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In an effort to identify the frequency and differences in the dental and skeletal components of a large sample of 
adults with Class Ill malocclusion, with and without open bite, 176 subjects, one half of whom had an anterior 
open bite, were evaluated. These subjects were chosen by looking at the lateral cephalometric radiographs that 
were taken of 302 adults (128 men and 174 women) who exhibited at least an end-to-end Class Ill molar and 
canine relationship. The dental overbite was calculated for all subjects, and those with a negative overbite were 
placed in the open-bite (OB) group. Those with a positive overbite were placed in the non-open-bite (non-OB) 
group. The dental overbite was the only criterion used to define the open-bite and non-open-bite groups. The 
open-bite subjects were paired with a non-open-bite subject by sex, presence of presurgical orthodontic 
treatment, and anterior cranial base length. Eighty-eight subjects in each group (43 men and 45 women) were 
obtained. Various measures of craniofacial structure were calculated and analyzed by comparing the 08 and 
non-OB groups with the paired t test. The areas that showed significant differences (p < 0.05) between the OB 
and non-OB groups were as follows: (1) the posterior maxilla exhibited vertical excess in the OB group; (2) the 
maxillary occlusal plane was less steep in the OB group; (3) the mandibular occlusal plane was more steep in 
the OB group; (4) the gonial angle was higher in the OB group; (5) the mandibular plane angle was higher in the 
OB group; (6) the mandibular ramus was positioned in a more downward and backward location in the OB group; 
(7) the total anterior facial height and lower facial height were increased in the OB group; (8) the vertical height of 
the anterior maxilla was increased in the OB group; and (9) the mandible was less protrusive in the OB group, 
No significant intergroup differences were noted in the cranial base, the anteroposterior position of the maxilla or 
the upper and lower incisors, the palatal plane, posterior facial height, mandibular ramus height, or mandibular 
body height. The results of this analysis indicate that the average Class Ill open-bite malocclusion is 
characterized by aberrations in both the maxilla and the mandible. Surgical therapy may, therefore, require 
intervention in both jaws to correct this deformity successfully. 
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T he diagnosis and planning of treatment for 
patients with maxillofacial deformities can be complex 
and challenging. A particularly frustrating deformity is 
one in which an open bite is superimposed on an an- 
teroposterior malrelationship of the teeth and jaws. The 
open-bite component compounds the deformity, and 
frequently more extensive intervention is required to 
ensure a satisfactory result. In the past, neither ortho- 
dontic nor surgical treatment of skeletal open-bite de- 
formities was very successful, even when used in 
combination. However, the results of combined surgi- 
cal and orthodontic treatment have improved consid- 
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erably in the past 10 years as a result of increased 
diagnostic capabilities, a better understanding of the 
interaction between the neuromuscular components of 
the masticatory system with the craniofacial skeleton, 
and the ability to tailor treatment to the individual 
patient.‘-’ 

The management of adult patients with an open-bite 
component to their Class III malocclusion remains a 
controversial issue. Anterior maxillary and mandibular 
surgery,l.?.X-l:’ mandibular ramus surgery,‘“-‘” surgery 
on the mandibular body,‘-’ posterior maxillary sur- 
gery,X”“-” total maxillary surgery,23P’5 and various 
combinations of these are used in the treatment of 
skeletal open bite. In general, a basic therapeutic prin- 
ciple which should be kept in mind when treating pa- 
tients with maxillofacial deformities is that one should 
correct rather than camouflage the existing deformity 
(that is, the aberrant structures). Since a proper diag- 
nosis is paramount to the implementation of successful 
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treatment, it is essential that the aberrations that exist 
within a given population of patients who exhibit max- 
illofacial deformities be identified. 

There are several studies that compare components 
of a Class III malocclusion with those of Class I normal 
samples.26-“” Similarly, several studies have compared 
open-bite subjects with normal samples.7~““-“9 This al- 
lows identification of the aberrant components of the 
craniofacial complex so that correction can be accom- 
plished at the site of the aberration if technically feasi- 
ble. There is available, however, very little information 
which identifies the differences in the dental and 
skeletal components of patients with Class III open-bite 
malocclusion versus those with Class III non-open-bite 
malocclusion. When a vertical aberration compounds 
an anteroposterior malrelationship, as in the present 
Class III open-bite sample, orthodontic or surgical cor- 
rection must address both problems. 

REVIEW OF THE LITERATURE 

Although patients with skeletal open-bite defor- 
mities exhibit a spectrum of skeletal, dental, neu- 
romuscular, and esthetic abnormalities, this review will 
cover only those cephalometric analyses that deal with 
skeletal and dental components of the open-bite de- 
formity. Since very little literature is available concem- 
ing the Class III open-bite malocclusion, and since 
skeletal open bite may exist with any form of an- 
teroposterior malocclusion, the vertical relationships 
will be most thoroughly examined. 

Cranial relationships 

Most analyses comparing control samples to sub- 
jects with skeletal open bite exhibit no significant dif- 
ference in the anterior cranial base as measured from 
sella to nasion,i.““*“7 in the cranial base angle (N-S- 
Ba),7.“” or in the angle between the Frankfort horizontal 
plane and the S-N plane.7,“4 However, Subtelny and 
Sakuda”” did tind that the distance between sella and 
basion was less in their open-bite sample, indicating a 
shortened posterior cranial base. These findings seem 
to indicate that the cranial base is not greatly affected in 
skeletal open-bite cases. 

