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Molar height and dentoalveolar compensation in adult subjects with

skeletal open bite

Josef Kuceraa; Ivo Marekb; Hana Tycovac; Tiziano Baccettid

ABSTRACT
Objective: To evaluate the skeletal and dentoalveolar components in adult subjects with skeletal
open bite in the presence or absence of dental compensation.
Materials and Methods: The study sample included 69 adult female subjects who belonged to
three groups according to skeletal vertical relationships and overbite. A total of 15 variables (5
angular, 10 linear) were evaluated. Values in the dentally compensated open bite group (COBG),
the dentally noncompensated open bite group (NCOBG), and the control group with normal vertical
skeletal relationships and overbite (CG) were compared by means of parametric statistics.
Results: The COBG and the NCOBG showed significantly greater incisor and molar heights in
both jaws than the CG. No significant difference in upper or lower molar height was found between
COBG and NCOBG. Incisor height was significantly greater in COBG than in NCOBG. Elongation
in the incisor region was accompanied by significant narrowing of the lower anterior alveolar
process in both skeletal open bite groups. Proclination of the upper incisors was significantly
smaller in the COBG than in the other groups.
Conclusions: Dentoalveolar components consisting of incisor elongation and inclination play a
significant role in compensating for skeletal open bite configuration in adult subjects. Increased molar
height is a common finding in adults with skeletal open bite. (Angle Orthod. 2011;81:564–569.)
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INTRODUCTION

Skeletal open bite patients present a severe
challenge in orthodontic treatment. In growing patients,
relative intrusion of the molars is recommended to
control for vertical development of the jaws.1 In adult

patients, absolute intrusion of posterior occlusal
segments can be performed with the aid of temporary
anchorage devices,2–10 and surgical treatment can be
considered as well. The choice of treatment protocol
depends on many factors, including esthetic and
occlusal aspects, morphologic characteristics, and
the severity of the skeletal anomaly.11–26

The indication for molar intrusion is often based on the
assumption that the value of molar height in open bite
patients isgreater than in the ‘‘normal population.’’2,6,10,27–29

Many authors state that increased molar height is one
of the common features of individuals with dentoskeletal
open bite, and they advocate molar intrusion to correct
the disharmony.12–21,30,31 However, other authors do
not support these claims.15,22–24 In a subpopulation of
subjects with skeletal open bite, dental compensation
occurring in the frontal region may significantly limit the
negative overbite. In fact, these patients present with a
normal or even excessive dental overbite (dentally
compensated skeletal open bite).11

The aims of the present prospective study were (1)
to analyze the dentofacial characteristics of adult
subjects with skeletal open bite in comparison with
adult subjects with normal vertical skeletal character-
istics and ideal occlusion, and (2) to compare the
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dentoalveolar features of subjects showing compen-
sated vs noncompensated skeletal open bite.

MATERIALS AND METHODS

Our sample included 69 pretreatment cephalograms
of adult white female subjects. An informed consent
was obtained from each of the subjects enrolled in this
prospective study. The minimum age requirement was
17 years, and lateral cephalograms had to be taken
after active circumpubertal growth stage CS6 had
been completed, according to the cervical vertebral
maturation method described by Baccetti et al.32

The study sample comprised three groups catego-
rized according to vertical skeletal relationships and
overbite. The control group (CG; n 5 23; mean age,
24.6 years) included subjects who met the following
criteria: bilateral Class I angle occlusion, NS-ML angle
within the range of 33 6 6 degrees, and overbite
measuring 1 to 4 mm; subjects in the dentally
compensated open bite group (COBG; n 5 20; mean
age, 25.5 years) met the following criteria: NS-ML
angle greater than 40 degrees and overbite greater
than 0.5 mm; and the dentally noncompensated open
bite group (NCOBG; n 5 20; mean age, 23.7 years)
consisted of subjects for whom the following criteria
applied: NS-ML angle greater than 40 degrees and
negative overbite (ie, less than 0 mm).

All cephalograms were traced by hand on acetate
paper over an illuminated viewbox. The data measured
were evaluated within an accuracy of 0.5 mm and 0.5
degrees. All tracings and evaluations were performed

by the same operator. A total of 15 parameters were
evaluated—5 angular and 10 linear. The list of
variables can be derived from Table 1. A graphic
representation of the cephalometric parameters is
shown in Figures 1A and 1B. Owing to the varying
magnification of individual cephalograms, all linear
parameters were recalculated, and data are shown at
life size.

Statistical Analysis and Measurement Error

An estimate of the power of the study was performed
on the basis of the effect size of a relevant variable
(MX6:NLPb) at a 5 .05, with a sample size of 23
subjects in each group.33 The power of the study in
each of the observed groups exceeded 0.90. An
exploratory test (Shapiro-Wilks test) revealed normal-
ity of the distribution for all variables within each group.
Therefore, parametric statistics was used. Between-
group comparisons (COBG vs NCOBG vs CG) were
performed using analysis of variance (ANOVA). When
parameters revealed statistically significant differenc-
es, post hoc Bonferroni tests were carried out for
multiple comparisons (Table 2). All tests were per-
formed at the level of statistical significance of .05. All
statistical analyses were performed using the Statisti-
cal Package for the Social Sciences (SPSS) software
package, version 15 (SPSS Inc., Chicago, Ill).

