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COMPARATIVE ANALYSIS OF DENSITOMETRIC DETERMINATION
OF BONE TISSUE IN THE CASE OF LOSS OF THE MASTICATORY
TEETH OF THE MANDIBLE

MOPIBHSUIBHUM AHAJII3 JEHCUTOMETPUYHOI' O BUSHAYEHHSA KICTKOBOI TKAHUHH
IIPU BTPATI 2)KYBAJIBHOI I'PYIIH 3YBIB HUKHBOI LIEJIENTHA

Pe3tome. [IpoBeneHHs IEHCHTOMETPUIHUX TOCIIIKEHB CITPAMOBAaHIX HA 00’ €KTHBI3AIIIFO Ta IMiABHUIIICHHS TOYHOC-
Ti OITIHKHU CTPYKTYPHHX TTapaMeTPiB KICTKH HAOyBarOTh QYHIaMEHTATLHOCTI Y pealbiTiTamii mamieHTiB i3 3a0e311e-
YeHHSIM (DYHKIIOHATEHUX, IPOTETHYHNX Ta €CTETHYHUX iX moTped. Ha choromHi, pe3ynbraTti aHami3y MTbHOCTI
KICTKOBOI TKAaHMHY BU3HAYAIOTH MIPIOPUTETHICTh B OOpaHHi: Y1 TO HOBOI METOIMKH Oe3M0ocepenHbOi IMITTaHTAalii
3 HErailHUM HaBaHTAXXEHHSM, Y TIOIIYKY aJBTEPHATHUBH iCHYIOYHM, IO TApaHTYIOTh MPOTHOCTHYHICTD Pe3yJlb-
TaTiB BITHOCHO /10 (i310JIOTTYHMX TEPMiHIB OCTEOTeHe3y, HAIPaBIIeHO1 pereHepanii KicTKOBOT TKAHWHH Ta 1HIIAM
PEKOHCTPYKTUBHUM OIEpaTHBHUM BTpy4YaHHSIM. [3 243 koIl toTepHO-TOMOTrpadivHuX HUPPOBUX CKaHyBaHb,
OTpUMaHHX eKcTpaopasibHOO cucTeMoro Vatech PaX-1 3D Green, mpoaHaiizoBaHo 3 BU3HaYECHHSIM HIUTBHOCTI Ki-
CTKOBOI TKAHMHHU B yMOBHHX oftHUIIAX cipocTi (YOC) y npoexkuii BiacyTHix 3.7, 3.6, 4.6, 4.7 3y06iB Ta 00pano 136
JOCITiKEHb 00’ €KTaMH AaHO1 poOOTH, 1110 HaJJal0Th HAJISKHY 1H(OPMATHBHICT Ta BaroMe IMi3HaBaJbHE 3HAUCH-
Hs1. MakcuMalbHy MiHepasi3alito KiCTKOBOI TKaHMHU 0e33yOuX AUCTAbHUX UITHOK HUKHBOI IIENEIH, K 3 JTi-
BOI TaK i 3 MPaBoi CTOPOHH, BCTAHOBJIEHO B 0Ci0 mepioi rpymnu gociimkeHHs (25-45 pokiB) i3 3HAYEHHSIMU BHpa-
YKEHOI IIUTFHOCTI Ha CariTaJbHUX 3pi3aX TOPH30HTAIBHUX IDIOMKHAX y TpoeKIii 3.6 3yda M=1246,6+63,13 YOC
Ta y mpoekitii 4.6 3yoa, me M=1158,8+47,04 YOC. Haitamxkdi 3Ha4eHHS OUTHHOCTI KICTKOBOT TKAHWHH BH3HAYEC-
HO B 0Ci0 TPETHOI TPy HOCIHipKeHHS (61-75 poKiB) Ha cariTabHUX 3pi3aX BEPTHKATHHUX IUIOMIMHAX Y MTPOSK-
uisix 3.7 3y0iB, ne M=736,8+42,63 YOC, ta 4.7 3y0iB, ne M=778,8+51,79 YOC. Sk pe3yasTar aHamizy AaHOi po-
00TH, MIATBEPIKECHO TINOTE3y BIKOBOI 3aJIE)KHOCTI 3MIHH IIIJIBHOCTI KICTKOBOI TKaHMHH BiJ 4acy BTpaTH 3yOiB.
BcranoBneHo, 1o paHHS BTpaTa KyBaJIbHOI IpynH 3y0iB, MPU3BOIUTH A0 BUCOKUX ITOKA3HHKIB, 3 HAPOCTAHHSIM
LIUTBHOCTI KiCTKOBOT TKAHMHH Y CTOPOHY AMCTaNi3allii KiHIeBoro AeeKTy 3yOHUX psiiB. |, HaBmaku, BiICyTHICT
($yHKIioHATBHOT Aii Ha KICTKOBY TKaHUHY, IPU3BOAUTH A0 3HWKEHHS ii IIUIBHOCTI Y BIKOBOMY acleKTi, a, BiImo-
BifIHO, 1 CITyCTOILECHHSI TPaOeKyISIPHOTO 1Ay, IO CIPHSE IPOrPeCcyBaHHIO aTpOiuHUX MPOLECIB.

