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Densitometric methods for determining bone density are increasingly becoming
fundamental in research and a priority in clinical applications in medical practice.
Rehabilitation of patients with bone atrophy becomes impossible without assessing its
density and, at the same time, is an important component in the diagnosis and planning
of reconstructive surgery, in particular, prognosticity in the use of osteoplastic materials
or osteointegration of dental implants. The aim of the study was to conduct a densitometric
assessment to substantiate the rehabilitation of patients with atrophy of the mandible,
on the right side, in the age groups of 25 to 75 years. Computed tomography digital scan
scans obtained using the Vatech PaX-I 3D Green extra-oral radiography system and
processed by the standardized X-ray diagnostic software Ez3D-I Original ver.5.1.9.0.
Using the tools of the horizontal option panel, in particular the keys of the interface
"profile", the density of bone tissue with interpretation in conventional units of grayness
(CUG) in the projection of 4.6, 4.7 teeth was investigated. To obtain qualitatively
homogeneous values, we used nonparametric methods of statistical analysis of
comparison of age groups - using the multidimensional Kruskal-Wallis test as an
alternative intergroup analysis of variance, for simultaneous comparison of three
samples. It is proved that during the statistical analysis of bone density using the
Mann-Whitney U test in the studied areas of the mandible on the right, the total average
number of M experimental (E) groups compared to the average number of the control
group (C), high reliability in vertical (VP) measurements and confirmed p<0.05. Thus,
it is proved that the early loss of the masticatory group of teeth, in the first group of
studies (25-45 years), leads to high rates, with increasing bone density in the direction
of distalization of the final defect of the dentition. Conversely, the lack of functional
action on bone tissue in the second (46-60 years) and third (61-75 years) groups of the
study, leads to a decrease in its density, and, consequently, to the devastation of the
trabecular layer, which contributes to the progression of atrophic processes.
Keywords: mandible, computed tomography, densitometry, bone atrophy.

Introduction

X-ray densitometry is one of the most advanced and
diagnostic-informative method of studying bone density [1,
19, 28]. Widespread use [18, 32] and ranges of
modifications regulate the possibilities in the study of
complex morphological structures [9]. Dynamic observation
is easily accessible thanks to digital methods of X-ray
anatomical CT, which is much broader than conventional
clinical radiology, provide a rapid result of the study of the
dynamic bone system [13], which depends on metabolic
processes and internal and external factors. environment,
causing its pathological and morphological changes,

including taking into account its structural topographic
features. As a result of such implementations, densitometric
determination of bone density, which is a depot of micro-
and macroelements of the body, is becoming fundamental
in various medical fields of clinical practice [5, 27].

The same assessment of bone mineral density can be
performed using ultrasonic densitometry [14], but the difficulty
in obtaining three-dimensional models sometimes limits
its use.

To understand and assess the bone tissue of the jaws
[7], the authors recommend a study of bone density with the
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inclusion of cortical and trabecular layers [26], changes in
which can be valuable indicators of its biomechanical
potential, as described in these works [17, 22].

In direct proportion, the density of bone tissue is reflected
in the success of the plan and subsequent surgical treatment
of atrophy of the bone tissue of the jaws, with the possible
use of osteoplastic materials and, in turn, osteointegration
of dental implants. Therefore, rehabilitation of patients with
bone atrophy becomes impossible without assessing its
density, at the same time, an important component in the
diagnosis and planning of reconstructive surgery and
prediction of the desired results [26, 33].

X-ray densitometry remains an equally important early
diagnostic criterion for detecting the effects of somatic
pathology, in particular, endocrine, which leads to the
devastation of the trabecular layer or, conversely, its
corticalization [4, 23, 29].

The combination of methods for assessing the
relationship between morphology, volume and density of
bone tissue [4] prevents the possible consequences such
as changes in occlusion and facial shape, speech disorders,
difficulty in chewing food and social rehabilitation in general.

The available modern review of the literature provides a
proper statement on the above issues, and has become an
impetus for careful study and a fundamental support for this
research.

The aim of the study was to conduct a densitometric
assessment to substantiate the rehabilitation of patients
with atrophy of the mandible, on the right side, in the age
groups of 25 to 75 years.