Craniomaxillary relationships 

Sassouni and Nanda?” and Hahoun?” 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 superiorly, that the posterior 
nasal spine is located more inferiorly, or that there is a 
combination of the two. Conversely, Subtelny and 
Sakuda,“” Enunlu,” Frost and co-workers,7 and Lowe’” 
found no significant difference in this angle, which in- 

dicates that the open-bite deformity arises inferior to 
the palatal plane. Similarly, Subtelny and Sakuda’5 and 
Frost and co-workers’ found no significant difference in 
the angle between the palatal plane and the Frankfort 
plane in their open-bite and normal samples. Thus, the 
relationship between the palatal plane and the anterior 
cranial base in open-bite patients versus non-open-bite 
patients is unclear. 

Cranio-occlusal relationships 

Many investigators have found a statistically sig- 
nificant increase in the angle between the sella-nasion 
plane and the occlusal plane.7,34,35,38-40 Other inves- 
tigators 37*38 have constructed two occlusal planes 
(mandibular 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 inadequate 
when analyzing cases of skeletal open-bite malocclu- 
sion. Their studies showed no significant difference in 
the maxillary occlusal plane angle; however, the man- 
dibular occlusal plane angle was significantly greater in 
all open-bite cases than in controls. This finding sug- 
gests that the open-bite deformity arises below the 
maxillary dentition. 

Craniomandibular relationships 

A strong point of agreement among the many in- 
vestigators who have studied skeletal open bite is that 
the mandibular plane angle is consistently larger in the 
skeletal open-bite patients than in controls.‘.‘~~~‘l!‘.~‘~ li 
Is this increase in mandibular plane angle an expression 
of a backward rotation of the mandible or of a different 
shape of the mandible? RichardsoP found an in- 
creased S-Art-Go angle in his open-bite sample, indi- 
cating that the larger mandibular plane angle was due to 
a downward and backward position of the mandibular 
ramus. Sassouni and Nanda”” found that the mandibular 
condyle was located in a superior position, thereby in- 
directly decreasing effective ramus height and thus 
producing a larger mandibular plane angle. These 
findings suggest that the high mandibular plane angle 
consistently found in open-bite patients is due to an 
effectively shorter mandibular ramus and an opening 
rotation of the mandibular ramus. 

Mandibular morphology 

The gonial angle in skeletal open-bite cases is sig- 
nificantly larger than that in controls,:“,““,“‘.“X.~‘H and 
this variation in mandibular morphology might be one 
reason for the associated large mandibular plane angles 
in these patients. There is general agreement that the 
posterior facial height of patients with an open bite is 
shorter than that of normal patients.‘.““.“~.“7.“X Even 
with a normal gonial angle. a shortened ascending 
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ramus would tend to produce a larger mandibular plane 
angle. Thus, there are three factors that are additive in 
the production of the high mandibular plane angle in an 
open-bite population: an increased gonial angle, a 
downward and backward position of the mandibular 
ramus, and a shortened posterior facial height. 

Another factor that could contribute to an open bite 
is overeruption of the mandibular molar teeth, which 
could cause an opening rotation of the mandible. How- 
ever, Subtelny and Sakuda”” noted no significant dif- 
ference between open-bite and control samples, and 
Sassouni and NandP and Nahoum and co-workers”’ 
noted a decrease in the distance between the mandibu- 
lar molars and the mandibular plane. 

Maxillary morphology 

Although traditional orthodontic treatment has been 
directed at extrusion of the incisor teeth, many investi- 
gations have proved the inappropriateness of this mode 
of therapy. Nahoum and co-workers”’ found that the 
maxillary dentoalveolus was not underdeveloped in 
their open-bite population, and Sassouni and Nandi’” 
and Subtelny and Sakuda”s found that it may even be 
overdeveloped. These findings do not incriminate un- 
dereruption of the anterior teeth as a cause of the 
open-bite deformity. 

An increase in maxillary posterior dentoalveolar 
height is another commonly cited factor in open-bite 
Cases,‘.:‘4.:‘“.4:‘.15 However, Nahoum and co-workers”’ 
did not find any significant difference in posterior max- 
illary dentoalveolar height between their open-bite and 
normal samples. Therefore, no consensus exists as to 
the relationship of posterior dentoalveolar hyperplasia 
to open bite. 

Vertical relationships 

One of the most distinguishing features of the 
skeletal open-bite population is that the total anterior 
facial height is greater than that in a normal popula- 
tion ,T.:i4.:iT,. I I .4X-.32 Most studies show that this in- 
crease occurs primarily in the lower anterior facial 
height or in the area below the anterior nasal 

- ‘34.x.:37.4 1.42.44, li,4X..Xl spine’ .’ rather than in the upper an- 
terior facial height, which remains normal”“J5,“’ or is 
shorter in open-bite patients.““,‘s8J9 This indicates that 
most of the deformity occurs below the level of the 
palate. The posterior facial height, the distance be- 
tween sella and gonion, is usually shorter in open-bite 
patients than in normal subjects.i,:'4,S5.:~7.XX,45 

Summary 

The review of the literature on open-bite deformity 
reveals contradictory descriptions as to the nature of the 
skeletal and dental aberrations present in this popula- 

tion of patients. The cranial base, maxilla, mandible, 
and dentoalveolar region have all been cited as differ- 
ing from populations of patients with normal dentofa- 
cial characteristics. The purpose of this article is 
threefold: (1) to present results of a cephalometric in- 
vestigation into the frequency of an open-bite compo- 
nent in a large sample of adults with Class III maloc- 
clusion, (2) to present the differences in the dental and 
skeletal components of a large sample of adults with 
Class III malocclusion with and without open bite, and 
(3) to discuss the clinical implications of the results of 
the cephalometric study. Our analysis of the anteropos- 
terior components of this sample of adult Class III pa- 
tients has been published previously’j” and will not be 
extensively dealt with here. 

