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The compensatory mechanism in high-angle
malocclusions: A comparison of subjects in the mixed
and permanent dentition

Dorthe Betzenberger, DDS, Dr. med. dent.; Sabine Ruf, DDS, Dr. med. dent.;
Hans Pancherz, DDS, Odont. Dr.

Abstract: Dentoskeletal morphology was assessed in 191 untreated and unselected children with a hyperdivergent (high-angle)
mandibular plane (ML/NSL 240 degrees) by analyzing lateral roentgenographic cephalograms. The subjects were divided into
mixed dentition and permanent dentition groups, and further divided into subgroups based on the amount of overbite (OB) as a
measure of dentoalveolar compensation of jaw base hyperdivergency: OB < 0 mm (openbite) = insufficient/no compensation; OB
0 to 4 mm (normal overbite) = acceptable compensation; OB > 4 mm (deepbite) = overcompensation. Openbite was observed in 20%
of the children, normal overbite in 50%, and deepbite in 30%. Skeletally, the deepbite mixed dentition group was characterized by
a relatively posterior inclination of the maxilla, while the deepbite permanent dentition group had a relatively anterior inclination
of the mandible. Dentoalveolar compensation was accomplished by relative increases in maxillary and mandibular anterior
dentoalveolar heights in the mixed dentition group and by relative decreases in maxillary and mandibular posterior dentoalveolar
heights in the permanent dentition. Positive overbite was found in the majority (80%) of children with high-angle morphology. Thus,
mandibular hyperdivergency is frequently compensated for. Skeletal characteristics and dentoalveolar compensatory mechanisms

differ with dental maturity and seem to be influenced by mouth breathing and other oral habits.
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igh-angle malocclusion, also

discussed under the head-

ings of hyperdivergency,’
long-face syndrome,” and adenoid
face,?is characterized by increased in-
clination of the mandible in relation
to anterior cranial base.! According
to Riedel,* a high-angle malocclusion
is present in individuals exhibiting a
mandibular plane angle (ML/NSL)
greater than 38 degrees.

Schendel et al.? claimed that in
adult patients, openbite and deepbite
are two variants of long-face syn-
drome. Solow® attributed this to a
process of dentoalveolar compensa-
tion in which the teeth and alveolar
processes adapt to varying jaw-base
relationships, maintaining a func-
tional occlusion despite increased di-
vergence of the jaw bases.

Only a few systematic investiga-
tions of the mechanism of dentoal-
veolar compensation in high-angle
malocclusions in adults*® and juve-
niles”® have been performed, and the
juvenile studies were restricted to
comparisons of different vertical fa-
cial types.

Therefore, the aim of this study was

to analyze skeletal characteristics in
growing high-angle individuals at
different stages of dental maturity,
and to assess possible dentoalveolar
compensatory mechanisms for the
high-angle pattern.

Material and methods

The subject material was selected
from the total patient material of the
Department of Orthodontics at the
University of Giessen, pre-1995. All
children who had lateral headfilms
available, a hyperdivergent man-
dibular plane angle (ML/NSL > 40°
based on pretreatment lateral
headfilms in habitual occlusion), and

in whom all permanent incisors and
tirst permanent molars had erupted
were surveyed. Patients with evi-
dence of craniofacial anomalies, se-
vere respiratory problems (asthma,
cystic fibrosis, etc.), a history of cran-
iofacial trauma, and those who had
received orthodontic treatment were
excluded because of possible influ-
ences on the vertical development of
the dentoalveolar processes or the di-
mension of the midface structures.*"!
Furthermore, in order to avoid ma-
jor differences in craniofacial mor-
phology due to ethnicity, only
children from Central Europe were
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surveyed. One hundred ninety-one
subjects met the selection criteria and
were included in the study.

The subjects were divided into two
groups according to dental maturity:
mixed dentition and permanent den-
tition. These groups were further di-
vided into subgroups based on the
amount of overbite (OB) as a mea-
sure of dentoalveolar compensation:

OB < 0 mm; openbite high-angle
group (insufficient/no compensation)

OB = 0 - 4 mm; normal overbite
high-angle group (acceptable com-
pensation)

OB > 4 mm; deepbite high-angle
group (overcompensation)

The distribution of subjects in the
two dental maturity groups and the
overbite subgroups is shown in
Table 1.

