ORIGINAL RESEARCH
Journal of Dentomaxillofacial Science (J Dentomaxillofac Sci ) August 2017, Volume 2, Number 2: 86-90
P-ISSN.2503-0817, E-ISSN.2503-0825

A descriptive study of bone density based on angle’s
malocclusion classification on female patients aged
13–30 years old on panoramic radiograph
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Abstract
Objective: This study was performed to determine the bone density
based on angle’s malocclusion classification on female patients aged
13–30 years old using panoramic radiograph.
Material and Methods: Ninety digital panoramic radiographs of female
patients aged 13–30 years old and with 30 radiographs representing
each of the angle’s malocclusion classes (class I, class II, class III) were
used. The bone density was measured by using ImageJ software with 20
x 20 pixels intensity by using a method based on the mental index (MI).

Results: The mean bone density of female patients aged 13–30 years
old with angle’s malocclusion of class I was 18.726% of cortical and
81.274% of marrow, class II was 16.804% of cortical and 83.196% of
marrow, and class III was 15.911% of cortical and 84.089% of marrow.
Conclusion: The bone density of female patients aged 13–30 years
old with angle’s class I malocclusion was higher than class II and class II
malocclusion had higher bone density than class III on panoramic
radiograph.
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Introduction
Malocclusion is one of the most prevailing developmental anomalies of craniofacial structure.
According to a national survey done by the Asia
Pacific Orthodontic Society (APOS), the malocclusion in Indonesia was above 60%, with class I, then
class III and class II.1 Although some densitometric
studies proposed that the malocclusion had a limited
relationship with mandibular bone density,2 most of
the previous studies proved the other way around.3
Individual with dental malocclusion has a more
limited masticatory performance due to a few factors
including the number and contact areas between
maxillary and mandibular teeth, pattern of mastication, and negative effect of occlusal interference.4
A dental malocclusion will induce different
intensity of mechanical loads on natural teeth or
muscles at different regions of the mandible. An
increase or decrease of bone density depended
on adaptation to these masticatory loads by bone
remodeling process.5
A close relationship existed between the bone
density and the tooth movement. This was because
moving the teeth through the bone depended on
bone remodeling mechanism and tissue response
to orthodontic forces. Therefore, orthodontists
needed to take consideration in understanding the
bone density in order not to violate the relatively low
amount of bony support in the alveolar process.6

A digital panoramic radiography was used and
image processing program (imageJ) was operated.
A previously published data revealed that the suffering due to dental malocclusion was more often in
females with 49.0% than in males with 33.3%.2 The
current study chose individuals starting from thirteen years old in which angle’s malocclusion classification could be used. The age range was chosen
only up to thirty-years-old in which most people
will reach their peak bone mass.
There were many approaches introduced to
study bone density associated with malocclusion over the past few years,2,6 but there were no
published data about the bone density associated
with angle’s malocclusion classification. Therefore,
the aim of the current study was to evaluate the
measurement of bone density of the mandible jaw
associated with angle’s malocclusion classification
on female patients aged 13–30 years old on the
panoramic radiograph.

Material and Methods
The current study was a descriptive study with a
cross-sectional method. The sample was 90 digital
panoramic radiographs obtained by using stratified random sampling technique from female
patients with angle’s malocclusion who came
to the Dental Hospital Radiology Installation
Padjadjaran University. About Ninety samples
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were equally divided among the three classes of
angle’s malocclusion classification. Each class
was then subdivided into three age groups (1 =
13–18 years, 2 = 19–24 years and 3 = 25–30 years)
with 10 patients in each age group.
The secondary data was panoramic radiograph
that fulfilled the following criteria: A. Corresponds

Figure 1 Lines constructed based on MI on panoramic radiograph7

Figure 2 Steps Used in Image Processing. A. Original image, B. Blurred
image, C. Binary image, D. Skeletonized image8
Table 1

Angle’s malocclusion classification of the samples with the corresponding mean values of the percentage of
cortical and bone marrow

