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ABSTRACT

Introduction: The given article is concerned with peculiarities of the change in the bone mineral density of the jaw bones in the dynamics of bone structure growth in the
locomotor apparatus of orthodontic patients.

The aim of the paper is to carry out a comparative analysis of the mineral density of the bone tissue of the lower jaw (mandible) and the mineral density of the second cervical
vertebra (C2) in patients with malocclusion.

Materials and methods: 37 computer tomograms of orthodontic patients were studied, which were divided into three age groups according to the periods of the formation of
the dentoalveolar system. Measurement of bone density of (second cervical vertebra) (2 was performed in the sagittal projection along the middle of the height of the vertebra.
In the mandible, measurements were made on axial sections in the vestibular and oral direction in the region of the alveolar process between the central incisors, between the
canine and the first premolar at the mid-root level, in the region of the first molars below the bifurcation level, in the retromolar region and the region of the articular process.
Results: The greatest similarity in densitometric parameters of bone density is established between the second cervical vertebrae and the density of the joint head. The most
dense site on the lower jaw is the alveolar process between the central incisors, which increases with age from 1274.71 £ 34.7 in group | to 1400.6 £ 75, 56 in the lll group,
these indicators are almost 2-2.5 times higher than the density of C2.

Conclusions: Mandible presentsirregular density of bone based on optic denstitometry in different areas. Maximal indices of bone density are established in the area of alveolar

processes where the jaw is exposed to maximal occlusal loading.
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INTRODUCTION

The disturbance of metabolic processes of the bone tissue of
the jaw bones due to general somatic pathology; effect of un-
favorable environmental factors, concomitant complications
from hard teeth and periodontal tissue, and many other etio-
logical factorslead to the development of malocclusion [1, 2].
Thus, ithas been proved that the shape and shape of the facial
skeleton is influenced by the shape of the cervical spine [3, 4,
5]. Therefore, the problem of timely detection and research
of risk factors for the occurrence of dental diseases is topical,
including malocclusion in children and adolescents [6, 7].

X-ray studies of malocclusion during diagnosis play an
important role for planning orthodontic treatment. Com-
puted tomography (CT) is an informative and accessible
method of objective patient research [8], which is used in
orthodontic practice.

In connection with the total increase in osteopenic dis-
eases and periodontal tissue diseases, CT is particularly rel-
evant for the study of bone density Recently, osteoporosis,
as a systemic disease of the skeleton, tends to rejuvenate, as
itincreasingly occurs in childhood and adolescence and is
characterized by a decrease in the mass of bone tissue and
a disturbance of its microarchitectonics [9]. These changes
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lead to retardation of the growth rate, abnormalities of the
bone system, disturbance of posture, which, in turn, can
lead to the development of malocclusion [10].

Normally, person with healthy periodontium, the optical
density of bone tissue of the alveolar process is from 583.1 to
1429.75 units, depending on the location of the tooth [11].

Up to date there are individual works devoted to the pe-
culiarities of the change in bone mineral density of the jaw
bones in connection with the dynamics of bone structure
growth in the locomotor apparatus of orthodontic patients.

THE AIM

The aim of the paper is to carry out a comparative analysis
of the mineral density of the bone tissue of the lower jaw
(mandible) and the mineral density of the second cervical
vertebra (C2) in patients with malocclusion.

MATERIALS AND METHODS

37 computer tomograms of orthodontic patients were stud-
ied, which were divided into three age groups according
to the periods of formation of the dentoalveolar system.
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Fig. 1. Definition of bone density between 33 and 34 teeth.

The first group included 7 people aged from 6 to 12 years
presents the period of the mixed occlusion (average age is
9.4 years), the second group contained 15 people (from 13
to 20 years) which is characterized by the completion of the
period of formation of a permanent occlusion (average age
15, 1 years). The third group includes 15 patients aged 21-
40 years (average age 26.6 years), which corresponds to the
period of active functioning of the dentoalveolar system.

