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Abstract. Despite the widespread use of cone-beam computed tomography, regional variations in cortical and
trabecular bone density remain insufficiently characterised. The aim of this study was to assess mandibular
bone density across different anatomical regions and to identify clinical situations in which pre-implant bone
augmentation may be required. The methodology involved the analysis of cone-beam computed tomography data
with quantitative assessment of bone density in the anterior, premolar, and molar regions of the mandible. The
highest bone density values were observed in the anterior mandible, averaging 944.9 + 207 HU in the control
group and 910.2 + 198 HU in edentulous patients (p > 0.05). In the premolar region, bone density decreased to
643.8+162 HU in the absence of teeth, compared with 826.4+ 175 HU in dentate individuals (p <0.05). The most
pronounced reduction was identified in the molar region, where values reached 512.5 + 148 HU in edentulous
patients versus 789.7 + 160 HU in the control group (p < 0.01), confirming the adverse effect of prolonged
posterior tooth loss on bone quality. Furthermore, reduced bone density in the distal mandible was associated
with compromised cortical bone characteristics, potentially affecting the primary stability of dental implants.
These regional differences should be taken into account when selecting implant dimensions and planning the
extent of bone augmentation, particularly in patients with long-standing edentulism. The findings are clinically
relevant for optimising implant treatment strategies, determining the need for bone augmentation, and improving
the predictability of surgical outcomes

Keywords: mandible; bone tissue density; CBCT; regional variability; alveolar ridge; bone augmentation

INTRODUCTION

Dental implantation is widely regarded as one of the may vary considerably depending on the anatomical

most effective approaches for the replacement of miss-
ing teeth and the functional rehabilitation of patients.
The success of implant therapy is largely dependent on
the condition of the jawbone, as both its volume and
density directly influence the achievement of primary
implant stability and the predictability of osseointegra-
tion. Particular attention should be paid to the mandi-
ble, where the density of cortical and trabecular bone
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region, patient age, and the duration of edentulism.
In this context, accurate assessment of bone quality
represents a critical stage in preoperative planning
and in the selection of an appropriate surgical strate-
gy. C.S. Park et al. [1] conducted a validation study of a
quantitative method for assessing bone mineral densi-
ty based on cone-beam computed tomography (CBCT)
data using deep learning algorithms. Their findings
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demonstrated that this approach provided more ac-
curate and reproducible density measurements com-
pared with conventional CBCT analysis. These results
highlight the potential of quantitative CBCT as a reliable
tool for objective evaluation of bone quality in implant
treatment planning.

According to G. Avila-Ortiz et al. [2], post-extrac-
tion resorption of the alveolar ridge is a physiological
remodelling process characterised by a reduction in
both bone height and width, most pronounced within
the first months to years following tooth removal. This
process may significantly complicate implant therapy
and increases the need for techniques aimed at pre-
serving and augmenting bone volume. Evidence from
biomechanical as well as clinical and radiological stud-
ies indicates that insufficient bone volume represents
one of the principal limiting factors for implant place-
ment and is associated with an increased risk of post-
operative complications. Furthermore, O. Yildirim et
al. [3] emphasised the importance of CBCT-based as-
sessment of bone morphology and quality, including
Hounsfield unit (HU) values. It is the combined eval-
uation of parameters - such as alveolar ridge configu-
ration, cortical bone thickness, and radiographic bone
density - that plays a decisive role in the selection of
the surgical approach and the accuracy of the interven-
tion, including guided implant surgery. The authors
demonstrated that cortical plate characteristics, as
well as bone density and morphology in the posteri-
or mandible, are associated with the risk of technical
deviations and variability in clinical outcomes when
digital surgical guides are employed.

