horizontal plane.
IMPA = angle between the lower incisor and mandibular plane.
L1 = lower incisor. -
L6 = lower molar.
Me = menton.
MnOP = mandibular occlusal plane.
MP = mandibular plane.
MxOP = maxillary occlusal plane. -
NA = nasion—point A plane.
NB = nasion—point B plane.
OP = occlusal plane (bisected).
PP = palatal plane. -
Pt.A vert = point A vertical.
SN = sella—nasion plane.
U1 = upper incisor.
U6 = upper molar. ‘>
UIE = incisal edge of upper incisor.
o

MANDIBULAR SKELETAL RELATIONSHIPS
(Table 3)

The position of the mandible as it relates to the
cranial base and the size and shape of the mandible
were evaluated. All of the variables used to eval-
uate the anteroposterior position of the mandible
relative to the cranium—the facial angle, pogonion
to the nasion perpendicular, and the S-N-B
angle—had significantly higher values in the non-

OB group. This indicates that the mandible was
more protrusive in the non-OB group than in the
OB group.

Values for the mandibular plane (MP) angle were
significantly larger in the OB group for both the
SN-MP and FH-MP angles. For instance, the SN—-
MP angle averaged 34.5° for the non-OB group and
42.7° for the OB group—OVer g° larger in the OB
group. The angle between the posterior border of
the mandibular ramus (PBR) and the cranial base
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Table 5. Maxillomandibular Relationships in 124 Adults who Had Class Il Malocclusion With and

Without an Open-bite Component

Craniofacial Non-OB (n = 62) OB (n = 62)

Variable X sD X sD Significance
A-N-B (9) 6.28 2.12 7.45 2.42 P < 0.01
WITS (mm) 6.13 3.02 6.86 3.46 ns*
Overjet (mm) 9.79 3.42 9.36 BT ns
Ul-L1 (®) 122.82 12.86 19719 11.50 P < 0.05

* ns = not significant (P > 0.05).

Key

A = point A.

B = point B.

L1 = lower incisor.

N = nasion.

Ul = upper incisor.

(PBR-SN) was significantly greater in the OB
group, indicating a backward and downward (clock-
wise) position of the mandibular ramus. There was
also a significant difference in the mean values for
the growth axis angle, that of the OB group being
—9.2°, versus —4.0° for the non-OB group. This
indicates that gnathion is in a more inferior and
backward position in the OB group.

There was no significant difference in the relative
position of articulare (S—Art and N-Art), nor in the
saddle angle (N-S—Art), indicating that the loca-
tion of the temporomandibular joint is similar in
both groups. The gonial angles of the OB group
were significantly larger than those of the non-OB

group. The mean gonial angle for the OB group was
127° versus 122° for the non-OB group.

The length of the mandibular body (Go-Gn and
Go-Pog) and the effective length of the mandibular
(Co-Pog) were not significantly different between
the two groups. The length of the mandibular ramus
(Co-Go and Art-Go) was, however, significantly
longer in the non-OB group.

DENTOALVEOLAR RELATIONSHIPS (Table 4)
There was no significant difference in the antero-

posterior position of the maxillary incisor in the two
groups, either in angulation or in relation to the

Table 6. Vertical Facial Relationships in 124 Adults Who Had Class Il Malocclusion With and

Without an Open-bite Component

Craniofacial Non-OB (n = 62) OB (n = 62)
Variable 53 sD X sD Significance

AFH (mm) 123.96 7.83 132.45 10.00 P < 0.001
UFH (mm) 3357 4.03 56.00 4.31 ns*
LFH (mm) 70.98 6.31 79.85 7.47 P < 0.001
UFH/LFH 0.79 0.08 0.70 0.06 P < 0.001
UFH/AFH 0.45 0.02 0.42 0.02 P < 0.001
LFH/AFH 0.57 0.03 0.60 0.02 P < 0.001
N-A (mm) 61.60 4.41 62.48 4.95 ns
A-Gn (mm) 61.63 5.19 69.77 6.49 P < 0.001
NA/AGn 1.00 0.08 0.90 0.07 P < 0.001
PFH (mm) 78.67 T37 77.48 719 ns
PFH/AFH 0.64 0.06 0.59 0.05 P < 0.001

* ns = not significant (P > 0.05).