Ku1rouoBi ciioBa: 1eHCUTOMETDIs, HWXKHSA 11eJ1ena, aTpodis KicTKOBOI TKAaHWHH, KOMIT I0TepHa ToMorpadis.

Expanding and deepening knowledge about the
quantitative morphology of bone tissue is becoming
an increasingly topical problem due to the demand of
clinical medicine and dentistry in particular. Without
the development of theory and practice, it becomes
impossible to implement a set of health-improving
measures and create optimal conditions for the reha-
bilitation of patients with atrophy of the mandibular
bone tissue caused by the loss of the masticatory teeth.

Both morphologists and materials scientists show
great interest in studying highly mineralized human
body tissues, such as bone tissue and hard tooth tis-
sue [1, 2].

Although a significant part of anatomical studies of
the maxillofacial region and adjacent structures aimed at
the study of their topographical and anatomical features
[3] and changes in the postnatal period of human onto-
genesis [4, 5], or the study of adjacent anatomical forma-
tions, the analysis of bone density is given in an overview.

Many publications are targeted at the study of the
mineral composition of the bone tissue of the upper
and lower jaws and teeth in both humans and labora-
tory animals against the background of various influ-
ences of damaging factors [6].

From these positions, it is important to note the
place of radiological methods in paraclinical research,
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which allow us to establish the features of the topogra-
phy of the structures of the mandible [7], obtain infor-
mation about the structure of the external and internal
cortical plates and conduct a densitometric assessment,
which indicates qualitative characteristics that reflect
the type of bone density, even in its age dynamics.

In turn, the authors [8] note that ultrasound (US),
magnetic resonance imaging (MRI) and computed to-
mography (CT) of the craniofacial region have related
applications and are used both for the initial assessment
of intracranial anomalies, and for determining 3D and
transverse parameters of structures of the maxillofacial
region and changes in bone quality with the determina-
tion of quantitative density indicators in conventional
grayness units, but they are characterized by differences
in the volume of diagnostic parameters and availability.

The study of quantitative morphology (density) of
bone tissue requires reproducing the model of mathemat-
ical reconstruction of X-ray images of objects, which is
formed by calculating the degree of attenuation of X-ray
radiation at the exit from the thin layer of the object un-
der study. Therefore, with the help of CT, it became
possible to avoid superposition and summation of indi-
vidual elements of the object, that is, the superposition
of artifacts, by isolating a thin layer. Thinner sections
give a higher spatial resolution and enable more detailed
analysis and reconstruction of the image in the needed
projections, respectively, to determine the sequence of
changes in bone density even in thin cortical layers.

Conducting such studies becomes fundamental in
the rehabilitation of patients with functional, prosthetic
and aesthetic needs. Densitometric analysis of bone tis-
sue determines the priority in choosing new methods of
direct implantation with immediate load [9], as a result
of the search for an alternative to existing ones and guar-
antees the predictability of the result regarding the physi-
ological terms of osteogenesis or directed bone regener-
ation and other reconstructive surgical intervention [10].

The aim of the study is to analyze densitometric
assessment of the bone tissue of the human lower jaw, in
the case of the masticatory tooth loss between the right
and left sides in four age groups from 25 to 75 years.