In studies by ]J. Lorenz et al. [4] and T. Starch-
Jensen et al. [5], particular emphasis was placed on
measuring cortical bone thickness in prospective im-
plant sites. The findings indicated that the cortical
component plays a pivotal role in achieving primary
implant stability and in establishing a favourable treat-
ment prognosis. At the same time, the authors high-
lighted considerable interindividual variability in these
parameters, underscoring the need for standardised
CBCT-based criteria for the assessment of bone qual-
ity. According to P. Suthakar et al. [6], a distinct area
of contemporary research focuses on the use of CBCT
for the quantitative evaluation of mandibular resorp-
tion based on stable anatomical landmarks, including
the mental region. The application of standardised
reference points enables consistent morphometric
comparisons in both dentate patients and those with
partial or complete edentulism. However, the authors
noted that most studies are limited to describing the
extent of resorption without establishing clinically rel-
evant threshold values necessary for evidence-based
decision-making when selecting reconstruction tech-
niques, such as guided bone regeneration (GBR), alve-
olar ridge splitting, the use of bone blocks, or vertical
augmentation procedures.
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The Proceedings of the 21 All-Russian Dental Fo-
rum report [7] that, between 2020 and 2024, consider-
able attention was devoted to analysing the outcomes
of reconstructive techniques in the mandible, including
GBR and horizontal augmentation. These advances have
contributed to expanding the indications for dental im-
plantation in patients presenting with pronounced alve-
olar ridge atrophy. At the same time, it was emphasised
that, despite favourable clinical outcomes, a significant
limitation remains the methodological heterogeneity
of available studies, including differences in study de-
sign, osteoplastic materials and barrier membranes em-
ployed, follow-up duration, and criteria used to define
treatment success. Such variability continues to hinder
the development of a universally accepted, CBCT-based
decision-making algorithm for selecting the optimal re-
constructive approach. An important contribution to the
regional body of evidence has been made by researchers
from Kyrgyzstan. In particular, A.M. Eshiev & R.E. Abiro-
va [8] demonstrated the clinical relevance of CBCT-based
bone density assessment (in HU), highlighting regional
variability in these parameters. The authors also pre-
sented a clinical case illustrating the management of a
patient with severe atrophy, including mandibular in-
volvement, using a digital treatment planning approach.

Furthermore, in 2025, A.M. Eshiev & B.A. Israilov [9]
published an observational CBCT-based study demon-
strating the presence of destructive periapical bone
changes in all examined patients. The study focused on
the assessment of bone biotypes and the practical in-
terpretation of CBCT-derived parameters in treatment
planning for older patient cohorts.In addition, A.K. Ab-
dymechinova et al. [10], in a review paper, highlighted
the role of advanced technologies, including CBCT, as
essential tools for diagnosis and treatment planning in
maxillofacial dentistry, further supporting the need for
the implementation of standardised approaches in clin-
ical practice in Kyrgyzstan.

The aim of the present study was to determine the
characteristics of bone density and volumetric param-
eters of the mandible across different anatomical re-
gions, and to establish threshold values for horizontal
and vertical bone deficiency at which bone augmenta-
tion becomes necessary to ensure predictable and long-
term outcomes of dental implantation.

MATERIALS AND METHODS
The study was conducted at the Department of Oral and
Maxillofacial Surgery, Osh State University, between
2024 and 2025. A prospective clinical and radiological
assessment was performed in patients presenting with
partial edentulism of the posterior mandible and sched-
uled for dental implant therapy. A total of 50 patients
aged 45-70 years were enrolled and allocated into two
groups. Group 1 (study group) comprised 25 patients
with bilateral absence of posterior mandibular teeth
(FDIpositions 4.5-7.5). Group 2 (control group) included
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25 patients with intact dentition. Only individuals
without systemic bone disorders or significant inflam-
matory pathology in the intended implant sites were
included. Exclusion criteria comprised osteoporosis,
oncological diseases, active inflammatory-destructive
processes, the use of medications affecting bone me-
tabolism (e.g., bisphosphonates, glucocorticosteroids),
and pregnancy. The duration of edentulism in the study
group ranged from 6 months to 10 years and was con-
sidered a variable influencing morphometric param-
eters and relative bone density. CBCT was performed
using the Planmeca ProMax 3D (Finland) following a
standardised protocol (voxel size 0.2 mm; field of view
8x8 cm; 90 kV; 10 mA). Tomographic data were ana-
lysed using Planmeca Romexis 6.0. Measurements were
obtained bilaterally in the premolar (4.5-5.5) and molar
(6.5-7.5) regions of the mandible.