Materials and methods

Using the Vatech PaX-I 3D Green extra-oral radiography
system with a scan size range of 16x9 cm, minimizing the
possibility of artifacts caused by patient movement, a 0.5
mm focal spot (IEC60336) on a 14-bit gray scale with a size
of 0.2/0.3 voxel and due to the short scan time, high quality
images are obtained. 68 scans have been selected that
provide the best opportunities for diagnosis and are
informative in achieving the goal of this work. The analysis

Fig. 1. Densitometric determination of bone density. A - distance, in the vertical plane on sagittal sections, from the edge of the pars

of computed tomographic digital scans was performed using
computer technology HEWLETT-SNCPUM1 with 16.0 GB of
RAM, system software 10 Pro for Workstations, 2019: 00391-
70000-00000-AA425 and standardized X-ray diagnostic
software Ez3D-I Original ver.5.1.9.0, used for visualization of
multimodal and multidimensional images. Using the tools
of the horizontal option panel, in particular the keys of the
interface "profile", the density of bone tissue with
interpretation in conventional units of grayness (CUG) in the
projection of 4.6, 4.7 teeth was studied (Fig. 1).

The material was divided according to the age of patients
into four groups, namely: the first group (l) - 25-45 years, the
second group (ll) - 46-60 years, the third group (lllI) 61-75,
the fourth group (IV) - 25-75 years old, persons with
preserved dentition (control group).

All studies were performed after patients were informed
and signed an informed consent to participate in studies in
compliance with the basic provisions of the GSR (1996), the
Council of Europe Convention on Human Rights and
Biomedicine (04.04.1997), the Helsinki Declaration of the
World Medical Association on Ethical Principles of Medical
Research with human participation (1964-2013), orders of
the Ministry of Health of Ukraine Ne 690 of 23.09.2009, Ne
616 of 03.08.2012 and approved by the decision of the
Commission on Biomedical Ethics (Minutes Ne 2 of
21.10.2021).

The work is a fragment of the initiative research work of
the Department of Histology, Cytology and Embryology of
Bukovinian State Medical University "Structural and functional
features of tissues and organs in ontogenesis, patterns of
variant, constitutional, sex-age and comparative morphology
of human", Ne state registration 0121U11012.

Digital statistical analysis was performed in StatSoft
Statistica 10.0 software and presented as M+o (mean and
standard deviation). Using non-parametric methods of
statistical analysis, the comparison of experimental groups
with the control group was performed using the Mann-
Whitney U-test. Comparison of age groups - using the
multidimensional Kruskal-Wallis test as an alternative
intergroup analysis of variance used to compare three or

alveolaris to the edge of the base of the mandible (VP); B - distance, in the horizontal plane on the sagittal sections, from the edge of the

lingual surface to the edge of the buccal surface (HP).
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more samples to test null hypotheses according to which
different samples were taken from the same distribution
with similar medians. Differences between groups were
considered significant at a significance level of p<0.05.

Results

The obtained results of densitometric determination
indicate a decrease in bone density, with the loss of the
masticatory group of teeth, in all study groups. Detailed
analysis shows a decrease in the mean value of M in the
projections of missing 4.6 and 4.7 teeth in vertical (VP) and
horizontal (HP) determinations in the three experimental
groups (Table 1).

Table 1. Quantitative indicators of densitometric determination
(CUG) of mandibular bone on the right side, on sagittal sections in
vertical (VP) and horizontal (HP) planes due to loss of masticatory
teeth in people aged 25-75 years (M+0).

Research
groups,
years VP HP VP HP

1(25-45 p.)
n=14

Il (46-60 p.)
n=20

I (61-75 p.)
n=17

p 0.359

Projection of 4.6 teeth Projection of 4.7 teeth

880.6+x142.9| 1159+176 |980.1+144.4| 1140+206

812.9+242.4 | 1064+148 |891.5+193.6| 1042+148

783.8+205.3 | 947.0£176.0 | 778.8+213.6 | 893.8+148.0

0.002 0.009 0.000
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With increasing of age, bone density decreases in direct
proportion to the loss of masticatory teeth, which is confirmed
by high reliability, at a level of significance p<0.05, intergroup
differences in values obtained, except VP in the projection of
missing 4.6 teeth, where p>0.05 (Fig. 2).

This result is justified by the fact that the cortical layer of
bone tissue of the buccal side is primarily affected by
etiopathological factors, even with preserved dentition [6].

As well as the physiological process - bone remodeling,
primarily occurs on endosteal surfaces, where the most
localized osteoclasts and osteoblasts [10, 24].

By comparing the quantitative indicators of densitometric
determination (CUG) of bone density, using the Mann-
Whitney U-test, in the studied areas of the mandible, the
total average number of M experimental (E) groups to the
average number of control group (C), the reliability of such
results in vertical definitions and is confirmed by p<0.05
(Table 2).

The VP value in projection 4.6 is characterized by a
moderately high density in the experimental groups (E) and
is 822.0+236.7 with a decrease in the control group (C) to
675.5+358.7 (p<0.05). The value of VP in the projection of
missing 4.7 teeth indicates a decrease in bone density, both
in the experimental groups (E) - 878.0+233.2 and in the
control group (C) - 725.1+456.4 (p<0.05).