Material and methods. The study processed
243 computed tomography cone-digital scans with
standardized X-ray diagnostic software Ez3D-I Original
ver.5.1.9.0, used for visualization of multimodal and
multidimensional images, using Hewlett-SNCPUM 1
computer equipment with 16.0 GB RAM, 10 Pro system
software for Workstations, 2019:00391-70000-00000-
AAA425. Using the tools of the horizontal optional panel,
in particular the «profile» interface keys, bone densi-
ty was determined with interpretation in conventional
grayness units (CGU) in the projection of missing 3.7,
3.6, 4.6, 4.7 teeth and 136 studies were selected as the
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objects for this work, which have the proper informa-
tive content and significant cognitive importance.

The material was divided according to the age
into four groups for each side, namely: the first group
(I) — 25-45 years, n= 14; the second group (II) —
46-60 years, n=20; the third group (III) 61-75, n=17;
the fourth group (IV) —25-75 years, n=17, persons
with preserved dentition (control group).

Digital statistical analysis is performed with the
StatSoft Statistica 10.0 software and presented as M +
m (average value and error of the average). Using non-
parametric methods of statistical analysis, the study
groups were compared with the control group using
the Mann-Whitney U test. Comparison of groups by
age — using the multidimensional the Kruskal-Wallis
test, as an alternative intergroup analysis of variance,
which is used to compare three or more samples, in or-
der to test null hypotheses according to which different
samples were taken from the same distribution with
similar medians. The differences between the groups
were considered to be reliable at the significance lev-
el p<0.05.

Research results. The vagueness of pathologi-
cal processes occurring, at first glance, in inert tissue
is interpreted by the fact that changes occur slowly, in
the direction of mineralization and vice versa, with-
out being accompanied by accentuating symptoms for
a long time. Even with minimal external influence,
functional disorders caused by the loss of the masti-
catory teeth lead to exhaustion of the trabecular layer
in age-related growth, and, accordingly, bone density.

The value of densitometric determination of bone
tissue as a functionally active connective tissue, a de-
pot of micro- and macronutrients, and, at the same
time, the manifestation of gradual pathological chang-
es that are observed even in a «conditionally» healthy
person, which are presented in Table 1-2, characterize
its density on the left and right sides of the lower jaw.

The maximum mineralization of bone tissue in the
toothless distal areas of the lower jaw, both on the left
and right sides, is observed in individuals of the first
study group with values of pronounced density on sag-
ittal sections of horizontal planes (HP) in the projection
of 3.6 tooth M=1246.6+63.13 CGU and in projection
of 4.6 tooth, where M=1158.8+47.04 CGU (Fig. B, D).

The lowest values of bone density were deter-
mined in individuals of the third study group on sag-
ittal sections of vertical planes (VP) in projections of
3.7 tooth, where M=736.8+42.63 CGU, and 4.7 tooth,
where M=778.8+51.79 CGU (Fig. A, C).

We confirmed the high reliability of the results
during an intergroup dispersed comparative analysis
by age using the multidimensional Kruskal-Wallis test,
with a significance level of p<0.05.
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However, the values in vertical planes (VP),

p=0.359 in the projection of 4.6 tooth of intergroup
where p=0.299 in the projection of 3.6 tooth and

comparison, focus on their variability.

Table 1
Quantitative indicators of densitometric determination (CGU) of mandibular bone tissue

on the left side on sagittal sections in the vertical (VP) and horizontal (HP) planes, due to the loss
of the masticatory teeth in people aged 25-75 years, n=51

Studv groups 3.7 tooth projection/ 3.6 tooth projection/
yeirs ps, value of M (CGU), m (¥) Value of M (CGU), m (+)
y VP HP VP HP
12>-25) 889.7454.36 1200.6:67.14 879.5470.86 1246.6+63.13
i 51162'8 0 798.6+29.25 1075.3+40.97 801.5+39.00 1088.7+39.22
1115211'775) 736.8+42.63 907.6+39.47 766.9+46.13 980.9+39.73
D 0.041 0.000 0.298 0.001
Table 2

Quantitative indicators of densitometric determination (CGU) of mandibular bone tissue
on the right side on sagittal sections in the vertical (VP) and horizontal (HP) planes, due to the loss
of the masticatory teeth in people aged 25-75 years, n=51