The region of interest (ROI) was defined at levels
1, 3, and 5 mm apical to the crest of the alveolar ridge.
In each area, no fewer than three measurements of
cortical plate thickness and relative bone density were
obtained, followed by calculation of mean values. Bone
density assessment was performed using CBCT in
the planned implant sites, specifically within the pre-
molar and molar regions bilaterally in the mandible.
Density values were expressed in HU. Bone quality
was classified according to the Lekholm & Zarb classi-
fication [11], based on the relationship between corti-
cal and cancellous bone components. The evaluation

incorporated CBCT-derived data, taking into account
both the morphological characteristics of the alveolar
ridge and quantitative density parameters. Statistical
analysis was carried out using IBM SPSS Statistics 26.
The results are presented as mean * standard deviation
(M £ SD). Differences between groups were assessed
using Student’s t-test and one-way analysis of vari-
ance (ANOVA), with the level of statistical significance
set at p<0.05. The study was conducted in accordance
with the principles of the Declaration of Helsinki [12]
and was approved by the local ethics committee of Osh
State University (Protocol No. 4, dated 15 December
2024). Written informed consent was obtained from all
participants prior to inclusion in the study.

RESULTS AND DISCUSSION
According to the CBCT findings, the mean bone densi-
ty in the anterior mandible was 944.9 + 207 HU, which
markedly exceeds the corresponding values observed
in the anterior maxilla (715.8 + 190 HU) and, in par-
ticular, in the posterior maxilla (455.1+122 HU). These
values correspond to type D1 according to the Lekholm
& Zarb classification [11], characterised by a predomi-
nance of dense cortical bone. Such structural features
provide high mechanical strength and are favourable
for successful implant osseointegration. Table 1 pre-
sents comparative data on mandibular bone mineral
density across different anatomical regions, stratified
by dentition status.

Table 1. Comparative values of mandibular bone mineral density (BMD)
according to anatomical region and dentition status

Zone of research Control group (n=25) Main group (edentulous, n=25)
Anterior zone (3.3-4.3) 944.9+207 910.2+198 >0.05
Premolar zone (4.5-5.5) 826.4+175 643.8+162 <0.05
Molar zone (6.5-7.5) 789.7£160 512.5+148 <0.01

Source: developed by the authors

The data presented in Table 1 indicate that the
highest BMD values are observed in the anterior man-
dible, where density exceeds 900 HU, corresponding
to type D1 according to the Lekholm & Zarb classifica-
tion [11]. Differences between the study and control
groups in the anterior region were not statistically
significant (p > 0.05). In the premolar and molar re-
gions, a significant reduction in BMD was observed in
edentulous patients, reflecting a shift in bone structure
towards type D3-D4. Figure 1 illustrates the distribu-
tion of BMD across the anterior, premolar, and molar
regions of the mandible. Patients with intact dentition
exhibited significantly higher bone density compared
with individuals with bilateral posterior tooth loss. The
most pronounced decrease was observed in the molar
region, where density values corresponded to type D3-
D4. Mandibular bone is characterised by a high degree
of homogeneity and low porosity, particularly in the an-
terior region. In this anatomical segment, the cortical

layer is well-developed and constitutes a substantial
proportion of the total bone thickness, providing in-
creased rigidity and resistance to mechanical stress.
The cancellous bone exhibits a dense, well-organised
trabecular structure with relatively small inter-trabecu-
lar spaces, further enhancing the biomechanical stabili-
ty of the bone matrix.The high degree of mineralisation
and structural uniformity in the anterior mandible cre-
ate favourable conditions for achieving reliable primary
stability of dental implants. In the studied regions, the
mean alveolar bone height was 8.2 + 1.4 mm. This re-
duces the likelihood of early implant micromovements,
minimises the risk of fibrous capsule formation, and
supports complete osseointegration. Moreover, these
morphological characteristics allow, in certain clini-
cal scenarios, the use of immediate or early functional
loading protocols, which can shorten the duration of
prosthetic rehabilitation, improve treatment predicta-
bility, and enhance patient quality of life (Fig. 2).
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Figure 1. Mean BMD (HU) across different anatomical regions of the mandible in dentate and edentulous patients