Pretreatment lateral headfilms were
traced, digitized, and analyzed
cephalometrically by one investiga-
tor (DB) using the computer program
Dentofacial Planner 5.3. The linear
enlargement (6%) of the headfilms
was corrected for in the analysis. The
reference points and planes used and
the variables measured are shown in
Figure 1. In assessing vertical facial
morphology, the following skeletal
and dentoalveolar variables were
used.

Skeletal variables

ML/NSL (degrees): Inclination of
mandibular jaw base (ML) to cranial
base (NSL) (= mandibular plane
angle)

NL/NSL (degrees): Inclination of
maxillary jaw base (NL) to cranial
base (NSL) (= maxillary plane angle)

ML/NL (degrees): Inclination of
maxillary jaw base (NL) to mandibu-
lar jaw base (ML) (= interjaw-base

angle)

s-go (mm): Posterior total facial
height

n-gn (mm): Anterior total facial
height

n-spa (mm): Anterior upper facial
height

spa-gn (mm): Anterior lower facial
height
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Dentoalveolar variables

is-NL (mm): Distance of the tip of
the most extruded upper incisor (is)
to maxillary jaw base (NL)

isa-NL (mm): Distance of the apical
point of the most extruded maxillary
incisor (isa) to maxillary jaw base
(NL)

ii-ML (mm): Distance of the tip of
the most extruded mandibular inci-
sor (ii} to mandibular jaw base (ML)

iia-ML (mm): Distance of the apical
point of the most extruded mandibu-
lar incisor (iia) to mandibular jaw
base (ML)

ms-NL (mm): Distance of the mesial
cusp tip of the maxillary first molar
(ms) to maxillary jaw base (NL)

msa-NL (mm): Distance of the api-
cal point of the mesial root of the
maxillary first molar (msa) to maxil-
lary jaw base (INL)

mi-ML (mm): Distance of the mesial
cusp tip of the mandibular first mo-
lar (mi) to mandibular jaw base (ML)

mia-ML (mm): Distance of the api-
cal point of the mesial root of the
mandibular first molar (mia) to man-
dibular jaw base (ML)

Habits

The presence of various habits,
such as mouth breathing, finger or
lip sucking, or tongue-thrust swal-
lowing'? was registered anamnes-
tically and clinically at the time the
profile roentgenograms were taken.

Statistical methods

For each cephalometric variable the
arithmetical mean (mean) and the
standard deviatiort (SD) were deter-
mined. To analyze the statistical dif-
ferences between various subject
groups the Student’s t-test for un-
paired samples was applied. The cor-
relation coefficient r (Pearson) was
used to describe the interrelationship
between the overbite and the skeletal
and dentoalveolar variables.

lr|> 0.80 strong correlation

Ir|=0.40 - 0.80 moderate correla-
tion

lrl< 0.40 weak correlation

In the statistical evaluation, the fol-
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Table 1
Distribution (percentage and
number) of 191 “high-angle”
subjects (ML/NSL > 40°) in two
dental maturity groups and three
overbite subgroups

Overbite Dental maturity
Mixed Permanent
dentition dentition
(mm) (n=144) (n=47)
<0 9% (13) 21.3% (10)
0-4 50.7%(73) 46.8% (22)
>4 40.3% (58) 31.9% (15)

Figure 1

Cephalometric reference points, refer-
ence lines, and skeletal and dentoalveo-
lar variables

lowing levels of significance were
used: ***=p < 0.001; **=p <0.01; *=p
< 0.05; n.s. = p 2 0.05 (not significant).
To determine the method error
(me), lateral headfilms from 20 ran-
domly selected subjects were traced
and digitized twice. Dahlberg’s for-
mula'® was used to calculate the
method error:
2

me= , where d is the differ-

ence betwerén two measurements of
a pair and n is the number of subjects.

The digitizing error (the same trac-
ing digitized twice) did not exceed
0.5 degrees or 0.2 mm. The combined
tracing and digitizing error (the same
headfilm traced and digitized twice)
did not exceed 0.8 degrees or 0.8 mm.