One month after measurements were taken, the
main investigator retraced 20 randomly chosen ceph-
alograms, and the error of measurement was deter-
mined using intraclass correlation coefficients (ICCs).
Correlations for repeated measurements were statis-
tically significant for all variables at the .01 level.
Correlation analysis showed the highest r value of
0.990 for lower face height (LFHb) and the lowest r
value of 0.784 for the width of the anterior maxillary
alveolar process (MXADb).

RESULTS

Descriptive statistics for the variables included in this
study is provided in Table 1. Table 2 shows the results
of between-group comparisons (Bonferroni). Results
for selected dentoalveolar variables are shown in
Figure 2.

Upper (MX6:NLPb) and lower (MD6:MLPb) molar
heights were significantly greater in COBG and
NCOBG than in CG. However, no significant difference
in molar height was noted between COBG and
NCOBG. Both mandibular and maxillary incisor
heights were significantly greater in COBG and
NCOBG than in CG. Both upper (MX1:NLPb,
MXIABHb) and lower (MD1:MLPb, MDIABHb) incisor
heights were significantly smaller in NCOBG than in
COBG. Increased incisor height was accompanied by

Table 1. Descriptive Statistics of Cephalometric Variablesa

Variables

CGb COBGb NCOBGb

Mean SDb Mean SD Mean SD

Go angle 121.5 5.2 129.2 5.9 131.0 6.0

NSML 32.5 2.9 46.2 4.3 44.2 3.5

NLML 23.3 3.1 36.7 4.7 35.7 4.8

1:ML 97.3 5.6 89.0 8.1 89.2 7.7

1:NS 104.1 5.5 95.3 7.1 101.3 5.6

MX6:NLPb 21.8 1.5 24.6 1.9 25.2 2.4

MD6:MLPb 30.6 1.5 32.7 2.6 32.4 2.3

MXIABHb 29.3 1.5 33.0 2.5 31.3 2.7

MX1:NLPb 26.3 1.5 31.6 2.6 29.4 3.0

MDIABHb 38.9 2.0 44.0 2.8 41.7 2.6

MD1:MLPb 39.1 1.9 43.4 3.1 41.1 2.6

MDADb 6.9 1.0 5.8 1.5 5.6 1.1

MXADb 9.2 0.9 9.3 1.4 8.7 0.9

ArGob 45.7 2.8 39.9 2.4 43.5 3.8

LFHb 62.5 2.6 72.7 4.2 72.9 5.2

a Angular variables measured in degrees: Go angle, NSML, NLML,

1:NS, and 1:ML. Linear variables measured in millimeters (mm):

MX6:NLPb, MD6:MLPb, MXIABHb, MX1:NLPb, MDIABHb,

MD1:MLPb, MDADb, MXADb, ArGob, and LFHb.
b CG, control group; COBG, compensated open bite group;

NCOBG, noncompensated open bite group; SD, standard deviation.
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significant narrowing of the alveolar process in the
mandibular frontal region (MDADb) in both COBG and
NCOBG. The buccal inclination of the lower incisors
(1:ML) was significantly smaller in COBG and NCOBG

than in CG. The buccal inclination of the upper incisors
(1:NS) was significantly smaller in COBG than in
NCOBG. No significant difference in the inclination of
the upper incisors was observed in NCOBG compared
with CG.

DISCUSSION

The purpose of this study was to identify morpho-
logic differences at the dentoalveolar level between
subjects in two skeletal open bite groups with or
without dental compensation (COBG, NCOBG) and a
control group (CG) with normal vertical and sagittal
relationships. The study sample included only female
subjects in whom growth had been completed. The
method of this study, therefore, respected skeletal
maturation and sexual dimorphism to avoid potential
bias of the results deriving from analysis of different
growth phases34 or intersexual differences.27

Both upper and lower molar heights were signifi-
cantly greater in COBG and NCOBG than in CG.
These results confirm previous observations12–21 and
demonstrate that both upper and lower molars are
significantly more extruded in skeletal open bite

Figure 1. Tracing of cephalometric x-ray (A) and dentoalveolar variables (B). Angular variables (degrees): Go angle—Ar-Go-Me angle; NSML—

angle NS-ML; NLML—angle NL-ML; 1:ML—inclination of lower incisors to ML; and 1:NS—inclination of upper incisors to NS. Linear variables

(mm): MX6:NLPb—upper molar height, distance between MB cusp of upper first molar on perpendicular line to NL27; MD6:MLPb—lower molar

height, distance between MB cusp of lower first molar on perpendicular line to ML27; MXIABHb—upper incisor length in long axis of alveolar

process26; MX1:NLPb—upper incisor length on perpendicular to NL27; MDIABHb—lower incisor length in long axis of alveolar process26;

MD1:MLPb—lower incisor length on perpendicular to ML27; MDADb—width of lower anterior alveolar process26; MXADb—width of upper anterior

alveolar process26; ArGob—mandibular ramus length (Ar-Go); and LFHb—lower facial height (ANS-Me).