Source: developed by the authors

Figure 2. Morphological features bone tissue of anterior zone of mandible

Source: developed by the authors

According to CBCT data, a male patient demon-
strated a mean bone density of 2,675 HU in the ante-
rior mandible. These findings indicate an extremely
high degree of bone mineralisation, with a pronounced
predominance of dense cortical bone. Such values cor-
respond to dense compact bone (type D1 according
to the Lekholm & Zarb classification [11]), character-
ised by minimal cancellous bone and high mechanical
strength. This bone type provides substantial primary
implant stability due to its high density and resistance
to deformation. However, when working with bone of
such high density, a careful preparation protocol is re-
quired, including controlled drill speed and adequate
irrigation, to prevent overheating and thermal necrosis
of the bone tissue. The anterior mandible, with its high
density and uniform structure, represents a preferred

site for dental implant placement, particularly in the
absence of posterior teeth. These anatomical and phys-
iological features contribute to high primary implant
stability and successful osseointegration, as confirmed
by CBCT findings and clinical observations.

Assessment of the need for bone augmentation in
cases of mandibular resorption requires comparing the
residual alveolar ridge dimensions with the minimum
requirements for reliable osseointegration and aes-
thetic rehabilitation. Evaluation criteria for resorption
include horizontal deficiency: when the alveolar ridge
width is less than 5 mm, the risk of inadequate implant-
cortical bone contact increases, reducing primary sta-
bility. When the width falls below 3-4 mm, placement of
standard implants without prior ridge augmentation is
generally not feasible (Fig. 3).
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Figure 3. Horizontal bone deficiency due to reduced width of the mandibular alveolar ridge

Source: developed by the authors

CBCT revealed that the alveolar ridge width at the
examined site measured 3.4 mm. These morphometric
findings indicate a pronounced horizontal bone de-
ficiency and a significant reduction in alveolar ridge
volume in the bucco-lingual direction. At this ridge
width, there is insufficient bone to provide an adequate
circumferential support around the implant, which is
essential for achieving primary stability and predict-
able osseointegration. According to widely accepted
clinical criteria, the minimum bone width required for
placement of standard implants (3.5-4.0 mm in diame-
ter) should allow at least 1.0-1.5 mm of bone on either
side of the implant. In the present case, the available
bone falls considerably below these recommendations,
increasing the risk of cortical plate perforation, loss of

Marc 41 Mo 112

primary stability, and the development of early postop-
erative complications.

Thus, performing implant placement without pri-
or horizontal bone augmentation or other ridge-width
enhancement techniques - such as GBR, ridge splitting,
or the use of bone blocks - appears clinically unjustified
and carries a high risk of treatment failure. Vertical defi-
ciency, defined as alveolar bone height <8 mm, does not
provide sufficient depth for the intraosseous portion of
the implant (typically 210 mm). Classification based on
residual bone height (A-D) is as follows: A (=10 mm) -
augmentation not required; B (7-9 mm) - short im-
plants or minimal augmentation may be considered; C
(4-6 mm) and D (0-3 mm) - mandatory pre-implant aug-
mentation. This classification is illustrated in Figure 4.