High-angle malocclusion

Table 2
Cephalometric records from 71 high-angle subjects in the mixed dentition and 25 high-angle subjects (ML/NSL > 40°)
in the permanent dentition. A comparison of cases with insufficient/no compensation (openbite) and
overcompensation (deepbite)
Mixed dentition Permanentdentition
Openbite (o) Deepbite (d) Group diff (o-d) Openbite (0) Deepbite(d)  Group diff (o-d)
Variable n=13 n=>58 D n=10 n=15 D
Mean SD Mean SD Mean(D) t-value Mean SD Mean SD Mean(D) t-value

Subject selection
ML/NSL (deg) 42.5 2.44 43.7 2.94 -1.2 -1.37 ns 45.7 3.59 42.5 1.59 3.2 3.02 *
Overbite (mm) -1.5 1.41 6.1 1.27 76 -19.21 ™ -2.3 1.19 5.6 1.15 79 -16.41 =
Skeletal
NL/NSL(deg) 7.3 2.19 9.5 3.07 2.2 -248 * 9.2 4.52 9.3 2.81 0.1 -0.03 ns.
ML/NL(deg) 35.3 3.65 34.2 3.87 11 0.88 n.s. 36.5 5.35 33.3 2.54 3.2 2.02
$ - go (mm) 61.3 3.05 62.5 4.02 -1.2 -0.96 ns 72.5 6.52 67.5 3.52 5.0 249 ~
n-gn{mm) 102.6 4.39 106.0 5.59 -3.4 -208 ~ 121.0 8.29 1121 5.92 8.9 3.14 ™
n-spa(mm) 449 2.2 48.3 2.98 -3.4 -3.88 51.7 2.81 50.2 3.51 1.5 1.11 n.s.
spa-gn{(mm) 57.7 3.22 57.8 3.59 -0.1 -0.06 n.s. 69.3 712 62.0 3.28 7.3 352
Dentoalveolar
is-NL (mm) 24.4 2.14 28.2 217 -3.8 -5.74 *** 28.5 3.72 29.0 1.85 -0.5 -0.38 ns.
isa-NL (mm) 2.0 2.04 3.9 1.77 -1.9 -3.46 6.3 2.26 6.5 2.06 0.2 -023 ns.
ms-NL (mm)  18.3 1.36 19.0 1.88 -0.7 -1.19 ns. 25.0 2.87 21.2 2.01 3.8 3.91
msa-NL{(mm) 0.2 1.1 0.7 1.67 -0.5 -1.01 ns. 6.0 2.89 3.1 1.89 2.9 3.01
ii-ML (mm) 35.2 2.32 38.3 2.31 -3.1 -4.41 39.4 2.62 40.2 2.47 -0.8 -0.78 n.s.
fia-ML (mm) 137  1.92 156 222 19  -283 * 17.9 2.95 185 231 -06 -0.61 n.s.
mi-ML{mm) 276 1.79 273 176 03 0.72 ns. 31.6 3.52 29.1 2.47 25 208 *
mia-ML (mm) 8.3 1.56 7.4 1.62 0.9 1.82 ns. 12.6 3.18 9.4 2.45 3.2 282 **
** = p<0.001
* = p<0.01
*' = p<0.05
n.s. = not significant

Results

Of the total material of 191 high-
angle subjects, 9% exhibited a fron-
tal openbite (OB < 0 mm) in the
mixed dentition and 21% did so in
the permanent dentition (Table 1).
Nearly half the subjects in both den-
tal maturity groups showed a normal
overbite (OB 0 - 4 mm), and more
than one-third of the cases presented
a deepbite (OB > 4 mm).

For further analysis of the skeletal
characteristics and the dentoalveolar
compensatory mechanism, the
openbite and deepbite high-angle
groups were compared. Skeletal and
dentoalveolar variables were evalu-
ated separately.

Skeletal characteristics

In the mixed dentition group, no
significant differences existed for
mandibular plane angle (ML/NSL)
and interjaw-base angle (ML/NL) be-
tween openbite and deepbite sub-
jects. However, the maxillary plane
angle (NL/NSL) was, on average, 2.2
degrees larger (p < 0.05) in the
deepbite group than in the openbite
group. The values for anterior upper
facial height (n-spa) and total facial
height (n-gn) were significantly (p <
0.001 and p < 0.05, respectively)
greater (mean = 3.4 mm) in the
deepbite group.

In the permanent dentition, the
mandibular plane angle (ML/NSL)
and interjaw-base angle (ML/NL)
were, on average, 3.2 degrees larger
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(p<0.01 and p < 0.05, respectively) in
the openbite group than in the
deepbite group. Concerning the incli-
nation of the upper jaw base (NL/
NSL), no significant group difference
was found. Anterior lower facial
height (spa-gn) and anterior total fa-
cial height (n-gn) were significantly
smaller (mean = 7.3 mm and 8.9 mm,
respectively, p < 0.01) in the deepbite
group than in the openbite group.
The same was true for posterior to-
tal facial height (s-go; mean = 5.0
mm, p < 0.05).