MATERIALS AND METHODS 

One hundred seventy-six patients with Class III 
malocclusion, 88 with and 88 without open bite, were 
evaluated in this study to determine the differences in 
the skeletal and dental components of their malocclu- 
sion. They were selected from a larger sample of Class 
III adult patients as described below. 

Lateral cephalometric radiographs of 302 adults 
( 128 males and 174 females) aged 17 years or older 
were evaluated. Cephalograms of Class III persons 
were excluded from the study only if the quality of the 
radiographs precluded identification of the necessary 
landmarks. All films were taken with teeth together in 
centric occlusion and not centric relation unless coinci- 
dental. 

Ninety-four patients had already undergone pre- 
surgical orthodontic treatment; the remaining 208 had 
not. The cephalograms were obtained from two private 
orthodontic offices, a private oral and maxillofacial 
surgery office, and the University of Michigan Depart- 
ment of Oral and Maxillofacial Surgery. The selection 
of the radiographs was made by obtaining all those 
lateral cephalometric radiographs available at four 
practices. 

The criterion for inclusion of a subject was the 
presence of at least an end-to-end Class III molar and 
canine relationship as determined from the lateral 
cephalogram. No skeletal criteria were used. No cases 
of cleft palate or craniofacial syndromes were included 
in this study. 

Each film was traced by one investigator and 
checked by a second investigator to verify the accuracy 
of the tracing. The tracings were then digitized at the 
Center for Human Growth and Development, where the 
landmark points were translated into an X-Y coordinate 
system. The enlargement factor of the tracing of each 
head film was corrected by computer to 8%. 

The dental overbite was calculated for each lateral 
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Fig. 1. The method used for calculation of the dental overbite 
for the non-08, (A) and OB (B) groups. All measures were 
made by the computer, with the bisected occlusal plane for 
orientation. A negative incisal overbite was defined as an open 
bite. 

cephalogram by measuring the vertical distance be- 
tween the incisal edges of the maxillary and mandibular 
incisors parallel to the bisected occlusal plane (Fig. 1). 
Any case that demonstrated a negative overbite was 
placed into the open-bite (OB) group. Those with a 
positive overbite were placed into the non-open-bite 
(non-OB) group. There were 81 men and 129 women 
(total, 210) in the non-OB group and 47 men and 45 
women (total, 92) in the OB group. Dental overbite 
was the only criterion used to define the open-bite and 

Closs III open-bite Composite 

- Class Et open-bite 
- - - Class IU non.oDen bite 

Fig. 2. Mean facial polygons for the non-OB (A) and OB (8) 
groups. The composite polygons (C) demonstrate the major 
skeletal and occlusal differences in these groups. Note: A maxil- 
lary and a mandibular occlusal plane are drawn for the OB 
group. 

non-open-bite groups. No skeletal criteria were used. 
We then analyzed the other skeletal and dental factors 
to determine how they differed in the patients with and 
without an open bite. 

The anterior cranial base (S-N) lengths 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 for anterior cranial base 
length. Any case whose S-N distance was below this 
neutral range was considered low, and any case whose 
S-N distance was above it, 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). With the use of these 
criteria, 88 of the 92 OB cases were paired with a 
non-OB case. There were 43 men and 45 women in 
each group. Forty subjects had undergone orthodontic 
treatment and 48 had not. The mean overbite was 1.5 1 
mm in the non-OB group (range, 0.08 to 6.73 mm). 
The mean overbite was - 3.20 mm in the OB group 
(range, -9.98 to -0.15 mm). 
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Table 1. Cranial base relationships 

Non-OB (n = 88) OB (n = 88) 

Craniofacial variable x SD x SD Sigm$cance 

S-N (mm) 75.71 4.63 75.56 4.98 NS 
S-Ba (mm) 49.05 3.89 49.08 3.97 NS 
N-S-Ba (“) 127.07 5.02 128.34 5.91 NS 
SN-FH (“) 9.19 2.58 9.35 3.23 NS 

NS = Not significant. 

Table II. Maxillary skeletal relationships 

Craniofacial variable 

Anteroposterior maxillary skeletal position 
S-N-A (“) 
A pt. KI Na i (mm) 
Vertical maxillary skeletal relarionships 
SN-PP (‘) 
FH-PP (‘) 
S-PNS (mm) 
ERP-PNS (mm) 
Ptm-PNS (mm) 
PNS-SN I (mm) 
PNS-FH i (mm) 

Non-OB (n = 88) OB (n = 88) 

x SD x SD 

79.88 3.23 80.15 4.37 
~ 1.07 3.47 -0.69 4.41 

9.13 3.52 9.00 3.93 
- 0.06 3.49 -0.35 3.79 

51.41 3.73 51.73 4.49 
51.99 4.19 52.46 4.44 
30.63 2.96 31.53 3.16 
48.94 3.54 49.38 4.10 
26.46 2.95 26.87 2.73 

Significance 

NS 
NS 

NS 
NS 
NS 
NS 
NS 
NS 
NS 

NS = Not significant. 