Angle’s malocclusion
classification
Class I

Class II

Class III

to the medical record of healthy female patient
aged between 13–30 years old with angle’s malocclusion classification who had no history of orthodontics treatment and/or orthognathic surgery, B.
Illustrates 28 permanent teeth, C. Represents an
excellent mandibular bone image, D. Data had not
been superimposed in the region of interest and E.
Illustrates the absence of any lesions or fractures in
the region of interest.
The research protocol was approved by Dental
Hospital Faculty of Dentistry Padjadjaran University
and Ethics Committee Padjadjaran University. For
angle’s malocclusion classification, female patients
and age range were collected from the medical
record in Dental Hospital Padjadjaran University
based on the samples’ criteria. Then, panoramic
radiographs were obtained and screened. The
bone density on the panoramic radiograph was the
percentage (%) of cortical and marrow analyzed at
the region of interest (ROI) by using ImageJ software application. The ROI was determined based
on the MI obtained from panoramic radiograph
by drawing a line parallel to the long axis of the
mandible and tangential to the inferior border of
the mandible, which then intersects with inferior
border of the mental foramen and drawing another
parallel line at the superior cortical border as shown
in figure 1.
The ROI was the area of the distance between
the two parallel lines that was the white part of
the cortical bone with a square selection tool,
it covered 20x20 pixels on both left and right
regions of the mandible. The ROI was cropped
and duplicated. The duplicated image was blurred
with a gaussian filter with sigma 3.00. Then, the
blurred image was subtracted from the original

Percentage of cortical bone (%)

Percentage of bone marrow (%)

Age
(years old)

Left

Right

Mean

Left

Right

Mean

13–18

17.914

17.619

17.767

82.086

82.381

82.233

19–24

17.665

18.005

17.835

82.335

81.995

82.165

25–30

20.000

21.156

20.578

80.000

78.844

79.422

Mean

18.526

18.927

18.726

81.474

81.073

81.274

13–18

15.692

15.813

15.752

84.308

84.187

84.248

19–24

16.576

16.871

16.723

83.424

83.129

83.277

25–30

17.188

18.685

17.937

82.812

81.315

82.063

Mean

16.485

17.123

16.804

83.515

82.877

83.196

13–18

15.374

16.077

15.726

84.626

83.923

84.274

19–24

16.191

15.669

15.930

83.809

84.331

84.070

25–30

15.873

16.281

16.077

84.127

83.719

83.923

Mean

15.813

16.009

15.911

84.187

83.991

84.089
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Results

Figure 1

Mean percentages of cortical and bone marrow of the samples with
angle’s malocclusion classification at the left and right regions

Figure 3 Percentage of bone marrow of the samples against age groups of
angle’s class I, class II and class III malocclusion

Figure 4 Mean percentages of cortical and bone marrow of the samples
against angle’s class I, class II and class III malocclusion
image and 128 value was added at each pixel
location. The resultant image was converted to
binary with a threshold at the grey value of 128.
The binary image was eroded and dilated thrice.
Then, the image of the bone was skeletonized.
These steps are shown in figure 2. Finally, the
ROI was analyzed to determine the percentage of
cortical and bone marrow which represented the
bone density.
88

Each class of angle’s malocclusion of the samples
was divided into three age groups. Each age group
contained 10 samples.
Table 1 showes the mean percentage of cortical
bone for angle’s class I, II and III malocclusion was
18.726%, 16.804%, and 15.911% respectively. The
mean percentage of bone marrow for angle’s malocclusion of class I, II and III was 81.274%, 83.196%,
and 84.089% respectively.
Based on figure 1, the differences of the percentage of cortical bone at the left region compared to
the right region based on angle’s malocclusion of
class I was 0.401%, class II was 0.638%, and class III
was 0.196%. The differences were the same for the
percentage of bone marrow as well. Among all the
three classes of angle’s malocclusion, right regions
had higher percentages of cortical bone or lower
percentages of bone marrow than the left regions,
but the differences of the regions showed nonsignificant values.
Based on figure 2, the percentages of cortical
bone for all three classes of angle’s malocclusion
increased from the lowest age groups to the highest
age groups.
Based on all three classes of angle’s malocclusion as shown in figure 3, the percentages of bone
marrow decreased from the lowest age groups to
the highest age groups.
Figure 4 showed that the angle’s class I malocclusion has the highest percentage of cortical bone,
followed by class II and lastly was class III. Angle’s
class III malocclusion has the highest percentage
of bone marrow, followed by class II and lastly was
class I. This showed about 0.893% and 2.815% deficit in the percentage of cortical bone in the mandible
for class III malocclusion compared to class II
and class I malocclusion respectively. There was a
deficit of 1.922% when the percentage of cortical
bone in the mandible for class II malocclusion was
compared to class I malocclusion. Similarly, angle’s
class I malocclusion has a deficit of 1.922% of bone
marrow when compared to class II malocclusion
and a deficit of 2.815% when compared to class III
malocclusion. The Angle’s class II malocclusion has
a deficit of 0.893% of bone marrow when compared
to class III malocclusion.