Study srouns 4.6 tooth projection/ 4.7 tooth projection/

A value of M (CGU), m (£) Value of M (CGU). m (%)

y VP HP VP HP
125-25) 880.6+38.24 1158.8447.04 980.1438.57 1140.1455.19
L (46-60) 812.9+54.16 1064.5+33.15 891.5+43 34 1041.9433.25

H (61-75) 783.8+49.78 947.0+42.66 778.8+51.79 893.8+35.88
D 0.359 0.002 0.009 0.000
VP, 3.6 — 3.7 tooth projection HP, 3.6 — 3.7 tooth projection
Q50,00 13040, 00
1250,00
204,00 2= 12040,00 F___h“_‘——*
850,00 115000
11040, 00
200,00 1050,%0
1000,00 —
750,00 R 950,00 - o ——
. 900,00 —
T, 0 BS0,00
05 95 1,15 135 1,55 1,75 1,95 LIS [ Bl 095 115 135 1,55 1,758 195 b ]
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Fig. A, B, C, D. Graphical analysis of densitometric determination (CGU) of mandibular bone tissue on sagittal sections in
the vertical (VP) and horizontal (HP) planes, due to the loss of the masticatory teeth in people aged 25-75 years, n=102
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Table 3

Comparison of quantitative indicators of densitometric determination (CGU) of mandibular
bone tissue on sagittal sections in the vertical (VP) and horizontal (HP) planes, due to the loss
of the masticatory teeth in people aged 25-75 years, n=136

) . VP / value M, HP / value M,
Region of determination,
study (S) / control (C) m (), p m (&), p
value of M (CGU), m ()| value level, p | value of M (CGU), m () [ value level, p

.. S 803.14+24.78 1053.3+31.89

3.7 tooth projection C 587 123194 0.000 935 5131 63 0.038
.. S 811.6+29.37 1096.2+£30.13

3.6 tooth projection C AR 2110 56 0.003 008 4233 44 0.113
. S 821.94+28.70 1050.9+£25.74

4.6 tooth projection C 6755143 50 0.004 977 4447 10 0.300
.. S 878.0+28.28 1019.04+:26.84

4.7 tooth projection C 775 0255 35 0.023 050 3454 14 0.428

The results obtained directed our attention to
further clarify the comparative analysis and establish
a possible pattern of changes in bone density caused
by the loss of the masticatory teeth, according to the
average number (M) of the study groups and con-
trol groups using the statistical nonparametric Mann-
Whitney U test (Table 3).

We have proved (see Table 3) the regularity of
manifestation of signs of changes in bone density on
toothless segments of the lower jaw in the projection
of 3.7, 3.6, 4.6, 4.7 teeth, both on the left and right
sides, on sagittal sections in the vertical plane, with
a high significance level of the results p<0.05.

Analysis of the obtained densitometric values on
sagittal sections in the vertical plane indicates a slight
variability in the results with a significance level of
p>0.05 in the projections of 3.6, 4.6 and 4.7 teeth, but
at the same time, it expresses a change in bone den-
sity, which depends on the time of tooth loss and the
constitutional type of a person, which we presented in
the discussion of the results.

Discussion. Bone tissue, like any structural unit
of the body’s systems, undergoes ageing processes, in
a certain age aspect, which is a normal physiological
process. Also, it easily undergoes changes through-
out life under the influence of etiopathogenic factors,
stimulating the processes of its remodeling, which can
be interpreted by both physiological and pathological
factors [11]. After all, the rates of bone resorption and
restoration determine one or another vector of course
mechanisms that lead to loss-restoration of bone mass
and its structural changes.

In turn, the meta-analysis conducted by the au-
thors [12] provides data on the possibility of influenc-
ing changes in bone density by endogenous correction
with the achievement of rapid predicted results [13].

It would seem that all the tasks set are solved,
but the «control» of the neurohumoral chain expresses

its influence on the remodeling processes [14, 15], so
the problems remain for a long time, and the patient
already needs to restore proper function by means of
dental rehabilitation techniques.

In our study, we draw attention to changes in
bone tissue that occur when the masticatory teeth
are lost. The absence of indirect «constant pressure»,
which is transmitted through the periodontium from
the roots of the teeth, leads the bone tissue to a state of
relative metabolic rest, and accordingly, to its exhaus-
tion. Reduction of the osteoblast and osteocyte form-
ing cells that maintain the level of ionic concentration
in the bone interstitial fluid and directly reflects oste-
onic structure and its volume. Bone tissue «without
activity» changes by the average vector of the existing
or acquired static load and forms the maximum den-
sitometric values in the direction of the force action.