CT of jawbones was done on odontic computer tomo-
graph « VATECH PAX-ZENITH 3D», the step of scanning
was 1 mm, the duration of scanning was 15 sec. with gen-
eral radiation exposure 50 mksv.

Each of the computer tomographs uses a number of
apphcation programs. In the Ez3D2009 program, bone
density is measured using the “Profile - measuring bone
density between two points” tool in Hounsfield units (HU).

When the tissue is thicker, x-ray will be absorbed and
decreased, so the bone is white and air is black.

Measurement procedure: after the standard procedure
of computed tomography and obtaining a reconstructed
image on the screen of the monitor, one activate the panel
tool “Profile” by clicking the mouse button. In the multi-
plane reconstruction, one can perform a secant, then on the
resulting histogram it should be determined the radiolog-
ical density in the measured area. Borders of density were
established on the histogram and it corresponds to compact
bone with vestibular and oral sides (Fig. 1).

Cervical vertebrae C2, C3 and C4 are well shown on
studied CT in the saggital area. So, measurement of density
of bone C2, was done in the saggital projection through
the height the vertebra. On the mandible, measurements
were made on axial sections in the vestibular and oral
direction in six areas: in the region of the alveolar process
between the central incisors, between the canine and the
first premolar at the mid-root level, in the region of the
first molars below the bifurcation level, in the retromolar
region and in the articular region of heads.
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The values of the studied indicators were done to sta-
tistical processing using the methods of medical statistics
using the program of statistical analysis of Microsoft Excel
2010, the version of Windows 7. In order to compare the
indices, Student’s t-test was used, the differences were
rehable at p <0.05.

RESULTS AND DISCUSSION

Results of the measurement of the density of bone tissue
of the mandible and C2 are presented in the table 1. To
determine the average index of the density of bone tissue
between 33-34 and 43-44 teeth, along the bifurcation of
roots 36, 46, in retromolar area and in the area of articular
head all indices were summarized, and accurate statistic
difference between sides was not determined.

Based on results of our studies, C2 with age has a phys-
iologically consistent tendency to increase densitometric
indicators, as well as the entire bone skeleton of a person as
a whole, which indicates an increase in the mineralization
of the bone tissue of the child during adolescent period.
Comparison of the average values of C2 in groups demon-
strates an increase in bone density with an age of 6 to 40
years, from 501 + 61.06 to 587.6 + 48.81, respectively [12].

Age dynamics of densitometric indices of the density is
presented on the Fig. 2.

The positive dynamics of the increase in densitometric
parameters from the I to III group was established in three
studied areas of the mandible: in the bifurcation of the first
molars, in the retromolar region and in the articular process.

Densitometric indices in the bifurcation area of the first
molars increase with age: in the first group they are 637.36
+33.93, in the third one - 882.67 + 53.9, which is confirmed
statistically (p1-3 <0.01, p2-3 <0.05).

Relatively stable area of the optical density on the lower
jaw is the retromolar region. High indices in comparison
with C2 (p <0.01) are associated with dense compact plates



Table . Density of bone tissue of the mandible and (2 (HU)

OPTICAL DENSITY OF MANDIBLE IN ORTHODONTIC PATIENTS

Measurement area group |

2 501+61,06 550,6+45,32 587,6+48,81
p,,>0,05 p,,>0,05 p,,>0,05
1274,71+34,77 1223,87+76,16 1400,6+75,56
Between 31 and 41 p,<0,01 p,<0,01 p,<0,01
p,,>0,05 p,,>0,05 p,,>0,05
1056,14+96,22 1020,97+46,96 1204,17+£54,8
between 33-34 and 43-44 p,<0,01 p,<0,01 p,<0,01
p,,>0,05 p,,>0,05 p,,<0,05
637,36+33,93 724,77+41,64 882,67£53,9
Bifurcation of roots 36, 46 p,>0,05 p,<0,01 p,<0,01
P, ,<0,01 p,,>0,05 p,,<0,05
914,36+54,09 931+£50,46 923,17+43,16
Retromolar area p,<0,01 p,<0,01 p,<0,01
p,,>0,05 p,,>0,05 p,,>0,05
436,14+34,8 557,8+43,31 579,1+34,97
Articular head p,>0,05 p,>0,05 p,>0,05
P, ,<0,01 P, ,<0,05 p,,>0,05