Discussion
Female patients aged 13–30 years old with angle’s
class I malocclusion has the highest bone density,
followed by class II and then class III. This was
because an individual with angle’s class I malocclusion has a higher efficiency of masticatory
performance than those with class II malocclusion
and the
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poorest masticatory performance was presented in
an individual with class III malocclusion. This was
in agreement with previous studies.4,9,10
A malocclusion could change the physiology of
the masticatory system.11 Masticatory performance
from the stomatognathic system could determine
the intensity of mechanical loads through
periodontal ligament to the underlying alveolar
bone and transferred to the inferior cortical bone
of the mandible.2,3,11 This physical stimulus can alter
the microarchitecture and change the bone density
of the mandible.12 There were three factors that
influenced the masticatory performance. First, the
summed number and area of occlusal contacts of
antagonistic teeth. Based on angle’s classification,10
larger particle sizes in patients with malocclusions compared to those without malocclusions
was reported.4 Compared to normal occlusion,
the median particle sizes for class I, class II, and
class III malocclusions were roughly 9%, 15% and
34% larger respectively.10
Individuals with angle’s class III malocclusions
has the smallest contact area with no contact on
upper second molars and anterior teeth, indicating the poorest masticatory efficiency, followed by
those with class II which might show no occlusal
contact on mandibular second molars’ regions and
anterior teeth as in the class II division 1. The class I
malocclusions have better masticatory efficiency
although crowding and tooth misalignment can
produce a lack of contact with some teeth.10,13,14
The second factor was the pattern of mastication. Individual with angle’s class I malocclusion
has the highest percentage of downward and
backward rotation, which indicated a normal
masticatory movement.9 The percentage of downward and backward rotation was significantly low,
in addition, with an erratic rotational direction in
an individual with class II malocclusion, which
indicated a functionally irregular chewing pattern.
An individual with class III malocclusion has an
indeterminate rotational direction and there was
no or limited excursive movement.13 This pattern
contributed to a more limited masticatory function
than that of class I or class II individuals.14
The third factor was the negative effect of occlusal interference, which will induce histological
changes in masseter muscles. The occlusal interference caused uncoordinated masticatory muscle
activity during mastication in class II and class III
individuals.4
Individual with class III malocclusion prevented
the incisor teeth from performing their functions.
The masticatory activity was reduced and this
decreased the mechanical loads on the mandibular bone but masticatory difficulty also brought

a bigger effort to the masseter and temporalis
muscles, creating a higher intensity of stimulus on
its bone insertion. Therefore, there was an increase
in the volume of the muscle fibers and in consequence, the increase of bone density in regions of
insertion of the masseter muscle in the inferior
border of mandible.3,11 Therefore, samples of female
patients with angle’s class III malocclusion with
the lowest percentage of bone density might be an
offset a little by the increase of the volume area of
the fiber of the masseter muscles. Therefore, it had
only a little bit lower bone density than those with
angle’s class II malocclusion.
The differences of left and right regions of the
percentages of cortical bone or bone marrow of
the samples showed insignificant values. These
showed a correlation with the results obtained from
previous studies.15,16
The bone density of all three classes of angle’s
malocclusion increased from the lowest age
groups to the highest age groups. From the age of
a newborn, the bone is undergoing growing phase.
Although a finding by Snodell et al.17 showed that
mandibular growth in female continued until the
age of eighteen years old, the mandibular bone
mass also has a high correlation with the skeletal
bone mass. Therefore, the mandibular bone which
is closely associated with the growth in stature also
increases in bone density until thirty years old
which is the peak bone mass.18
The current study has several limitations.
First, the current study was cross-sectional study.
It was unable to fully determine that the samples
were not influenced by the environmental
factors such as the extent of smoking and alcohol
consumption, hormonal levels, nutritional
supplements and medication usage that could affect
the mandibular bone density. The other limitation
was that the race and ethnic origin of the samples
were not considered. However, each sample chosen
had no obvious low bone density, so it was assumed
that the samples were healthy individuals with no
influences from the environmental factors and
genetic factor.

Conclusion
Cortical bone has a lower turnover rate than
cancellous bone, thus the effect from angle’s malocclusion on the cortical bone would be assumed
as the sole factor that influenced the bone density.
The bone density of female patients aged 13-30
years old with angle’s class I malocclusion was
higher than class II and class II malocclusion has
higher bone density than class III on panoramic
radiograph.
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