Key

A = point A.

AFH = anterior facial height (N-Me).
AGn = point A-gnathion.

Gn = gnathion.

LFH = lower facial height (ANS—Me).
N = nasion.

NA = nasion-point A.

PFH = posterior facial height (S-Go).
UFH = upper facial height (N-ANS).
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maxilla and cranium (UI-NAC(°), Ul-NA(mm),
Ul-point A vertical). There was also no significant
difference in the angle between the lower incisor
and the mandibular plane (IMPA). However, values
for LI-NB (°) and L1-NB (mm) were significantly
greater in the OB group than in the non-OB group.
This apparent conflict was due to the change in the
angulation of the two lines (L1-NB) when the man-
dible was positioned clockwise and not to differ-
ences in the angulation between the incisor and the
mandible (IMPA). Thus, the relationship of the
lower incisor to the mandible was not different in
the OB and non-OB populations. The 26 subjects
who had had orthodontic treatment in the OB group
had significantly greater (P < 0.05) values for the
L1-NB angle and IMPA than the 36 subjects who
had not had treatment. No such differences were
noted in the non-OB group.

The bisected occlusal plane angle (SN-OP) was
significantly larger in the OB group, being 18.3°,
versus 16.3° in the non-OB group. The maxillary
occlusal plane angle (SN-MxOP) in the OB group
was only 15.5°, which was less than the SN—OP
values of either group. The mandibular occlusal
plane angle in the OB group (SN-MnOP) was 19.4°,
which was much greater than the SN-OP values of
either group. Similar results occurred when the
Frankfort plane was used to determine the occlu-
sal plane angles (FH-OP, FH-MxOP, and FH-
MnOP).

The distance from the incisal edge of the upper
incisor to the anterior nasal spine (UIE- ANS) was
not significantly different in the two groups. The
OB group, however, demonstrated an increase of
more than 1 mm more than the non-OB group for
this measurement. The perpendicular distance be-
tween the mesial cusp tip of the maxillary first
molar and the palatal plane, the sella—nasion plane,
and the Frankfort horizontal plane (U6—PP L, U6
SN.1, U6-FH_1) were significantly greater in the
OB group, indicating a greater posterior dentoal-
veolar hyperplasia of the maxilla in the OB group.
The mean occlusal plane to palatal plane angle (OP-
PP) of the OB group was also significantly (3°)
greater than that of the non-OB group. When
MxOP-PP was evaluated, values were found to be
lower than those for the OP—PP angle in the non-
OB group.

Anterior mandibular dentoalveolar heights (L1-
Me) were significantly greater in the OB group, in-
dicating anterior mandibular dentoalveolar hyper-
plasia. Posterior mandibular dentoalveolar heights
(L6~MP) were also significantly greater in the OB
group, as was the angle between the bisected oc-
clusal plane and the mandibular plane (OP-MP).

CLASS II MALOCCLUSION

MAXILLOMANDIBULAR RELATIONSHIPS (Table 5)

Based on the analysis of the A~-N-B angle, there
was a significantly greater discrepancy in the rela-
tive anteroposterior relationship of the maxilla and
the mandible in the non-OB group than in the OB
group. However, the Wits analysis demonstrated no
significant difference between the groups.

The relative anteroposterior positions of the max-
illary and mandibular incisors, based on analysis of
the incisor overjet, were not significantly different
in the two groups. There was a significantly smaller
value (P < 0.05) for the incisor overjets of the 26
subjects in the OB group who had had orthodontic
treatment as compared with the 36 who had not.
No such differences were found in the non-OB
group. The mean interincisal angle (U1-L1) was
significantly greater in the non-OB group, averaging
123° versus 118° in the OB group.

VERTICAL FACIAL RELATIONSHIPS (Table 6)

The values for anterior facial height (N-Me),
lower facial height (ANS—-Me), and AGn were all
significantly greater in the OB group (P < 0.001).
The ratios of the various vertical measures were
also significant. Posterior facial height (S-Go), N-
A, and upper facial height (N~ ANS) were the only
vertical mesures that showed no significant differ-
ence between the two groups.