Several measures of anteroposterior and vertical re- 
lationships were analyzed for the two groups. These are 
found in Tables I to VI and are common measures 
adopted from the analyses of Downs,“4 Riedel,‘5 
Steiner,56 Jacobson,“i and McNamara.“’ For definitions 
of these measures, the reader is referred to those arti- 
cles. The cephalometric measurements were subjected 
to the paired t test to determine differences between the 
OB and non-OB groups. In addition, the effects of 
presurgical orthodontic treatment in both the open-bite 
and non-open-bite groups were analyzed by the one- 
way analysis of variance between those patients who 
had and those who had not undergone orthodontic 
treatment. 

RESULTS 

The results of the cephalometric analyses will be 
presented in the following categories: cranial base, 
maxillary skeletal relationships, mandibular skeletal re- 
lationships, dentoalveolar relationships, intermaxillary 
relationships, and vertical facial relationships. Inas- 
much as only four of those measures were found in 
which presurgical orthodontic treatment caused sig- 
nificant differences (p < 0.05) from those without 
orthodontic treatment in either the open-bite or the 

non-open-bite group, the means for all those patients in 
the open-bite and non-open-bite groups (both ortho- 
dontic and nonorthodontic) are reported. The four mea- 
sures that were affected by orthodontic treatment were 
all dentoalveolar measures and are presented in our 
discussion of the results. 

Mean facial polygons, which were constructed for 
each group, provide patterns that can be readily com- 
pared visually to illustrate the relative differences (Fig. 
2). When the cranial bases, which will be shown 
not to be significantly different, are superimposed with 
registration at sella, the major differences become ob- 
vious. 

Cranial base (Table I) 

There were no significant differences between the 
two groups in any of the cranial base variables. The 
posterior cranial base (S-Ba) was similar in dimension, 
as was the cranial base angle (N-S-Ba). Nor was there 
any significant difference in the angle between the 
sella-nasion plane (S-N) and the Frankfort horizontal 
plane (FH) in the two groups. The anterior cranial base 
(S-N) was also similar in dimension. The latter, of 
course, is expected since the groups were paired on this 
dimension. 
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Table III. Mandibular skeletal relationships 

Am. J. Orthod. 
October 1984 

Craniofacial variable 

Anteroposterior mandibular skeletal rr1ationship.s 
Facial angle (“) 

Peg to Na I (mm) 
S-N-B (“) 
Vertical mandibular skeletal relationships 
SN-MP (“) 
FH-MP (“) 

N-Art (mm) 
N-S-Art (“, 
S-Art (mm) 
Growth Axis (“) 
PBR-SN Co) 
PBR-FH Co) 

Mandibular skeletal morpholog> 

Mandibular length (mm) 
Gonial angle (“) 

Go-Peg (mm) 
Go-Gn (mm) 
Co-Go (mm) 
Art-Go (mm) 

NS = Not significant. 
*Significant at the 5% level of confidence. 
**Significant at the I’% level of confidence. 
***Significant at the 0.1% level of confidence 

Non-OB (n = 88) OB (n = 88) 

I; SD 4 SD Significance 

93.91 3.64 92.38 4.36 .t Y 

8.23 7.80 5.19 9.80 
X3.48 4.00 X2.15 5.05 

34.50 6.84 39.38 6.89 ./: * * 
‘5.31 6.35 30.03 6.40 / ** 

9X.64 6.10 98.01 6.70 NS 
121.86 5. IS 122.37 6.45 NS 

34.91 3.30 34. I3 3.x0 NS 
I.82 5.04 -0.82 6.06 ./ :-, 

83.72 5.48 X5.89 5.89 /_ 
74.s2 4.90 76.54 5.14 :: / 

136.X2 9.00 139.03 9.14 
130.7x 6.62 133.49 6.60 k’ ii 

X5.11 s.79 X6.34 6.39 NS 
X5.51 S.85 x7.02 6.31 NS 
65. I3 h.Sl 64.44 6.30 NS 
53.77 6.41 53.70 6.49 NS 

Maxillary skeletal relationships (Table II) 

The position of the maxilla was evaluated as it re- 
lates to the cranium. The variables used to measure the 
anteroposterior position of the maxilla were not sig- 
nificantly different in the two groups. The mean S-N-A 
value was 79.8” for the non-OB group and 80.1” for the 
OB group. The point A-Nalmeasurement was - 1.1 
mm for the non-OB group and -0.7 mm for the OB 
group. 

There was no significant difference in the palatal 
plane angles (SN-PP, FH-PP) in the non-OB and OB 
groups. The values for the linear distances sella to 
posterior nasal spine (S-PNS), ethmoid registration 
point to PNS (ERP-PNS), and pterygomaxillary fissure 
to PNS (Ptm-PNS) and the perpendicular distances be- 
tween PNS and the S-N and FH planes (PNS-SN, 
PNS-FH) were not significantly different between the 
groups, indicating that the posterior nasal spine is in a 
similar vertical location in both groups. The measures 
between the cranial base and anterior nasal spine are 
presented under vertical facial relationships. 

Mandibular skeletal relationships (Table Ill) 

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 evaluate the anteropos- 
terior 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. 

The mandibular plane (MP) angle values were sig- 
nificantly larger in the OB group for both SN-MP and 
FH-MP angles. For instance, the SN-MP angle aver- 
aged 34.5” for the non-OB group and 39.4” for the OB 
group, almost 5” larger in the OB group. The angles 
between the posterior border of the mandibular ramus 
(PBR) and the cranial base (PBR-SN, PBR-FH) were 
significantly greater in the OB group, indicating a 
backward- and downward-opening position of the 
mandibular ramus in this group. There was also a sig- 
nificant difference in the values for the growth axis 
angle, the OB group being -0.8” versus 1.8” in 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) or in the saddle 
angle (N-S-Art), indicating that the temporomandibular 
joint is similarly located in the two groups. 

