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Association between Bjork’s Structural Signs of
Mandibular Growth Rotation and
Skeletofacial Morphology

Julia von Bremen?;, Hans Pancherz®

Abstract: The aim of this study was to apply Bjork’s structural signs of mandibular growth
rotation to answer the questions: (1) Is a hyperdivergent or hypodivergent skeletofacial growth
pattern characterized by a specific mandibular morphology? (2) Are severe skeletofacial hyper-
or hypodivergencies recognized more easily than mild ones? (3) Are skeletofacial hyper- or
hypodivergencies recognized more easily in older than in younger subjects? Mandibular cut-
tings from lateral head films of 135 Class | or Class Il subjects were surveyed twice by nine
observers. Of the 135 subjects, 95 subjects exhibited a large (ML/NSL > 38°) and 40 a small
(ML/NSL < 26°) mandibular plane angle. Using the structural signs of mandibular growth
rotation, the observers had to categorize the subjects as having either a high-angle or low-
angle skeletofacial morphology. In 14% (13 of 95) of the subjects with a large ML/NSL angle,
the skeletofacial hyperdivergency was recognized in all registrations, but in 19% (18 of 95),
the hyperdivergency was identified in less than half of the registrations. In 63% (25 of 40) of
the subjects with a small ML/NSL angle, the skeletofacial hypodivergency was recognized in
all registrations, whereas in only 2.5% (one of 40), the hypodivergency was identified in less
than half of the registrations. There was no association between the degree of hypo- or hy-
perdivergency or the age of the subjects and the number of correct registrations. Using the
structural method of Bjork, it was difficult to categorize the subjects as having either a hyper-
or hypodivergent skeletofacial morphology. However, hypodivergency was recognized more
easily than hyperdivergency. (Angle Orthod 2005;75:506-509.)
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INTRODUCTION

Because patients with a posterior mandibular growth
rotation (hyperdivergent growth pattern) are assumed
to be more difficult to treat than those with an anterior
mandibular rotation (hypodivergent growth pattern), it
seems important to identify the existing mandibular
growth pattern before treatment.

Bjork* drew attention to the possibility of predicting
the mandibular growth pattern by looking at specific

a Assistant Professor, Department of Orthodontics, University
of Giessen, Giessen, Germany.

b Professor and Head, Department of Orthodontics, University
of Giessen, Giessen, Germany.

Corresponding author: Julia von Bremen, DDS, Dr med dent,
Department of Orthodontics, University of Giessen, Schlangen-
zahl 14, Giessen-35392, Germany
(e-mail: Julia.v.bremen@dentist.med.uni-giessen.de)

Accepted: May 2004. Submitted: April 2004.
© 2005 by The EH Angle Education and Research Foundation,
Inc.

Angle Orthodontist, Vol 75, No 4, 2005

506

anatomic mandibular structures. He suggested seven
structural signs seen on lateral head films for the iden-
tification of the mandibular growth rotation: (1) incli-
nation of the condylar head, (2) curvature of the man-
dibular canal, (3) shape of the lower border of the
mandible, (4) inclination of the symphysis, (5) interin-
cisal angle, (6) interpremolar or intermolar angle, and
(7) anterior lower face height.

In the past, various attempts have been made to
assess the reliability of mandibular growth prediction
using mandibular anatomic structures. Some authors
could find an association between mandibular mor-
phology and future growth direction,?-> whereas others
reported difficulties and found the method unreliable.5-**

To our knowledge, no study exists with respect to
the question, whether or not Bjork’s structural signs of
mandibular growth rotation are associated with hyper-
divergent or hypodivergent skeletofacial morphology.
Furthermore, it remains unclear whether or not these
structural signs become more obvious with increasing
age.



SKELETOFACIAL MORPHOLOGY

Applying Bjork'st structural signs of mandibular
growth rotation, the aim of this radiographic cephalo-
metric study was to answer the following questions:
(1) Is a hyper- or hypodivergent skeletofacial mor-
phology detectable? (2) Are severe cases of skeleto-
facial hyper- or hypodivergency recognized more eas-
ily than mild cases? (3) Is skeletofacial hypo- or hy-
perdivergency recognized more easily in older than in
younger subjects?

