
              REPORTS OF MORPHOLOGY

 Official Journal of the Scientific Society of Anatomists,
Histologists, Embryologists and Topographic Anatomists

of Ukraine

© 2022 National Pirogov Memorial Medical University, Vinnytsya

 journal homepage: https://morphology-journal.com

DOI: 10.31393/morphology-journal-2022-28(1)-06                             Reports of Morphology, Vol. 28, №1,  Pages 42-47

ISSN 1818-1295  eISSN 2616-6194

Densitometric assessment in the justification of rehabilitation of
patients with atrophy of the bone tissue of the mandible, on the
right side
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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.

ARTICLE   INFO

Received: 28 November 2021

Accepted: 10 January 2022

UDC: 616.716.4-031-007.23-073.7-
073.432.19-08

CORRESPONDING   AUTHOR
e-mail: anatoliystudent@gmail.com
              Oshurko A. P.

CONFLICT OF INTEREST

The authors have no conflicts of interest

to declare.

FUNDING

Not applicable.

42

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

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 (I) - 25-45 years, the

second group (II) - 46-60 years, the third group (III) 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 № 690 of 23.09.2009, №

616 of 03.08.2012 and approved by the decision of the

Commission on Biomedical Ethics (Minutes № 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", № state registration 0121U11012.

Digital statistical analysis was performed in StatSoft

Statistica 10.0 software and presented as M±σ (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

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



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).

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

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±σ).

Research
groups,
years

Projection of 4.6 teeth Projection of 4.7 teeth

VP HP VP HP

I (25-45 р.)
n=14

880.6±142.9 1159±176 980.1±144.4 1140±206

II (46-60 р.)
n=20

812.9±242.4 1064±148 891.5±193.6 1042±148

III (61-75 р.)
n=17

783.8±205.3 947.0±176.0 778.8±213.6 893.8±148.0

p 0.359 0.002 0.009 0.000

Fig. 2. The level of reliability (p) of the results of densitometric determination:        - I research group (25-45 years), where n=14;
        - II research group (46-60 years), where n=20;          - III research group (61-75 years), where n=17.
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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.

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)

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 II and III 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

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).

Notes: E - experiment; C - control.

Definition area
VP HP

M± p M± p

Projection of
4.6 teeth

E 822.0±236.7
0.004

1051±214
0.300

C 675.5±358.7 977.4±388.4

Projection of
4.7 teeth

E 878.0±233.2
0.023

1019±223
0.428

C 725.1±456.4 959.3±446.1

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 (II, 46-60 years); C - the third age group (III, 61-75 years).
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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

preserved dentition. Bone remodeling primarily occurs on

endosteal surfaces.

2. The density of bone tissue is directly proportional to

the time of tooth loss and manifests its variability in the age

periods of ontogenetic development. With increasing of age,

the bone density of the mandible decreases with end defects

of the dentition, which is confirmed by the high intergroup

difference of the obtained values, except for the study area in

the projection of missing 4.6 teeth in the vertical plane as the

area of this definition borders on functionally loaded and is

provided with relatively proper mineralization.
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ДЕНСИТОМЕТРИЧНА ОЦІНКА В ОБҐРУНТУВАННІ РЕАБІЛІТАЦІЇ ПАЦІЄНТІВ ІЗ АТРОФІЄЮ КІСТКОВОЇ ТКАНИНИ НИЖНЬОЇ
ЩЕЛЕПИ, З ПРАВОЇ СТОРОНИ
Ошурко А. П.

Методи денситометричного визначення щільності кісткової тканини дедалі частіше стають фундаментальними у наукових

дослідженнях та пріоритетними у клінічному застосуванні в медичній практиці. Реабілітація пацієнтів з атрофією кісткової

тканини стає неможливою без оцінки її щільності та, водночас, є важливою складовою при діагностиці та плануванні

реконструктивного хірургічного втручання, зокрема, прогностичності у використанні остеопластичних матеріалів чи

остеоінтеграції дентальних імплантатів. Метою роботи було проведення денситометричної оцінки для обґрунтування

реабілітації пацієнтів з атрофією кісткової тканини нижньої щелепи з правої сторони у вікових групах людей від 25 до 75

років. Отримані з використанням системи екстра-оральної рентгенографії Vatech PaX-I 3D Green комп'ютерно-томографічні

цифрові сканування опрацьовано стандартизованим рентгенодіагностичним програмним забезпеченням Ez3D-I Original

ver.5.1.9.0. Використовуючи інструменти горизонтальної опційної панелі, зокрема клавіші інтерфейсу "профіль", досліджено

щільність кісткової тканини з інтерпретацією в умовних одиницях сірості (УОС) у проекції 4.6 та 4.7 зубів. Для отримання

якісно однорідних значень нами застосовано непараметричні методи статистичного аналізу порівняння груп за віком - із

використанням багатовимірного критерію Краскела-Уолліса як альтернативного міжгрупового дисперсного аналізу для

одночасного порівняння трьох вибірок. Під час статистичного аналізу отриманих показників щільності кісткової тканини

з використанням U-критерію Манна-Уїтні в досліджуваних ділянках нижньої щелепи справа, за загальним середнім числом

М дослідних (Д) груп у порівнянні із середнім числом групи контролю (К), отримано високу достовірність результатів у

вертикальних (VP) замірах і підтверджено p<0,05. Таким чином, доведено, що рання втрата жувальної групи зубів, у першій

групі дослідження (25-45 років), призводить до високих показників з наростанням щільності кісткової тканини в бік

дисталізації кінцевого дефекту зубних рядів. І, навпаки, відсутність функціональної дії на кісткову тканину, у другій (46-60

років) та третій (61-75 років) групах дослідження, призводить до зниження її щільності, а, відповідно, і до спустошення

трабекулярного шару, що сприяє прогресуванню атрофічних процесів.

Ключові слова: нижня щелепа, комп'ютерна томографія, денситометрія, атрофія кісткової тканини.
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