The gonial angle in the OB group was significantly 
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Table IV. Dentoalveolar relationships 

Non-OB (n = 8RJ OB (n = 88) 

Craniofacial variable x SD x SD Sigmjkance 

Anteroposterior relationships 
UI-Pt A Vert (mm) 6.50 2.31 6.57 2.86 NS 
UI-NA (“) 27.06 7.51 27.20 7.89 NS 
LJI-NA (mm) 6.84 2.40 6.76 2.69 NS 
IMPA (“) 81.31 8.11 80.96 8.23 NS 
LI-NH (“) 19.30 7.35 22.49 7.71 ** 
Ll-NB (mm) 4.96 2.48 6.20 2.36 *** 

Vertid relationships 
SN-01’ (“) IS.57 4.58 17.94 4.85 *** 

SN-MxOP (“) 14.24 4.88 
SN-MnOP (“) - 21.52 5.35 
FH-01’ (“) 6.38 4.20 8.59 4.25 *** 

FH-MxOP (“) 4.84 4.25 
FH-MnOP (“) - 12.12 4.68 
U6-SN 1 (mm) 78.1 I 5.43 79.67 5.94 * 
U6-FH i (mm) 52.13 4.85 53.66 4.71 * 
U6-ERP (mm) 80.31 6.22 Xl.79 6.30 rr 
UIE-ANS (mm) 29.83 3.45 30.88 3.96 * 
U6-PP 1 (mm) 25.67 3.07 26.92 2.91 ** 
OP-PP (“) 6.44 3.87 8.94 4.07 *** 

MxOP-PP (“) - 5.46 4.18 
I,l-Mc (mm) 46.13 4.31 46.69 4.00 NS 
I,&MP i (mm) 34.23 3.73 35.64 3.57 ** 
OP-MP (“) 18.92 4.54 21.44 4.17 *** 

MnOP-MP (“) - 18.18 4.18 

NS = Not algnificant. 
“Significant at the 5% level of confidence. 
**Significant at the I’% level of confidence. 
***Significant at the 0. I% level of confidence 

greater than in the non-OB group. The mean gonial 
angle for the OB group was 133.5” versus 130.8” for 
the non-OB group. 

The mandibular body length (Go-Gn and Go-Pog) 
and the mandibular ramus length (Co-Go and Art-Go) 
were not significantly different between the two 
groups. Mandibular length (Co-Pog), however, was 
significantly longer in the OB group than in the non-OB 
group. This apparent conflict in measurements will be 
discussed later. 

Dentoalveolar relationships (Table IV) 

There was no significant difference in anteropos- 
terior position of the maxillary incisor in the two 
groups, either in angulation or in relation to the maxilla 
and cranium (Ul-NA”, Ul-NA mm, Ul to point A 
vertical). 

There was no significant difference in the angle 
between the lower incisor and the mandibular plane 
(IMPA). However, the values for Ll-NB (in degrees) 
and Ll-NB (in millimeters) were significantly greater 
in the OB group than in the non-OB group. This appar- 

ent conflict is due to the change in the angulation of the 
two lines (Ll-NB) when the mandible is positioned 
downward and backward and is not due to differences 
in the angulation between the incisor and the mandible 
(IMPA). Thus, the relationship of the lower incisor to 
the mandible is not different between the OB and 
non-OB populations. 

The patients in both the OB and non-OB groups 
who had undergone presurgical orthodontic treatment 
had significantly increased values for the Ll-NB angu- 
lar and linear measures (p < 0.01). Similarly, the OB 
group showed IMPA values that were significantly in- 
creased in those patients who had undergone presurgi- 
cal orthodontic treatment. 

The occlusal plane angle (SN-OP) was significantly 
greater in the OB group (17.9” versus 15.6” in the 
non-OB group). The maxillary occlusal plane angle 
(SN-MxOP) in the OB group was only 14.2”. which 
was less than the SN-OP values of either group. The 
mandibular occlusal plane angle (SN-MnOP) was 
21.5”, which was much greater than the SN-OP value 
of either group. Similar results occurred when the 
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Table V. Intermaxillary relationships 

A-N-B (“) -3.60 2.81 - 2.00 2.55 i z&l 

WITS (mm) - IO.85 4.25 ~ 10.77 4.41 NS 
Overjet (mm) 3.60 2.x4 3.80 2.60 NS 
UI-LI (“) 137.24 IO.33 132.30 I I .30 -i. . . 

NS = Not signifcant. 
**Significant at the I% level of confidence. 
***Significant at the 0. I% level of confidence. 

Table VI. Vertical facial components 

AFH (mm) 
UFH (mm) 
LFH (mm) 
UFHiLFH 
UFH/AFH 
LFH/AFH 
N-A (mm) 
r\-Gn (mm) 
NAiAGn 
PFH (mm) 
PFHiAFH 

Jl.77 967 137.89 IO.17 
58.17 3.19 58.60 4.25 
73.1 I 7.1 I 80. I7 7.51 

0.79 0.07 0.73 0.06 
0.43 0.02 0.42 0.02 
0.56 0.02 0.58 0.02 

64.63 5.06 65.88 s.10 
66.87 5.97 71.70 6.37 

0.97 0.0x 0.93 0.07 
83.28 7.29 x2.99 8.08 

0.63 0.05 0.60 0.40 

. . .;. ., 
NS 
.: c + 
/ / 
/ 6 , 
3 .:. 