MATERIALS AND METHODS

Pretreatment lateral head films of all Class | and
Class Il patients who were treated at the Orthodontic
Department, University of Giessen during a five-year
period (1998-2003) were screened. Only those sub-
jects having a hyperdivergent (ML/NSL > 38°) or hy-
podivergent (ML/NSL < 26°) skeletofacial morphology
before treatment were considered. A total of 135 sub-
jects fulfilled these criteria, 95 with a large (mean =
41.44°, SD = 2.46°) and 40 with a small (mean =
23.43°, SD = 2.00°) mandibular plane angle (ML/
NSL).

All pretreatment lateral head films were duplicated,
and the mandibular part was cut out so no reference
existed to surrounding anatomic structures. The man-
dibular cuttings were evaluated twice by nine observ-
ers (six postgraduate students and three specialists in
orthodontics), resulting in 18 registrations of each ra-
diograph. Without any knowledge of the mandibular
plane angle, the observers had to categorize the sub-
jects as having either a hyper- or hypodivergent ske-
letofacial morphology. This was to be done using the
following four structural signs of mandibular growth ro-
tation proposed by Bjork:* (1) inclination of the con-
dylar head, (2) curvature of the mandibular canal, (3)
shape of the lower border of the mandible, and (4)
inclination of the symphysis.

For further evaluation the subjects were divided into
four age groups.

* Group I: <10 years

* Group Il: 10-13.9 years
» Group Ill: 14-18 years
» Group IV: >18 years

Applying the Spearman correlation coefficient, it was
determined whether a relationship existed between the
degree of hyper- or hypodivergency or the age of the
subjects and the number of correct registrations.

RESULTS

In 13 (14%) of the 95 subjects with a large ML/NSL
angle, the skeletofacial hyperdivergency was recog-
nized in all 18 registrations, whereas in 18 (19%) of
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[ recognized in all 18 registrations
W recognized in 16-17 registrations
O recognized in 12-15 registrations
M recognized in 9-11 registrations
recognized in < 9 registrations
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FIGURE 1. Recognition of the existing mandibular growth pattern in
95 hyperdivergent subjects. Distribution (%) of 1710 registrations (18
registrations of each mandible).
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Hypodivergency:

& recognized in all 18 registrations
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W recognized in 16-17 registrations
O recognized in 12-15 registrations
@ recognized in 9-11 registrations
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' 62% recognized in < 9 registrations

FIGURE 2. Recognition of the existing mandibular growth pattern in
40 hypodivergent subjects. Distribution (%) of 720 registrations (18
registrations of each mandible).

the subjects, the hyperdivergency was identified in
less than half of the registrations (Figure 1).

In 25 (62%) of the 40 subjects with a small ML/NSL
angle, the skeletofacial hypodivergency was recog-
nized in all 18 registrations, whereas in only one sub-
ject (3%), the hypodivergency was identified in less
than half of the registrations (Figure 2).

Although the subjects with the highest (55.5°) and
with the lowest (14.5°) ML/NSL angle were identified
in all 18 registrations, no association existed between
the degree of hyper- or hypodivergency and the num-
ber of correct registrations (Figures 3 and 4).

Furthermore, there was no association between the
age of the subjects and the number of correct regis-
trations (Figures 5 and 6).

DISCUSSION

Using metal implants as references, in 1955, Bjork*2
described the phenomena of anterior and posterior
mandibular growth rotation. In a later publication, he
differentiated between three types of mandibular ro-
tation and described total, matrix, and intramatrix ro-
tations.*® The total rotation is the angular change of an
implant line to SN. The matrix rotation is the angular
change of the ML to SN. The intramatrix rotation is the
angular change of the ML to the implant line, which
expresses the change because of the remodeling pro-
cess of the mandibular lower border.
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FIGURE 3. Distribution of the ML/NSL angle in 95 hyperdivergent
subjects according to the number of correct registrations (hyperdiv-
ergency recognized). Group A, recognized in all 18 registrations;
group B, recognized in 16—17 registrations; group C, recognized in
12-15 registrations; group D, recognized in nine to 11 registrations;
and group E, recognized in less than nine registrations.
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FIGURE 4. Distribution of the ML/NSL angle in 40 hypodivergent
subjects according to the number of correct registrations (hypodiv-
ergency recognized). Group A, recognized in all 18 registrations;
group B, recognized in 1617 registrations; group C, recognized in
12-15 registrations; group D, recognized in nine to 11 registrations;
and group E, recognized in less than nine registrations.