SUMMARY OF RESULTS

The OB group, compared with the non-OB group,
had a larger gonial angle, a downward and back-
ward positioning of the mandible, a larger mandib-
ular plane angle, a longer lower facial height, ver-
tical maxillary excess, and a divergent occlusal
plane angle.

Discussion

Although the incidence of open-bite in the general
population is not known, the results of this study
clearly indicate that it is not a rare phenomenon in
the population of surgical patients being treated for
adult Class II malocclusion. Approximately one-
fourth of the subjects in an overall sample of 253
cases of Class II malocclusion had an open-bite
component.

The data from the present study indicate that the
open-bite component of a Class II malocclusion
arises below the cranial base. All measures of the
cranial base in the OB group were similar to those
in the non-OB group. These findings contrast with
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those of Subtelny and Sakuda,*’ who noted a short-
ened posterior cranial base in their open-bite
sample.

The major areas of difference in the measure-
ments of the OB and non-OB groups are found in
the posterior maxillary and mandibular dentoal-
veolar regions and in the mandible. These findings
are very similar to those of a previous study com-
paring components of adult Class III malocclusion
to adult Class III open-bite malocclusion.*®

Dentoalveolar Regions

That posterior maxillary dentoalveolar hyper-
plasia with over-eruption of the maxillary molars
occurred in the OB group is indicated by various
measures. The angle between the bisected oc-
clusal plane and the sella-nasion plane (SN-OP;
Table 2) was significantly greater in the OB group,
which indicates that the bisected occlusal plane
of the OB group was much steeper than that of the
non-OB group. However, examination of the max-
illary occlusal plane angle in the OB group (MxOP—
SN; Table 2), showed that it was smaller than the
bisected occlusal plane angle of the non-OB group
(15.5° versus 16.3°), which indicates that the max-
illary occlusal plane angle of the OB group was less
steep than that of the non-OB group. The decreased
maxillary occlusal plane in the OB group is the re-
sult of inferiorly positioned maxillary molars as ver-
ified by the significantly greater values for U6—
SN L and U6-FH L.

The fact that the distance between the mandib-
ular first molar cusp tip and the mandibular plane
is greater in the OB group indicates the presence of
posterior mandibular dentoalveolar hyperplasia,
which could greatly contribute to the open-bite de-
formity. This would be especially detrimental when
taken in concert with posterior maxillary dentoal-
veolar hyperplasia.

One possible cause for an open-bite deformity is
under-eruption of the anterior teeth. However, in
this study, the anterior maxilla did not demonstrate
an inadequate vertical dimension or under-eruption
of the maxillary incisors. In fact, the OB group had
agreater, although not significant, amount of anterior
maxillary dentoalveolar height than did the non-OB
group. The OB group also had significantly greater
anterior mandibular dentoalveolar hyperplasia.
These findings suggest that the malocclusion of the
OB group was not due to an underdevelopment of
the dentoalveolus in this area, but rather that adap-
tations may have occurred in an attempt to com-
pensate for the open-bite by over-eruption of the
maxillary and mandibular incisors.
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Mandible

The mandible is the other major site of aberration
in the average open-bite deformity. The actual man-
dibular dimensions in the two groups are of interest.
Although the length of the mandibular body and the
effective mandibular length were not significantly
different in the two groups (Table 3), the mandibular
ramus was significantly longer in the non-OB group.
The similar overall length of the mandible in the
face of a longer mandibular ramus in the non-OB
group was caused by an increase in the gonial angle
in the OB group and indicates that there is a gross
difference in mandibular morphology between the
two groups.

Although the oblique gonial angle considered by
itself can contribute to an open-bite deformity, it
was only one aspect of the altered mandibular mor-
phology found in the OB group. Another variable
was the downward and backward (clockwise) po-
sitioning of the mandibular ramus. Taken together,
these two variables contributed most significantly
to the open-bite deformity and gave rise to the
marked increase in mandibular plane angle that was
found in the OB group.

Another consequence of the backward and down-
ward positioning of the mandibular ramus in the OB
group was to make the anteroposterior discrepancy
of the Class II component of the malocclusion more
obvious. This was exemplified by the larger A—-N—
B values found in the OB group, and also accounts
for the more retrusive position of the mandible and
the smaller growth axis variable.