:x . I  i- 

i* 

NS 
4. x * 

NS = Not significant. 
*Significant at the 5% level of confidence. 
***Significant at the 0.1% level of confidence 

Frankfort plane was used to determine the occlusal 
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 sig- 
nificantly greater in the OB group. The OB group dem- 
onstrated more than a 1 mm larger value in this distance 
than did the non-OB group. This was also true of the 
values for the perpendicular distance between the me- 
sial cusp tip of the maxillary first molar and the palatal 
plane, the sella-nasion plane, the Frankfort horizontal 
plane (U6-PP, U6-SN, U6-FH) and the linear distance 
between the maxillary first molar cusp tip and the 
ethmoid registration point (U6-ERP), indicating a 
greater posterior alveolar hyperplasia of the maxilla in 
the OB group. The occlusal plane to palatal plane angle 
(OP-PP) also was significantly greater in the OB group, 
being almost 2” greater than in the non-OB group. 
When the MxOP-PP was evaluated, it was found to be 
less than the values for the OP-PP angles of the non-OB 
cases. 

Anterior mandibular dentoalveolar height (L l-Me) 
was similar in both groups. However, posterior man- 
dibular dentoalveolar height (LGMP) was significantly 
greater in the OB group, as was the angle between the 
occlusal plane and the mandibular plane (OP-MP). 
However, when the mandibular occlusal plane was 
used (MnOP-MP), there was little difference in the 
OP-MP values between the OB and non-OB groups. 

Intermaxillary relationships (Table V) 

There was a significantly greater discrepancy in the 
relative anteroposterior relationship of the maxilla and 
the mandible in the non-OB group than in the OB group 
based on the analysis of the A-N-B angle. However, 
the Wits analysis demonstrated no significant differ- 
ence between the groups. 

The relative anteroposterior position of the maxil- 
lary and mandibular incisors, based on the analysis of 
the incisor overjet, was not significantly different in the 
two groups. The 40 patients who underwent presurgical 
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orthodontic treatment in the non-OB group showed 
significantly higher incisor overjet measures than the 48 
without orthodontics (4.4 versus 2.9 mm, p < 0.01). 
The OB group showed no such variation. The interinci- 
sal angle (Ul-Ll) was significantly greater in the 
non-OB group, averaging 137.2” versus 132.3” in the 
OB group. 

Vertical facial relationships (Table VI) 

The values for AFH, LFH, N-A, and AGn were all 
significantly greater in the OB group. The values for 
AFH, LFH, and AGn were all significantly higher at 
the 0.1% level of confidence and the NA values at the 
1.0% level of confidence. The ratios of the various 
vertical measures were also significant. Posterior facial 
height and upper facial height were the only vertical 
measures that showed no significant difference between 
the two groups. 

Summary of results 

These results indicate that the OB group, as op- 
posed to the non-OB group, has a larger gonial angle, a 
downward and backward positioning of the mandible, a 
larger mandibular plane angle, a longer lower facial 
height. vertical 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 
adult Class III population. Approximately one third of 
the patients in the overall sample of 302 cases had an 
open-bite component to their Class III malocclusion. 
The incidence of open bite found in this sample of adult 
Class III patients may be higher than the incidence of 
open bite in children with a Class III malocclusion. 
This may be due to the nature of the sample used in this 
study. There is general agreement that the Class III 
open-bite malocclusion is difficult to correct orthodon- 
tically. In fact, Sassouni and Nanda34 believe that this 
population of patients should not undergo attempts at 
orthodontic treatment. However, orthodontic correc- 
tion of Class IIl deep-bite malocclusion is normally 
manageable if treatment is instituted at an early age. 
The present sample demonstrated few deep-bite cases, 
and this may reflect a bias in our sample.“” All of the 
cases in the present sample were surgical cases and, 
therefore, deemed not correctable with orthodontic 
treatment alone. We hypothesize that fewer adults with 
Class III deep-bite malocclusion find their way to the 
surgeon, since orthodontic correction of this deformity 

may produce satisfactory results if treated early. Con- 
versely, more cases of adults with Class III open-bite 
malocclusion are seen by the surgeon, since orthodon- 
tic treatment may have been considered impossible 
and/or deferred when the patient was young or may 
have been undertaken unsuccessfully. 

The data from the present study indicate that the 
open-bite component of the Class III open-bite maloc- 
clusion arises below the cranial base. All measures of 
cranial base dimension in the OB group are similar to 
those in the non-OB group. These findings are in con- 
trast to those by Subtelny and Sakuda,“5 who noted a 
shortened posterior cranial base dimension in their 
open-bite sample. 

The major areas of difference between the OB and 
non-OB groups are found in the posterior maxillary and 
mandibular dentoalveolar regions and in the mandible. 

Dentoalveolar regions 

Posterior maxillary dentoalveolar hyperplasia with 
overeruption of the maxillary molars occurred in the 
OB group. This is indicated by various measures. The 
angle between the occlusal plane and the sella-nasion 
plane (SN-OP, Table II) is significantly greater in the 
OB group, which indicates that the occlusal plane in the 
OB group is much steeper than in the non-OB group. 
However, an examination of the maxillary occlusal 
plane angle in the OB group (MxOP-SN, Table II) 
shows that it is much smaller than the occlusal plane 
angle of the non-OB group (14.2” versus 15.6”), which 
indicates that the maxillary occlusal plane angle in the 
OB group is less steep than the non-OB occlusal plane 
angle. The decreased maxillary occlusal plane in the 
OB group is the result of inferiorly positioned maxillary 
molars as verified by the significantly greater values for 
U6-SN, U6-FH, and U6-ERP. 