It also attracts attention that bone density de-
pends not only on mineral saturation, but also on
special micro- and macroarchitectonics, which is the
result of adaptive bone restructuring processes that
constantly occur under the influence of mechanical
and biological factors, and is realized by osteoclasts
and stem osteogenic cells, that is, stromal fibroblasts
of the bone marrow. A sharp decrease in the volume
of osteons, respectively, and bone marrow spaces in
the area of previous surgical or reconstructive inter-
ventions, indicates low vascularization and a decrease
in the area of the biologically active bone surface, and
therefore a slowdown in the processes of its adaptive
restructuring [16, 17].

In our study, we took into account the subjective
and clinical anamnesis, which excludes the above-
mentioned somatic categories of persons from the
analysis and provides an opportunity to interpret the
results of the work as a proper pattern of bone tis-
sue restructuring caused by the loss of the mastica-
tory teeth.
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Conclusions. 1. Atrophy of the bone tissue of
the lower jaw, caused by the loss of the masticatory
teeth, varies by the average vector of the existing or
acquired static load and accumulates the maximum
densitometric values in the direction of action of the
force and their reduction, directly proportional to the
time of acquisition of secondary defects of the denti-
tion. 2. A pattern of manifestation of signs of changes
in bone density by age was established on toothless
segments of the lower jaw in the projection of 3.7, 3.6,
4.6, 4.7 teeth, on sagittal sections of the vertical plane,
with a high confirming significance level of the results

p<0.05. 3. The obtained values are fundamental and
can be used to change existing classifications by type
of bone density.

Prospects for further research. At the core
of the conducted densitometric analysis, the topical
study should be proceeded to determine the dynam-
ics of morphological restructuring of bone tissue, de-
pending on the time of acquisition of terminal defects
of dentition and gender, in different age groups with
in-depth statistical analysis and the development of
a three-dimensional model for template application in
practical dentistry, in particular, maxillofacial surgery.
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COMPARATIVE ANALYSIS OF DENSITOMETRIC DETERMINATION OF BONE TISSUE
IN THE CASE OF LOSS OF THE MASTICATORY TEETH OF THE MANDIBLE

Abstract. Conducting densitometric studies aimed at objectifying and improving the accuracy of estimating
the structural parameters of the bone become fundamental in the rehabilitation of patients to meet their
functional, prosthetic and aesthetic needs. Today, the results of bone density analysis determine the priority
in choosing a new method of direct implantation with immediate load or search for an alternative to existing
ones that guarantee the predictability of the result concerning the physiological terms of osteogenesis, directed
bone regeneration and other reconstructive surgical interventions. Based on 243 computed tomographic digital
scans taken by the VaTech PaX-1 3D Green extraoral system, bone density was analyzed in conventional
grayness units (CGU) in the projection of the missing 3.7, 3.6, 4.6, 4.7 teeth and 136 studies were selected as
objects for this work, which provide proper information and significant cognitive importance. The maximum
mineralization of bone tissue in the toothless distal areas of the lower jaw, both on the left and right sides,
was established in individuals of the first study group (25-45 years) with values of pronounced density on
sagittal sections of horizontal planes in the projection of 3.6 tooth M=1246.6+63.13 CGU and in projection
4.6 tooth, where M=1158.8447.04 CGU. The lowest values of bone density were determined in individuals
of the third study group (61-75 years) on sagittal sections of vertical planes in projections of 3.7 tooth, where
M=736.8+42.63 CGU, and 4.7 tooth, where M=778.8+51.79 CGU. The result of the analysis of this work
confirms the hypothesis of age-related dependence of changes in bone density on the time of tooth loss. It was
found that early loss of the masticatory teeth leads to high indicators, with an increase in bone density towards
distalization of the terminal defect of dentition. Conversely, the lack of functional action on bone tissue leads
to a decrease in its density in the age aspect, and, accordingly, the exhaustion of the trabecular layer, which
contributes to the progression of atrophic processes.

Key words: densitometry, lower jaw, bone atrophy, computed tomography.
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