Dentoalveolar compensatory
mechanism

The dentoalveolar compensatory
mechanism was analyzed using the
following linear parameters: is-NL,
isa-NL, 1i-ML, iia-ML, ms-NL, msa-

Vol. 69 No. 1 1999 29



Betzenberger; Ruf; Pancherz

Table 3
Linear correlation between the
overbite and skeletal and
dentoalveolar variables. Analysis of
191 high-angle subjects (ML/NSL >
40° in the mixed dentition and
permanent dentition
Dental maturity
Mixed Permanent
Variable dentition dentition
(n =144) (n=47)
r - value Sig r — value Sig
Skeletal
ML/NSL 0.07 n.s. -0.43 >
ML/NL -0.07 n.s. -0.33 *
NL/NSL 0.15 n.s. -0.01 n.s.
s-go 0.08 n.s. -0.41 >
n-gn 0.12 ns. -0.48  ***
n-spa 033 -0.18 n.s.
spa-gn -0.08 n.s. -0.53 ***
Dentoalveolar
is-NL 046 *** 0.02 n.s.
isa-NL 0.24 > -0.06 n.s.
ms-NL  0.02 ns. -0.58  ***
msa-NL  0.03 n.s. -0.51 e
ii-ML 033 0.13 ns.
iia-ML 0.24 ** 0.11 n.s.
mi-ML  -0.11  n.s. -0.35 *
mia-ML  -0.20 * -0.47
*** = p< 0.001% level of significance
* = p<0.01% level of significance
* = p<0.05% level of significance
n.s. = nosignificance

NL, mi-ML, mia-ML (Table 2).

In the mixed dentition, the deepbite
group exhibited relative increases in
the distances of the maxillary (mean
= 3.8 mm, p< 0.001) and mandibular
(mean = 3.1 mm, p< 0.001) incisor
tips to their jaw bases when com-
pared with the openbite group. In the
molar region, on the other hand, no
group differences in dentoalveolar
heights existed. Measurements of the
apex points showed the same ten-
dency as those using the incisal and
molar cusp tips as references.

In the permanent dentition, the
deepbite group exhibited relative de-
creases of the distances of the maxil-
lary (mean = 3.8 mm, p< 0.001) and
mandibular (mean = 2.5 mm, p< 0.05)
molar cusp tips to their jaw bases
when compared with the openbite
group. In the frontal region, on the
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Table 4
Occurrence (percentage, number) of habits in 71 high-angle subjects in the
mixed dentition and 25 high-angle subjects in the permanent dentition.
Division of the subjects with respect to the amount of overbite (OB): open
bite (OB < 0 mm) and deep bite (OB > 4 mm)

Mixed dentition

Permanent dentition

tongue-thrust
swallowing

Habits Openbite  Deepbite Openbite  Deepbite
n=13 n=58 n=10 n=15

Mouth breathing 61.5% (8) 48.3% (28) 50% (5) 46.7%(7)

Finger sucking and/or

lip sucking and/or 92.3% (12) 53.5% (31) 80% (8) 60% (9)

other hand, no group differences in
dentoalveolar heights were found.
Again, measurements of the apex
points showed the same tendency as
those using the incisal and molar
cusp tips as references.

The results of the correlation analy-
sis are given in Table 3.

In the mixed dentition, a weak posi-
tive correlation (r = 0.33; p < 0.001)
between overbite and anterior upper
facial height (n-spa) was seen. Fur-
thermore, overbite was significantly
correlated with the distances of the
maxillary (r = 0.46; p < 0.001) and
mandibular (r = 0.33; p < 0.001) inci-
sor tips to their jaw bases. The same
was true for the maxillary and man-
dibular incisal apex points.

In the permanent dentition, weak
negative correlations existed be-
tween overbite and the following pa-
rameters: mandibular plane angle
ML/NSL (r = -0.43; p < 0.01),
interjaw-base angle ML/NL (r = -
0.33; p < 0.05), posterior total facial
height s-go (r = -0.41, p < 0.01), ante-
rior total facial height n-gn (r = -0.48,
p < 0.001), and anterior lower facial
height spa-gn (r = -0.53; p < 0.001). In
addition, overbite correlated signifi-
cantly with the distances of the max-
illary (r = -0.58; p < 0.001) and
mandibular (r = -0.35; p < 0.05) mo-
lar cusp tips to their jaw bases. Mea-
surements of the maxillary and
mandibular molar apex points
showed the same tendency.
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Habits

The occurrence of mouth breathing
and the presence of other oral habits
are shown in Table 4. A larger per-
centage of subjects with habits was
found in the openbite group than in
the deepbite group. This was espe-
cially true for the mixed-dentition
subjects.