The fact that the distance between the mandibular 
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 deformity. This 
would be especially detrimental when taken in concert 
with posterior maxillary dentoalveolar hyperplasia. 

One possible cause for an open-bite deformity is 
less eruption of the anterior teeth. In this study, how- 
ever, the anterior maxilla did not demonstrate an inade- 
quate vertical dimension or undereruption of the maxil- 
lary incisors. In fact, the OB group had a significantly 
greater amount of anterior maxillary dentoalveolar 
height. This finding suggests that, in the OB group. the 
malocclusion is not due to an underdevelopment of the 
dentoalveolus in this area but that, instead, adaptations 
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have occurred to perhaps try to overcome the open-bite 
condition by overeruption of the maxillary incisors. 

Mandible 

The mandible seems to be the other major site of 
aberration in the open-bite deformity. The actual man- 
dibular dimensions in the two groups are of interest. 
Although the height of the mandibular ramus and the 
length of the mandibular body are not significantly dif- 
ferent in the two groups (Table III), the effective man- 
dibular length is significantly longer in the OB group 
(mandibular length, Table III). The increase in the 
overall length of the mandible is caused by an increase 
in the gonial angle. The gonial angle is markedly in- 
creased in the OB group, indicating that there is a gross 
difference in mandibular morphology between the OB 
and non-OB groups. This is a remarkable finding since 
studies have shown that the Class III population in 
general has significantly greater gonial angles than 
normal samples. The oblique gonial angle, considered 
by itself, can theoretically contribute to both a Class III 
malocclusion and an open-bite deformity. However, 
the oblique gonial angle is only one aspect of the differ- 
ence in the morphology of the mandibles within the OB 
group. Another is the downward- and backward- 
opening positioning of the mandibular ramus in the OB 
group. Taken together, the oblique gonial angles and 
the downward and backward positioning of the mandi- 
ble contribute significantly to the open-bite deformity 
and give rise to the marked increase in mandibular 
plane angle found in the OB group. 

The consequence of the downward and backward 
positioning of the mandibular ramus in the OB group is 
to make the anteroposterior discrepancy of the Class III 
component of the malocclusion less obvious. This is 
exemplified by the less negative A-N-B values found in 
the OB group. It also accounts for the less protrusive 
position of the mandible and the smaller growth axis 
variable in the OB group. 

Vertical facial relationships 

Analysis of the vertical facial proportions demon- 
strates significant increases in all linear measure- 
ments except upper facial height and posterior facial 
height. The total anterior facial height was markedly 
greater, averaging 6 mm more in the OB group. 
This agrees with the results of several other stud- 
ies.‘.:j4,R.j.41.4X--.ii2 Most investigators attribute the major- 
ity of this increase to the increase in lower anterior 
facial height. i.34.:~f,:~i.41.42.44,47.4X..;X The present study 
confirms this, as lower anterior facial height is 6 mm 
greater on the average in the OB group. 

There is no significant difference in posterior facial 
height in the two groups in this study. However, sev- 

eral other studies show a decrease in posterior facial 
height in their open-bite samples.T,“4,“s,“i.“X.4” The rea- 
son for this discrepancy may be related to the nature of 
our sample. While most investigators agree that poste- 
rior facial height is less in OB patients than in Class I 
controls, few have examined the difference between the 
Class III open-bite and Class III non-open-bite popula- 
tions. Horowitz and co-worker? examined 52 adults 
with mandibular prognathism; in sixteen of these the 
deformity had an open-bite component. There was no 
significant difference in the posterior facial height in 
these two groups. However, when all 52 subjects with 
mandibular prognathism (open-bite and non-open-bite) 
were compared to subjects in a control group, posterior 
facial height was significantly less in the prognathic 
group. When posterior facial height (82 to 83 mm) in 
the present sample is compared to the values given for 
posterior facial height in Class 1 controls (87.7 mm”, 
91.7 mm”‘), the posterior facial height values of the 
present sample are smaller. Thus, our Class III popula- 
tion exhibits decreased PFH values, whether or not an 
open-bite component is present. 

Clinical implications 

In devising a therapeutic regimen for the patient 
with a Class III open-bite malocclusion, in addition to 
the routine aspects of the malocclusion, treatment must 
address the following specific problems: (1) the pres- 
ence of posterior maxillary dentoalveolar hyperplasia; 
(2) a steep mandibular plane angle; (3) an oblique go- 
nial angle; (4) a downward and backward position of 
the mandibular ramus; (5) a long lower anterior face; 
and (6) the Class III anteroposterior malrelationship. 

Although this study did not analyze the spectrum of 
skeletal and dental components of the Class III open- 
bite malocclusion and, instead, provides only mean dif- 
ferences between the open-bite and non-open-bite 
groups, it is impossible to make categorical statements 
as to the most appropriate treatment modalities for the 
correction of this deformity. However, we can discuss 
treatment techniques for the average Class III open-bite 
malocclusion, realizing that treatment of each case 
must be individually planned on the basis of the particu- 
lar dental and skeletal aberrations present in the given 
patient. 

Orthodontic correction of open-bite deformities is 
prone to failure, as it does not address the underlying 
causes of the deformity. In fact, the open-bite group 
has a greater anterior maxillary dentoalveolar height 
than the non-OB group. Thus, orthodontic extrusion of 
the anterior teeth is clearly inappropriate treatment. 