Cpewwnt T

Figure 4. Vertical bone deficiency characterised by reduced height of the mandibular alveolar ridge

Source: developed by the authors

Thus, an alveolar ridge height of less than 8 mm
is considered insufficient to ensure adequate depth
for positioning the intraosseous portion of a stand-
ard dental implant. Under such conditions, the use of
standard-length implants (10 mm or more) is limited,
which increases the risk of inadequate primary stabili-
ty and unfavorable distribution of occlusal load. When
the bone height ranges between 7-9 mm (conditional
category B), the use of short implants (6-8 mm) may be

considered, provided that the ridge width is sufficient
and bone density parameters are satisfactory. In such
clinical situations, implant placement without prior ver-
tical bone augmentation may be feasible; however, the
decision should be made based on the morphology of
the alveolar ridge, the thickness of the cortical plates, the
proximity of critical anatomical structures (such as the
mandibular canal), and the anticipated functional load.
Therefore, the assessment of the vertical dimension
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using CBCT data plays a crucial role in selecting the ap-
propriate implant length and determining the need for
vertical bone augmentation. The classification of resid-
ual alveolar bone height (A-D) is an important tool in

Abirova & Eshiev

dental implant planning, particularly in cases of severe
mandibular atrophy (Table 2). This system allows for
evaluation of the necessity and extent of bone augmenta-
tion, as well as selection of the optimal surgical approach.

Table 2. Classification of residual bone height (A-D)

Residual bone
height (mm)

Clinical characteristics

Recommended treatmen:

Sufficient bone volume for implant placement Standard implant placement without the need
A 210 mm . . . .
without additional augmentation for bone grafting
Moderate bone height deficiency; Placement of short implants
B 7-9 mm . . . . . : .
implant placement possible with caution or minimal augmentation may be considered
Significant bone height deficiency; increased risk Preoperative vertical augmentation
C 4-6 mm . - . . . .
of insufficient osseointegration is required, e.g., GBR
D 0-3 mm Critical bone deficiency; implant placement not Mandatory vertical augmentation
feasible without substantial bone augmentation | with delayed implant placement after healing

Source: developed by the authors

Clinical significance of the classification: 1) Class
A: allows implant placement without additional pro-
cedures, ensuring high primary stability of implants;
2) Class B: requires careful evaluation; the use of
short implants or minimal augmentation may be
considered to achieve sufficient stability; 3) Class C:
necessitates vertical augmentation procedures, such
as GBR, to obtain adequate bone volume prior to im-
plant placement; 4) Class D: requires a comprehen-
sive approach with mandatory augmentation and
delayed implant placement following complete heal-
ing and the formation of new bone volume. Thus, the
A-D classification of residual bone height provides
clear guidelines for planning dental implant treat-
ment in cases of mandibular atrophy. It facilitates the

M 287

assessment of the need for and extent of bone aug-
mentation, the selection of an appropriate treatment
strategy, and the prediction of implant osseointegra-
tion outcomes. This classification is particularly im-
portant when deciding between immediate and de-
layed implant placement, as well as when planning
the use of techniques such as GBR.

In cases of significant reduction in alveolar ridge
width, typically associated with long-term edentulism
in the posterior region, extensive horizontal bone at-
rophy develops (Fig. 5). Under such clinical conditions,
the available bone volume is insufficient to provide a
circumferential bone envelope around the implant,
which is a critical requirement for achieving primary
stability and subsequent osseointegration.

Cpeprmic W
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Figure 5. Severe horizontal atrophy of the alveolar ridge associated with long-term edentulism

Source: developed by the authors

Journal of Human Biology and Clinical Medicine. 2026. Vol. 2, No. 2



Quantitative assessment of regional variability...