Discussion

To exclude interobserver variation
and to minimize the error of the
method, all lateral headfilms were
traced by the same investigator. Both
the digitizing error and the combined
tracing and digitizing error were
comparable with those of other
studies.®"

It would have been desirable to
have longitudinal instead of cross-
sectional data of untreated high angle
subjects to improve our understand-
ing of the nature of compensatory
mechanisms; for ethical reasons,
however, this was not possible.

In the present subject material, most
(80%) high-angle cases exhibited ei-
ther a normal overbite or a deepbite,
which can be interpreted as accept-
able compensation or overcompensa-
tion of the diverging jaw-base
relationship. The skeletal character-
istics and dentoalveolar compensa-
tory mechanisms, however, differed
with dental maturity. In the mixed
dentition, the overcompensated
(deepbite) high-angle group exhib-
ited a relative posterior inclination of



the maxilla (Figure 2) and relative
extrusion of the maxillary and man-
dibular incisors (Figure 4). In the per-
manent dentition, on the other hand,
the deepbite high-angle group exhib-
ited a relative anterior inclination of
the mandible (Figure 3) and relative
intrusion of the teeth in the maxillary
and mandibular molar regions (Fig-
ure 5).

A reason for the differing compen-
satory mechanisms in the two dental
maturity groups might be sought in
the masticatory muscle activity,
which increases with age.”® Elec-
tromyographic activity is known to
be proportional to bite force,’® and
increased bite forces in the older (per-
manent dentition) subjects might
have contributed to the compensa-
tion of the diverging jaw bases by a
relative intrusion of the molars, thus
hindering a posterior rotation of the
mandible.

Another explanation for why some
high-angle cases exhibited overcom-
pensation of the divergent jaw-base
relationship while others did not
may be the influence of habits. A
frontal openbite, as seen in the

openbite group, was present more

frequently in subjects with mouth
breathing. Limme!’ claimed that the
open-mouth position during mouth
breathing induces a new postural
position of the mandible, altering the
pattern of growth toward a long face.
Additionally, in mouth breathing
children who had enlarged adenoids,
Linder-Aronson" found a change in
head and tongue posture leading to
a typical facial appearance with a
high mandibular plane angle, in-
creased lower facial height, and fron-
tal openbite.

In the present study, oral habits like
finger or lip sucking and tongue-
thrust swallowing were seen in a
high percentage of subjects with in-
sufficient or no compensation
(openbite) of the vertical jaw-base di-
vergency. This was true both for the
mixed (92.3%) and permanent (80%)
dentition groups. These findings are

High-angle malocclusion

NSL

--. open bite

— deep bite

ML

Figure 2

Schematic illustration of skeletal character-
istics in overcompensated (deepbite) and
insufficient/not compensated (openbite)
mixed dentition high-angle cases.

NSL

NL

- - open bite

— deep bite N

ML

Figure 3

Schematic illustration of skeletal character-
istics in overcompensated (deepbite) and
insufficient/not compensated (openbite)
permanent dentition high-angle cases.

in concordance with those of several
other authors'”?! who found an asso-
ciation between oral habits and fron-
tal openbite.

Conclusion

In conclusion, it can be said that in
the majority of children (80%) with
high-angle morphology, mandibular
hyperdivergency is compensated for,
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{Jopen bite
" _ideep bite

] open bite
| deep bite

Figure 4

Schematic itlustration of dentoalveolar
compensatory mechanism in overcompen-
sated (deepbite) and insufficient/not
compensated (openbite) mixed dentition
high-angle cases.

[} open bite
{}deep bite

[_lopen bite
[TJdeep bite

Figure 5

Schematic illustration of dentoalveolar
compensatory mechanism in overcompen-
sated (deepbite) and insufficient/not
compensated (openbite) permanent
dentition high-angle cases.
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resulting in a positive overbite. The
skeletal characteristics and dentoal-
veolar compensatory mechanisms
differ with dental maturity. Mouth
breathing and other oral habits seem
to have an impact on both the skel-
etal morphology and the compensa-
tory mechanism. Studies are in
progress to elucidate the effect of
orthodontic treatment in compen-
sated and noncompensated high-
angle malocclusions.
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