Not all surgical procedures for correcting open-bite 
malocclusions have been universally successful. Re- 
sults of surgery in the mandibular ramus have been 
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Prediction -Mandibular 
set back ONLY 

Fig. 3. Cephalometric tracings of a patient who exhibits a Class III open bite malocclusion. A, Presurgi- 
cat tracing demonstrating maxillary retrusion, mandibular protrusion, and slight open bite. 6, Prediction 
composite tracing of mandibular setback procedure. Note lengthening of mandibular ramus caused by 
rotation of mandible to close open bite component. C, Postoperative composite tracing following maxil- 
lary advancement with posterior intrusion, mandibular setback, and reduction genioplasty. /Vote: The 
mandibular ramus length is unchanged. 

unstable, with variable amounts of postoperative re- 
lapse reported.;‘“P”’ This is not surprising when one 
carefully examines the biomechanics of this procedure. 
Fig. 3 demonstrates the effects of correcting a Class III 
open-bite deformity via a mandibular 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 suprahyoids) are stretched. The 
posterior aspect of the mandible is now in a more in- 
ferior position than it was preoperatively, thus stretch- 
ing the elevator musculature (the masseter, medial 
pterygoid, and temporalis). The mandibular symphysis 
is rotated to a more superior location, stretching the 
suprahyoid musculature (of questionable importance 
when also retruding the mandible). Thus, in the man- 
dibular body the second molar teeth serve as a fulcrum 
for two powerful and opposing muscle groups. 

Experimental documentation of the adverse effects 
of stretching the elevator musculature is offered by 

Carlson and Schneiderman.“’ They cemented bite- 
opening splints onto the occlusal surfaces 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 tendency for the masseter muscle to return to its 
original resting length. Thus, stretching of elevator 
muscles should be avoided whenever possible as in the 
clinical situation of closing an open bite via a mandibu- 
lar ramus operation. The stretched musculature may be 
the primary reason these operations produce unstable 
results. 

Correction of open-bite via anterior segmental sur- 
gical procedures is a very stable procedure.‘” The sta- 
bility of these procedures probably relates directly to 
the noninvolvement of the muscles of mastication in the 
biomechanics of the surgical change. However, an- 
terior segmental osteotomies have limited use in cases 
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of gross skeletal open bite and/or cases of gross an- 
teroposterior malrelationships. 

The total mandibular alveolar osteotomy proposed 
by Macintosh 3,4 also avoids alteration of the muscles of 
mastication and produces good stability. However, 
technical aspects and morbidity of this procedure pre- 
clude its use for routine correction of open-bite defor- 
mities.“” The operation also does not correct the 
posterior maxillary dentoalveolar hyperplasia or the 
aberrant maxillary occlusal plane angle. 

After examining the various aspects of the Class III 
open-bite malocclusion, one can clearly see that this 
deformity is not confined to one particular anatomic 
structure but, instead, involves various aspects of both 
the maxilla and the mandible. It is not surprising, there- 
fore, that treatment may involve surgery in both jaws. 
The treatment that would correct most of the open-bite 
problems in the Class III open-bite deformity would 
include surgical intrusion of the posterior maxilla via 
either segmental or total maxillary surgery. This would 
correct both the posterior maxillary dentoalveolar hy- 
perplasia and the aberrant maxillary occlusal plane an- 
gle. Posterior maxillary intrusion also would allow the 
mandible to autorotate “closed, ” partially correcting 
the high mandibular plane angle and decreasing the 
lower anterior facial height, while at the same time 
worsening the mandibular protrusion. However, this 
treatment would now allow the mandible to be retruded 
via a mandibular ramus osteotomy without stretching 
the masticatory musculature (Fig. 3, C). 

Combined maxillary and mandibular surgery is, in 
our opinion, the most appropriate and stable method of 
correcting the Class III open-bite malocclusion in the 
majority of cases. 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 (mus- 
culature in particular) and the skeletal elements. As 
Carlson and Schneiderma#” have demonstrated very 
effectively, in the continuing struggle between the soft 
and hard tissues of an altered homeostasis, the soft 
tissues will certainly win. 

SUMMARY AND CONCLUSIONS 

Lateral cephalograms of 302 adults with Class III 
malocclusion were studied to determine the frequency 
of open-bite deformity in the sample. Differences in the 
skeletal and dental components between those with and 
those without open-bite as a part of their deformity 
were evaluated in two groups of 88 patients. The fol- 
lowing conclusions can be drawn: 

1. Thirty percent of the entire adult Class III sam- 
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ple exhibited an open-bite component to their Class III 
malocclusion. 

2. The Class III open-bite malocclusion, as com- 
pared to the Class III non-open-bite malocclusion, ex- 
hibits a larger mandibular plane angle, a larger gonial 
angle, downward and backward positioning of the 
mandibular ramus, a longer mandibular length, de- 
creased mandibular protrusion, posterior maxillary and 
mandibular dentoalveolar hyperplasia, anterior maxil- 
lary dentoalveolar hyperplasia, a longer total anterior 
facial and lower anterior facial height, and no differ- 
ence in cranial base. 

Proper diagnosis and treatment planning in cases of 
adult Class III open-bite malocclusion may indicate the 
need for surgical correction of both jaws in a significant 
number of cases. Since, in the average case, aberra- 
tions exist in both the maxilla and the mandible, cor- 
rection via surgery in one jaw only may significantly 
compromise esthetic results and functional skeletal and 
dental stability. 

The authors would like to thank Drs. John Spolyar, 
Donald Shapiro, Martin Moss, James Gallo, John Gaul, and 
Michael Heath for the use of their cephalograms and Robert 
L. Wainright for his help with the data analysis. 
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