Table 2. Significance of Intergroup Differencesa

Variables

CG and

COBGb

CG and

NCOBGb

COBG and

NCOBGb

Go angle **** **** NSb

NSML **** **** NS

NLML **** **** NS

1:ML *** *** NS

1:NS **** NS **

MX6:NLPb **** **** NS

MD6:MLPb ** * NS

MXIABHb **** * *

MX1:NLPb **** *** **

MDIABHb **** *** **

MD1:MLPb **** * **

MDADb ** ** NS

ArGob **** NS ***

LFHb **** **** NS

a Tests were performed at a statistical level of significance of P , .05.
b CG, control group; COBG, compensated open bite group;

NCOBG, noncompensated open bite group; NS, not significant.

* P , .05; ** P , .01; *** P , .001; **** P , .0001.
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Figure 2. Graphic representation of results for selected dentoalveolar variables. Error bars represent standard deviations. CG, control group;

COBG, compensated open bite group; and NCOBG, noncompensated open bite group.
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subjects than in normal controls. From a clinical point of
view, these data suggest that a primary goal of treatment
for a skeletal open bite can be represented by intrusion
of the upper and/or lower molar regions. Bony anchor-
age can be extremely useful in this regard.

We also found that in both skeletal open bite groups,
the incisor regions were significantly elongated,
regardless of the measurement method used. Once
again, these results are consistent with those of
previous studies,1,12,19–21 but they contradict those
reported by Nahoum et al.,22–24 who found smaller
values for incisal height in patients with open bite than
in control group patients. When we evaluated incisor
height along the long axis of the alveolar process,
where the results are not biased by the inclination of
incisors, dentoalveolar height of the mandibular
incisors (MDIABHb) provided the greatest contribution
to the dental compensatory process, as published
previously by other authors.11,25,26 Therefore, vertical
dentoalveolar compensation in skeletal open bite adult
patients appears to be caused by significant elongation
of both upper and lower incisors, with lower incisors
playing a more important role. This confirms that
excessive extrusion of incisors in open bite treatment
may bring results that are neither stable nor esthetic.1

Also, in open bite patients undergoing orthognathic
surgery, extrusion of the incisors is to be avoided in
presurgical orthodontics to decrease the risk of dental
relapse after surgery.31

Significant differences were found in the buccal
inclinations of upper and lower incisors to NS and ML,
along with significantly smaller values in COBG and
NCOBG than in CG. In the presence of an increased
mandibular plane angle, the lower incisors tended to
show more pronounced lingual inclination, which is
consistent with results reported by Beckmann et al.,11

Björk,15 Björk and Skieller,16 and Frost et al.19 Although
NCOBG did not differ significantly from CG, signifi-
cantly retroclined upper incisors were noted in COBG.
This finding corresponds to results reported by
Beckmann et al.11 and Kuitert et al.26 Proclination of
incisors during poorly managed biomechanics can
result in iatrogenic bite opening in compensated open
bite patients. Outcomes related to incisor compensa-
tion in skeletal open bite subjects were corroborated by
analysis of the three groups according to sagittal
skeletal relationships. In fact, both COBG and NCOBG
presented with a higher prevalence rate of Class II
tendencies than was observed in CG. This was due to
the effect of vertical skeletal relationships with skeletal
open bite in facilitating the establishment of skeletal
Class II relationships.13,31

Finally, the present study revealed a significant
difference between both COBG and NCOBG vs CG in
terms of width of the incisor alveolar process in the

mandible (MDADb). Similar findings were reported by
Beckmann al.11,25 and Kuitert et al.26 This difference
implies that in skeletal open bite patients, the apices of
the lower incisors may be located very close to the
vestibular bone cortex because of the narrow mor-
phology of the alveolar process. When high angle
patients are treated, buccolingual position and inclina-
tion of the lower incisors should be altered with
caution, to avoid the risk of root resorption or
periodontal problems.

CONCLUSIONS

N Increased molar height is a common finding in adult
skeletal open bite subjects. Orthodontic treatment in
these patients should be aimed primarily at limiting or
correcting excessive dentoalveolar height in the
upper and lower posterior regions.

N Incisor height was significantly greater in dentally
compensated skeletal open bite vs dentally non-
compensated skeletal open bite subjects; upper
incisors were significantly more retroclined in den-
tally compensated subjects.

N A significantly narrower alveolar process was found
in the incisor region of the mandible in both skeletal
open bite groups. Large excursions of the lower
incisors during orthodontic movement in skeletal
open bite patients should be avoided to prevent the
risk of root resorption and bone dehiscence.
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