CBCT revealed horizontal atrophy of the mandib-
ular alveolar ridge, characterised by a reduction in its
buccolingual width and thinning of the cortical plates.
Morphometric parameters indicate a decreased bone
volume in the planned implant site. The mean rela-
tive bone density in the examined area was 287 HU,
corresponding to moderately dense bone with a
predominance of cancellous structure and a relative
reduction of the cortical component. These findings
highlight the need for careful assessment of primary
implant stability and possible modification of the sur-
gical approach, taking bone quality into account. In
cases of a characterised vertical defect of the alveo-
lar ridge, accompanied by a reduction in bone height

Macc: 414

within a limited area, unfavorable conditions arise
for optimal implant positioning. This type of atrophy
is characterised by insufficient apico-coronal bone
dimension while the ridge width remains preserved
or relatively preserved. The most common indication
for GBR in vertical deficiency is the need to restore
alveolar ridge height to ensure proper three-dimen-
sional implant positioning in accordance with pros-
thetic requirements and to achieve a stable soft tissue
contour. Vertical augmentation enables the creation
of sufficient bone volume to achieve primary implant
stability, reduce the risk of thread exposure, and en-
sure a favorable aesthetic outcome in the peri-im-
plant region (Fig. 6).
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Figure 6. Localised vertical defect of the alveolar ridge as an indication for GBR

Source: developed by the authors

A reduced distance from the crest of the alveolar
ridge to the mandibular canal was observed, which
limited the use of standard-length implants without
prior bone augmentation. The mean relative bone
density in the examined regions was 414 HU, indicat-
ing bone of moderate to high density with a well-de-
fined cortical layer. The analysis demonstrated that
bone density values ranged from 287 + 64 HU in cas-
es of pronounced horizontal atrophy to 435+ 58 HU
in combined bone defects. Despite satisfactory bone
quality, insufficient ridge height necessitated mod-
ification of the surgical approach, including consid-
eration of vertical GBR or the use of short implants,
taking into account anatomical constraints and the
anticipated functional load.

Simultaneous reduction in both the height and
width of the alveolar ridge resulted in combined bone

deformities characterised by a pronounced three-di-
mensional volume deficiency. Such changes often de-
veloped following tooth extraction complicated by
inflammatory processes (including cyst-related condi-
tions), as well as as a result of traumatic injuries lead-
ing to significant bone loss. In the presence of combined
horizontal and vertical bone deficiencies, simultaneous
implant placement generally does not allow achieve-
ment of adequate bone support and primary implant
stability. The mean width of the alveolar ridge in areas
of partial edentulism was 4.6 + 0.8 mm. In these clinical
situations, a staged surgical approach is preferred: at
the first stage, a bone “container” is created using GBR
or onlay grafting techniques aimed at restoring the
required ridge height and width; at the second stage,
following completion of bone regeneration and remod-
eling, dental implant placement is performed (Fig. 7).
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Figure 7. Combined atrophy of alveolar ridge (horizontalOvertical) as a stage of bone augementation

Source: developed by the authors

CBCT revealed combined (horizontal-vertical) at-
rophy of the mandibular alveolar ridge, characterised
by a simultaneous reduction in ridge width in the buc-
colingual dimension and a decrease in its height in the
apico-coronal dimension. Thinning of the cortical plates
and alterations in the trabecular architecture were ob-
served, indicating a pronounced three-dimensional bone
deficiency in the planned implant site. The mean relative
bone density in the examined region was 435 HU, corre-
sponding to bone of moderate density with a relative-
ly preserved cortical component. Despite satisfactory
bone quality, the reduction in the linear dimensions of
the alveolar ridge limits the possibility of simultaneous
placement of implants of standard length and diameter.
Under such clinical conditions, preliminary reconstruc-
tion of bone volume is required using both horizontal
and vertical augmentation techniques to ensure ade-
quate bone support and predictable osseointegration.

The study results demonstrated statistically sig-
nificant differences in morphometric parameters of
the mandibular alveolar ridge between the main group
(patients with pronounced atrophy requiring bone
augmentation) and the control group (patients with
preserved bone volume allowing implant placement
without prior grafting).In the main group, the mean
values of alveolar ridge width and cortical plate thick-
ness were significantly lower compared to the control
group (p<0.05), which was accompanied by a decrease
in relative bone density values according to CBCT data.
These findings are consistent with systematic reviews
indicating that horizontal bone resorption following
tooth loss is more pronounced than vertical resorption

and reaches clinically significant levels at early stages
of edentulism [13, 14].