This analysis of the results of VP and HP, although
confirms the hypothesis of dependence on the constitutional
type of person, but its density is directly proportional to the
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Fig. 2. The level of reliability (p) of the results of densitometric determination: . - | research group (25-45 years), where n=14;

- Il research group (46-60 years), where n=20;

- lll research group (61-75 years), where n=17.
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Table 2. Comparison of quantitative indicators of densitometric
determination (CUG) of mandibular bone tissue on sagittal sections
in vertical (VP) and horizontal (HP) planes due to loss of masticatory
teeth in people aged 25-75 years (n=68).

VP HP
Definition area
Mto p Mto p
Projection of | E | 822082367 | | 1051:214 |
46teeth | ¢ | 75543587 | 977443884 |
Projectionof | E | 8780:2332 | | 10194223 |
47teeth | ¢ | 725144564 | 950.3+446.1 |

Notes: E - experiment; C - control.

The authors [8] point out that the rate of lower jaw bone
remodeling is twice as high as in the upper jaw, and,
hypothetically, may play a role in the development of
osteonecrosis of the jaw, which occurs mainly in the
mandibular pars alveolaris due to the pronounced density
of cortical layers.

Significant densitometric differences are obtained in the
analysis of functional or bone tissue "without activity". Bone
mass is conditionally redistributed from one place to another,
where force acts [2, 3, 12, 16]. Liquid trabeculation of the
mandible (large intertrabecular spaces and thin trabeculae)

Fig. 3. 3D reconstruction models of coronal (frontal) sections of the mandible, with atrophy of bone tissue due to loss of masticatory
teeth. A - the first age group (I, 25-45 years); B - the second age group (I, 46-60 years); C - the third age group (llIl, 61-75 years).

time of tooth loss. After all, we found that the early loss of the
masticatory group of teeth, the first group of studies (25-45
years), leads to high rates, with increasing bone density in
the direction of distalization of the final defect of the dentition.
Conversely, the lack of functional effect on bone tissue, the
second (46-60 years) and third (61-75 years) of the study
group, leads to a decrease in its density, and consequently
the devastation of the trabecular layer, which contributes to
the progression of atrophic processes (Fig. 3).

Discussion

The study of bone density is one of the priority diagnostic
methods in the rehabilitation protocol of patients with
acquired atrophy of bone tissue with secondary defects of
the dentition. After all, bone tissue, in particular lower jaw
pars alveolaris, is characterized by pronounced
morphological variability and has a unique ability to rearrange
in the direction of vertical movement of the teeth [30].

Low bone density is characterized by rapid metabolic
metabolism, which leads to increased manifestations of
pathological changes. Dense trabeculation in the periapical
mandibular molars, with well-mineralized trabeculae and
small intertrabecular spaces, is a reliable sign of normal
skeletal bone density, while sparse trabecular pattern
indicates osteopenic manifestations and difficulty in
selecting treatment.

is a reliable sign of osteopenia [22, 25]. Decreases in
osteoblast-osteocyte-forming cells, which maintain the level
of ionic concentration in the bone interstitial fluid, directly
reflect the osteon structure and its volume.

In our previous studies [20], as well as the authors [31]
focused on the fact that the lack of indirect "constant pressure”
leads bone tissue to a state of relative metabolic rest, but
also to its devastation, which we confirm in the interpretation
of the results Il and Ill experimental groups of this work,
presented above.

Having an understanding of bone density, even with
severe atrophy of the cell process, or even its complete
resorption, the clinical prognosis becomes clear and
receptive to the choice of methods of clinical rehabilitation
[11]. Loss of bone width and depth can affect implantation
success. Directed (controlled) regeneration (DCR)
techniques are often used to restore sufficient bone volume
for dental implants, but correct implementation of a modern
clinical protocol without densitometric analysis becomes
impossible and risky [15]. In previous scientific works, the
clinical results of rehabilitation of a patient with dentition
defects are clearly presented, in particular, on the example
of the mandibular segment [21], which became the basis
for further research and writing a scientific paper.

Of course, we, like every researcher, sought to compare
the results obtained with acquired atrophy of bone tissue

Vol. 28, Ne1, Page 42-47
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due to loss of the masticatory group of teeth with age,
however, the search for similar studies was not effective.
Therefore, the prospects for further research include a
detailed analysis of age densitometric assessment of bone
tissue, as an interdependent diagnostic criterion in the
rehabilitation of patients with early loss of the masticatory
group of teeth.

Conclusions
1. The cortical layer of bone tissue on the buccal side is
primarily affected by etiopathological factors, even with
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OEHCUTOMETPUYHA OLIHKA B OBI'PYHTYBAHHI PEABIITAL|IT MALIEHTIB I3 ATPO®IEIO KICTKOBOI TKAHUHU HUXHBOIT

LWENENMW, 3 MPABOI CTOPOHU
Owypko A. TI1.