Note: p — statistical difference in bone density between (2 and the studied areas on the mandible (p1 - I group, p2 - Il group, p3 - Ill group)
p1-2 — statistical difference in bone density of identical zones between the | and Il groups; p2-3 - statistical difference of bone density of
identical zones between the Il and Il groups; p1-3 - statistical difference of bone density of identical zones between the land Il groups.
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Fig. 2. Age dynamics of
densitometric indices
in studied areas.

of the external and internal oblique lines in the region of
the angle of the mandible.

For a practical orthodontist, the knowledge of the den-
sitometric features of this area is especially important in
the treatment of dentoalveolar abnormalities with the use
of miniimplants.

The greatest similarity in densitometric parameters of
bone density is established between C2 and the density
of the articular head (in all three groups p> 0.05). When
analyzing the age dynamics, a quantitative increase in the
densitometric indices is observed in the direction of the in-
crease between the ITand IT groups (436.14 + 34.8 - 557.8 +
43.31), which is confirmed by statistical data (p1-2 <0.05).

The densest site on the lower jaw is the alveolar process
between the central incisors, which increases with age from
1274.71 + 34.7 in the first group to 1400.6 + 75.56 in the
third group, these indices are in 2-2.5 times exceed the
density of C2 (Table I, Fig. 2).

The same dynamics, so the increase in bone density with
age, can be determined when analyzing the parameters of
the mandible between the canine and the first premolar:
1056.14 +96.22 - 1204.17 + 54.8 in groups I and III respec-
tively (Table I). Statistically significant difference between
the II and III groups was established (p2-3 <0,05). These
values are on average 50% greater than the bone density
in zone C2.
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Minor decrease in the indices in group II when studying the
optical density in the arcas between the central incisors and
in the region between the canines and the first premolars at
30-50 HU are insignificant, and they are not confirmed slatis-
tically (p> 0.05), and do not influence the positive dynamics
of densitometric growth as a whole in the investigated areas.

In general, the increase in bone density with age in the area of
chewing teeth confirms the morphological and functional rela-
tionship between the occlusal loading and the structure of bone
tissue in the development of the maxillofacial region ol a person.

CONCLUSIONS

Densitometry of bone tissuc is the most informative and
accessible method of the investigation and can be applied
for diagnostics of the bone tissue of jaws and evaluation
of orthodontic trcatment.

The tendency of mineral density of bone tissue in the
examined areas of mandible and it is approved statistically.

Permanent and stabile index of mincral density in all
age groups is the index of the second cervical vertebra.
Received data allow using these indices for comparative
characteristics of the change of mincral density of the
bone in the area of alveolar processes of the mandible in
dynamics ol orthodontic treatment.

7.one between central incisors and between canine and
the first premolar is the densest area of the bone tissue on
the mandible [12].

The articular head, which docs not have anatomical
contact with the teeth, has maximal similarity with the
indices of the density of the cervical vertebra (C2) in the
IT and III age groups. These findings can be used for dif-
ferential diagnosis of diseases of the temporomandibular
joint. If the densitomelric parameters of the joint and C2
arcreduced, thercfore, the pathological process is systemic
disease. If the optical density is reduced only in the region
ol the articular head, the pathological process deals with
local nature.

So, the mandible has irregular density of bone based on
optical densitomeltry. Maximal indices of bone density were
determined in the arca of alveolar processes where the jaw
is exposed to occlusal loading.
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