Vertical Facial Relationships

The 9-mm increase in lower anterior facial height
noted for the OB group corresponds with the find-
ings of other investigators.’-34:36.37.41.42,44,47,48,53 Tpiq
indicates that the largest increase in vertical facial
dimension occurs in lower facial height. Total an-
terior facial height was, as one would expect,
markedly greater in the OB group, a finding
which also agrees with those of other
studies.”-34:36,37.41,42,44.47.48.53 N significant differ-
ences in upper anterior facial heights were noted
between the groups.

There was no significant difference in the poste-
rior facial heights of the two groups. However, sev-
eral other studies show a decrease in the posterior
facial heights of their open-bite samples.”-34:33,37.38.45
The reason for this discrepancy may be related to
the nature of our sample. While most investigators
agree that posterior facial height is less in open-bite
patients than in Class I controls, few have examined
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this variable in Class II open-bite and Class II non-
open-bite populations.

Clinical Implications

In devising a therapeutic regimen for the patient
who has a Class II open-bite malocclusion, treat-
ment must address the following specific problems
in addition to the routine aspects of the malocclu-
sion: 1) the presence of posterior maxillary den-
toalveolar hyperplasia; 2) a steep mandibular plane
angle; 3) an oblique gonial angle; 4) the downward
and backward position of the mandibular ramus; 5)
a long lower anterior face, and; 6) the Class II an-
teroposterior malrelationship.

Because this study did not analyze the spectrum
of skeletal and dental components of the Class II
open-bite malocclusion and instead provided only
mean differences between the open-bite and non-
open-bite groups, we are unable to make categorical
statements about the most appropriate treatment
for this deformity. However, we can discuss tech-
niques to treat the average Class II open-bite mal-
occlusion, realizing that treatment of each case
must be individually planned based on the partic-
ular dental and skeletal aberrations present in a
given patient.

Orthodontic corrections of open-bite deformities
are prone to failure, as they do not address the un-
derlying causes. In fact, the open-bite patient has a
greater anterior maxillary and mandibular dentoal-
veolar height than does a patient without this de-
formity. Thus, orthodontic extrusion of the anterior
teeth is clearly inappropriate treatment in most in-
stances.

Not all surgical procedures for correcting open-
bite malocclusions have been universally suc-
cessful. Results of surgery in the mandibular ramus
have been unstable, with varying amounts of post-
operative relapse reported.%°-62 This is not sur-
prising when one examines the biomechanics of this
procedure. Figure 3 demonstrates the effects of cor-
recting a Class II open-bite deformity via a mandib-
ular ramus osteotomy. In its new position, the body
of the mandible is rotated in such a fashion that two
powerful groups of muscles, the elevators and su-
prahyoids, are stretched. The posterior aspect of
the mandible is now in a more inferior position than
it was preoperatively, thereby stretching the ele-
vator musculator (the masseter, medial pterygoid,
and temporalis muscles).§ The mandibular sym-
physis is rotated to a more superior location,

§ This is of less importance, however, when a modified, sag-
ittal split osteotomy is performed, with the split just posterior to
the mandibular foramen. With this operation, the gonial angle
and its associated musculature remain in the preoperative posi-
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stretching the suprahyoid musculature. Thus, the
distal molar serves as a fulcrum for tilting the man-
dibular body by the two powerful and opposing
muscle groups.

Experimental documentation of the adverse af-
fects of stretching the elevator musculature is of-
fered by Carlson and Schneiderman®?, who ce-
mented bite-opening splints onto the occlusal sur-
faces of the teeth of adult rhesus monkeys and
analyzed the effects on the craniofacial complex.
Stretching the elevator muscles in this fashion
caused an anterosuperior displacement of the entire
maxilla, severe intrusion of the dentition, and a ten-
dency for the masseter muscle to return to its orig-
inal resting length. Thus, stretching of elevator
muscles should be avoided whenever possible. The
stretched musculature may be the primary reason
why closing an open-bite via a mandibular ramus
operation produces unstable results.