Memodu deHcumomMempuYHO20 8U3HaYEHHS WiNTbHOCMI KicmKo8oi mkaHuHU dedasti Yacmiwe cmatomp chyHOaMeHmManbHUMU y HayKosux
docnidxeHHsIX ma rnpiopumemHuUMU y KiiHIYHOMY 3acmocyeaHHi 8 MeduyHil npakmuui. Peabinimauis nayieHmie 3 ampogieto KicmKkosoi
MKaHUHU cmae HeMoXiugot 6e3 OyiHKU Ii winbHocmi ma, eodHoYac, € 8aX/ugor CKIadosow npu OGiaezHocmuuyi ma rniaHyeaHHi
PEKOHCMPYKMUBHO20 Xipyp2iYHO20 8mpy4yaHHs, 30Kpema, Mpo2HOCMUYHOCMI Yy 8UKOpUCMaHHI ocmeonnacmu4yHux mamepiarnie 4yu
ocmeoiHmezpauii deHmanbHUXx imMnnaHmamis. Memoro pobomu 6yno nposedeHHs deHcUmMoMempuYHOI oyiHKU Osn1si 0brpyHmMyeaHHs
peabinimauji nauieHmie 3 ampogi€cto KICmKo8oi mKaHUHU HUXHBOI wenenu 3 npasoi CMopoHU y sikosux gpynax ntodeli 6id 25 do 75
pokie. OmpumaHi 3 BUKOpUCMaHHSIM cuCcmeMUu eKkcmpa-oparbHoi peHmaeHoepadii Vatech PaX-1 3D Green kommn'tomepHo-momoepaghidHi
yughposi ckaHysaHHs1 ornpauyboeaHo cmaHOapmu308aHuM peHmaeHoliaeHOCMUYHUM rpoepamMHuUM 3abesnedyeHHsm Ez3D-I Original
ver.5.1.9.0. Bukopucmosytouu iHcmpymeHmu 20pu3oHmaribHOI onyitiHoi naHeni, 30Kkpema knasiwi iHmepgbelicy "npoginb", docnidxeHo
winbHicmb KICmKogoi mKkaHUHU 3 iHmeprpemaujieto 8 yMosHuUx oOuHuUUsix cipocmi (YOC) y npoekuii 4.6 ma 4.7 3ybis. [4na ompumaHHs
SIKICHO OOHOPIOHUX 3Ha4eHb HaMu 3acmoco8aHo HerapamMempuyHi MemoOu cmamucmuy4yHO20 aHarisy ropieHsIHHS epyrl 3a 8iKOM - i3
suKopucmaHHsiM bazamosumipHo20 Kpumepito Kpackena-Yonrica siK anbmepHamueHO20 MiXepyrnogo2o OucrnepcHo20 aHanisy ons
00HOYaCHO20 MOPIBHSIHHSI MPbOX 8UbIpoK. [1i0 Yac cmamucmu4YHO20 aHanizy ompuMaHUX MoKa3HUKI8 WiTbHOCMI KiCmKo8oi mKaHUHU
3 sukopucmarHam U-kpumepito MaHHa-YimHi @ docnidxysaHux OifisiHKax HUXHbLOI wenenu crpaea, 3a 3a2asfibHUM cepedHiM 4ucriom
M docnioHux () epyn y nopieHsHHI i3 cepedHim yucrom epynu koHmposmto (K), ompumaHo sucoky docmosipHicmb pe3ynbmamig y
sepmukanbHux (VP) 3amipax i niomeepdxeHo p<0,05. Takum YuHomM, dogedeHo, WO paHHSI empama xyearsbHoi epyrnu 3ybis, y nepuwil
epyni docnioxeHHs1 (25-45 pokig), npu3eodump 00 BUCOKUX MOKa3HUKI8 3 HapOCMaHHAM WibHOCMIi KicmKo8oi mKkaHUHU 8 biK
Oucmani3auii kiHyesoz2o deghekmy 3ybHuUx psdie. |, Hasnaku, eidcymHicmb OyHKUioHanbHOI Oif Ha Kicmkogy mkaHuHy, y Opyeail (46-60
pokie) ma mpemiti (61-75 pokig) epynax OocnioxeHHs, npu3godums 00 3HUXeHHS ii WinbHocmi, a, 8idrnoegioHo, i 60 crycmoweHHs
mpabeKynspHo20 wapy, Wo Crpusie rnpoepecysaHHo ampogiyHUX Npouecis.

KnrouoBi cnoBa: HuXHs wenerna, KoMn'rtomepHa momoepadpisi, deHcumomempisi, ampoagisi KicCmKo80i mKaHUHU.
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