Hyperdivergency:
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O recognized in 12-15 registrations
B recognized in 8-11 registrations
@ recognized in <9 registrations

(n=31)  (n=49)  (n=10) (n=5)

FIGURE 5. Recognition of the existing mandibular growth pattern in
95 hyperdivergent subjects in relation to subject’s age. Group |, <10
years; group I, 10-13.9 years; group Ill, 14-18 years; and group IV,
>18 years.
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FIGURE 6. Recognition of the existing mandibular growth pattern in
40 hypodivergent subjects in relation to subject’s age. Group I, <10
years; group I, 10-13.9 years; group Ill, 14-18 years; and group IV,
>18 years.

We measured the matrix rotation by the change of
the ML/NSL angle. This form of rotation is the differ-
ence between the total rotation (angular change of an
implant line) and the intramatrix rotation (remodeling
process of the mandibular lower border compensating
the total mandibular growth rotation). Thus, in case of
an anterior mandibular growth rotation, bone resorp-
tion takes place at the posterior part of the lower man-
dibular border and apposition at the anterior part. In
case of a posterior mandibular growth rotation, the op-
posite is true. Consequently, because of the remod-
eling processes, the growth rotation is masked and
what we see on lateral head films with respect to the
change of the mandibular plane angle (ML/NSL) is
less rotation than what actually takes place.

All previous studies on the validity of Bjork’s struc-
tural method were concerned with the prediction of
mandibular growth rotation.?** Indirectly, this study
also deals with mandibular growth rotation but focuses
especially on the outcome of that rotation on the ske-
letofacial morphology. Bjork based his growth predic-
tion on untreated subjects, and in the present study,
the subjects also were evaluated before orthodontic
therapy.

Only those subjects were selected who had a clear
hyper- (ML/NSL > 38°) or hypodivergent (ML/NSL <
26°) skeletofacial morphology because they were ex-
pected to have had an obvious posterior or anterior
mandibular growth rotation during the preexamination
period. Whether these patients really will grow in the
direction implied by the mandibular plane angle during
orthodontic intervention was not examined in this
study. Because the head films were taken in habitual
occlusion, the evaluation of the condylar head was dif-
ficult because it was hidden behind the petrosus part
of the temporal bone. Furthermore, because of double
contours, the curvature of the mandibular canal was
also difficult to identify on many radiographs. Conse-
quently, the categorization into the two groups (hyper-
or hypodivergent skeletofacial morphology) was done
mainly by the evaluation of the inclination of the sym-



SKELETOFACIAL MORPHOLOGY

physis and the shape of the lower border of the man-
dible. This is in accordance with Bjork's later recom-
mendations because he also found it difficult to rec-
ognize the inclination of the condyle and the shape of
the mandibular canal.

In previous studies, the symphysis was found to be
a reliable growth indicator.2® Its shape was found to
be associated with the direction of mandibular growth.
However, the shape of the mandibular lower border as
a predictor of growth rotation was found to be less
reliable.® Furthermore, Mair and Hunter,° focusing on
the inclination of the mandibular ramus and the gonial
angle, found only a weak correlation to the mandibular
growth direction. The authors concluded that “the vast
majority of variation in mandibular growth direction
during treatment remained unexplained by pretreat-
ment structure.” Finally, Kolodzielj et al,** applying the
depth of the antigonial notch as a predictor for facial
growth (the notch corresponds to the shape of the low-
er border of the mandible as described by Bjork*), con-
cluded that there was no association between this
structural sign and the direction of future mandibular
growth rotation, especially in a nonextreme population.

Although it might be assumed that subjects with a
pronounced skeletofacial hyper- or hypodivergency
are identified more easily by their mandibular mor-
phology than mild cases, this could not be confirmed
in the present study. Furthermore, with respect to age,
Bjork* stated that the structural signs of mandibular
growth rotation are “not so clearly developed before
puberty.” This implies that older subjects could be rec-
ognized more easily than younger subjects because
their mandibular morphology would be more charac-
teristic with respect to a specific growth rotation (an-
terior or posterior). Again, this could not be confirmed
in the present study. Thus, morphologic growth pre-
diction using mandibular structural signs has to be re-
garded with skepticism.

CONCLUSIONS

Using Bjork’s structural signs of mandibular growth
rotation, it was difficult to categorize the present sub-
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jects as having either a hyper- or a hypodivergent
skeletofacial morphology regardless of the age of the
subjects or the degree of hyper- or hypodivergency.
However, skeletofacial hypodivergency seemed to be
recognized more easily than skeletofacial hyperdiver-
gency.
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