Comparative analysis showed that when ridge
width was less than 5 mm and cortical plate thickness
was less than 1 mm, the likelihood of requiring hori-
zontal augmentation increased more than twofold com-
pared to the control group. These data are in agreement
with the conclusions of M. Esposito et al. [15], empha-
sising the key role of residual ridge width in selecting
GBR techniques. Furthermore, the main group demon-
strated greater variability in HU values, indicating het-
erogeneity of bone quality under atrophic conditions.
Similar findings were reported by Y.H. Kim et al. [16],
who demonstrated a correlation between reduced
cortical bone density and decreased primary implant
stability. In the control group, bone density and corti-
cal plate thickness values remained within ranges that
ob6ecneynBaroT predictable osseointegration without
additional bone grafting, which is consistent with the
findings of R. Harikrishnan et al. [17] and M. Lyu et
al. [18], highlighting the relationship between bone
density and primary implant stability.

Particular attention should be given to the identi-
fied relationship between the duration of edentulism
and the degree of ridge reduction: in the main group,
with edentulism lasting more than 3 years, the decrease
in bone width was significantly more pronounced com-
pared to the control group (p < 0.05). These findings
support the concept of progressive post-extraction at-
rophy described in contemporary reviews on alveolar
bone remodeling [9]. In the context of regional studies,
the obtained results are comparable with previously
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reported data demonstrating pronounced individual
variability in bone density parameters among patients
in Kyrgyzstan during implant planning. However, unlike
those studies, the present research complements the
diagnostic aspect with a comparative analysis including
a control group, which allowed for the identification of
clinically relevant threshold values of parameters influ-
encing the choice of augmentation technique.

It should be noted that most publications from
2020-2025 focus on the effectiveness of specific recon-
struction methods. In a systematic review, M. Eguren et
al. [19] demonstrated that gray values (GV) obtained
from CBCT cannot be directly converted into HU due
to the lack of sufficient clinical validation of their diag-
nostic applicability. TR.P. Arvind et al. [20], in a retro-
spective CBCT-based study, showed the effectiveness
of fractal analysis for assessing the microstructure
of alveolar bone around impacted maxillary canines.
N.A. Hassan & A.S.D. Al-Radha [21] reported that CBCT
is an effective method for evaluating both bone quality
and quantity when planning immediate implant place-
ment in the maxillary central incisor region, taking into
account the dental arch form. M.S. Agrawal et al. [22],
also using CBCT and fractal analysis, demonstrated dif-
ferences in bone density between buccally and palatally
impacted canines. At the same time, direct comparison
of morphometric characteristics in patients undergoing
different clinical treatment strategies remains limited.
Y.-]. Choi et al. [23] described the use of CT/CBCT for
pre-implant bone assessment, emphasising the impor-
tance of both bone quality and quantity for predicting
primary implant stability. The conducted comparative
analysis not only confirms existing literature data but
also substantiates an integrative clinical decision-mak-
ing algorithm. Thus, the differences identified between
the main and control groups indicate that a combined
assessment of ridge width, alveolar height, cortical plate
thickness, and HU values based on CBCT data provides
an objective basis for selecting the appropriate bone
augmentation method. This approach enhances the pre-
dictability of implant treatment outcomes and aligns
with current trends in evidence-based implantology.

CONCLUSIONS
The conducted clinical and radiological study ena-
bled a comprehensive and quantitative assessment of
the morphometric parameters of mandibular alveolar
ridge resorption, as well as determination of their clin-

significantly limits the placement of standard-diameter
implants without prior bone augmentation. The mean
height of the alveolar bone in the examined regions
was 8.2 + 1.4 mm. However, in 31.7% of cases, the ridge
height was below 8 mm, creating a risk of insufficient
apical implant fixation and necessitating consideration
of vertical augmentation or the use of short implants,
taking into account anatomical limitations.