In contrast, correction of open-bite via an ante-
rior segmental surgical procedure has been shown
to be very stable.!? The stability of these procedures
probably relates directly to the noninvolvement of
the muscles of mastication in the biomechanics of
the surgical change. However, anterior segmental
osteotomies have limited utility in cases of gross
skeletal open-bite or gross anteroposterior malre-
lationships.

The total mandibular alveolar osteotomy, pro-
posed by MclIntosh,?# also avoids the alteration of
the muscles of mastication and produces good sta-
bility. However, the technical difficulty of and in-
cidence of morbidity from this procedure preclude
its use for routine correction of open-bite deformi-
ties.® The operation also does not correct the pos-
terior maxillary dentoalveolar hyperplasia or the
aberrant maxillary occlusal plane angle.

After examining the various aspects of the Class
II open-bite malocclusion, one can clearly see that
this deformity is not confined to one particular an-
atomical structure but instead involves various as-
pects of both the maxilla and mandible. It is not
surprising, therefore, that treatment may involve
surgery in both jaws. The treatment that would cor-
rect the average Class II open-bite deformity would
include surgery to intrude the posterior maxilla via
either segmental or total maxillary surgery. This
would correct both the posterior maxillary dentoal-
veolar hyperplasia and the aberrant maxillary oc-
clusal plane angle. Posterior maxillary intrusice
would also allow the mandible to autorot
counter-clockwise, partially correcting the
mandibular plane angle and decreasing the lo
anterior facial height, while at the same time i
proving the mandibular retrusion. This w
permit the mandible to be advanced via a man
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PREDICTION: Mandib.
advancement ONLY

vator masticatory musculature (Fig. 3). It would
also decrease the absolute amount of mandibular
advancement needed to correct the Class II oc-
clusal discrepancy.

Combined maxillary and mandibular surgery is,
in our opinion, the most appropriate and stable
method of correcting the majority of cases of Class
IT open-bite malocclusion. Not only does it return
the dental and skeletal elements of the maxillofacial
complex to their proper location, but it does so
without upsetting the delicate balance between the
soft tissue elements, particularly the musculature,
and the skeletal elements. As Carlson and
Schneiderman® have demonstrated very effec-
tively, in the continuing struggle between the soft
and hard tissues caused by an alteration of homeo-
stasis, the soft tissues will certainly win.

Conclusions

Lateral cephalograms of 253 adults who had
Class II malocclusion were studied to determine the
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COMPOSITE

Preop ---
Postop —

FIGURE 3. Cephalometric tracings of a
patient who exhibits a Class II open-bite
malocclusion. Top left, Presurgical tracing
demonstrating mandibular retrusion, aber-
rant maxillary occlusal plane, and open-bite.
Bottom left, Prediction compesite tracing
of mandibular advancement procedure.
Note the lengthening of the mandibular
ramus caused by rotation of the mandible to
close the open-bite component. Top right,
Postoperative composite tracing following
total maxillary osteotomy with posterior in-
trusion and mandibular advancement. Note
that the mandibular ramus length is un-
changed.

frequency of open-bite deformity. Differences in the
skeletal and dental components of those who had
and those who did not have open-bite as a part of
their deformity were evaluated in two groups of 62
patients. The following observations were made:

First, 25% of the entire adult Class II malocclu-
sion sample exhibited an open-bite component.

Secondly, patients who had an open-bite com-
ponent exhibited, in comparison with those who did
not: 1) a larger mandibular plane angle; 2) a larger
gonial angle; 3) downward and backward posi-
tioning of the mandibular ramus; 4) a shorter man-
dibular ramus length; 5) increased mandibular re-
trusion; 6) posterior maxillary and mandibular den-
toalveolar hyperplasia; 7) anterior maxillary and
mandibular dentoalveolar hyperplasia; 8) a longer
total anterior facial and lower anterior facial height;
and 9) no difference in cranial base.

It was concluded that proper diagnosis ang treat-
ment of a significant number of cases of adult Class
II open-bite malocclusion may require the surgical
correction of both jaws. Since, in the average case,
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aberrations exist in both the maxilla and the man-
dible, correction via surgery in only one jaw may
compromise esthetic results and functional, skel-
etal, and dental stability.
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