Analysis of relative bone density demonstrated val-
ues ranging from 287 *+ 64 HU in cases of pronounced
horizontal atrophy to 435+ 58 HU in combined defects.
These values predominantly correspond to D2-D3 bone
types, indicating a moderate ratio between cortical and
cancellous components. A statistically significant associ-
ation (p <0.05) was identified between edentulism du-
ration exceeding 3 years and both a reduction in ridge
width and a decrease in cancellous bone density, confirm-
ing the progressive nature of atrophic changes over time.

The results indicate that the need for bone augmen-
tation in mandibular resorption is directly determined
by the severity of horizontal and vertical bone deficien-
cy. When ridge width is less than 5 mm and height is
below 7-8 mm GBR, ridge splitting, or the use of bone
blocks represent clinically justified preparatory stages
prior to implant placement. The choice of technique
should be based on a comprehensive evaluation of lin-
ear and spatial defect parameters, cortical plate quality,
bone density, and the patient’s overall systemic condi-
tion. Future research perspectives include the develop-
ment of a standardised algorithm for interpreting CBCT
parameters to predict primary implant stability, as well
as the creation of a differentiated system for selecting
bone augmentation methods based on the integration of
morphometric, biomechanical and clinical risk factors.
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KoHyc Hypnyy KoMnbloTepauK ToMorpadusHbl KONJOHYY MEHEH
acTbIHKbI YXaaK CeeryHyH ap KaHgan aiMaKTapbiHAarbl Thirbi3AbirbiHbIH
e3repMenyynyryH 6aanoo

PaxaT AGupoBa

MegunyHa WIMMAEPUHUH KaHAUJATHI, JOLEHT
U.K. AxyH6aeB aTbiHarsl KbIproi3 MaMyieKETTUK MeIUIMHAJIBIK aKaleMHU s Chl
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A6apipakman EmineB

MeaunyHa WIMMIEPUHUH AOKTOPY, podeccop, Kbipreiz Pecy61MKacbIHBIH YIYTTYK HJIUMAED
AKaIeMUSICBIHBIH KOPPECTIOHAEHT-MY4Y6CY
Kbiprei3 Pecniy6/IMKaChIHBIH YIYTTYK UMM/ EP aKaJleMUsChIHBIH TYIITYK GpUIMaNbIHBIH MeJUITMHAJIBIK )KaHa
OGUOJIOTHSJIBIK KOUTOHIepAY UINMUHN U3UJIJI06 UHCTUTYTY
723500, ©3reH ke4., 130-A, Om 1., Keiprei3 Pecniy6yinkacel
https://orcid.org/0000-0003-2617-8360

AHHOTaumaA. KoHyc HypJlyy KOMIBIOTEPAUK TOMOrpadus KeHUPHU KOJIJOHY/IraHblHA KapabacTaH, KOPTHUKaIbIK
’KaHa TPabeKyJsAPAbIK COOKTYH ThITbI3/IbIIbIHbIH aiMaKThIK allbIpMavyblJIbIKTAphl a3blpblHYA a3 U3UJIJEHTEeH.
ByJs1 M3UJIIe6HYH MaKCaThl — aCTbIHKbBI KaaKThIH ap Kalcbl akMaKTapblHAATrbl COOKTYH ThITBI3JbIIbIH 63aa/100
’KaHa MMIJIAaHTATTbl OPHOTYYAAH MYPYH COOKTY YOHOWTYYHY Tasall KbUITAH IIApTTapJbl aHBIKTOO 60Jym
caHaJsaT. MeTol0J10TUSATA KOHYC HYPJYY KOMIIBIOTEPAUK TOMOTPpadUsSHbIH MaaJbIMaTTapblH Ta/1/00, aCTbIHKBI
YKAaKThIH a//ibIHKbI, IPEMOJIPABIK KaHa a3yy TUIITEPUHUH allMaKTapbIH/JArbl COOKTYH ThITbI3/bIIbIH 61466
kuprusuared. CO6KTYH MaKCHMasAyy ThITBI3JbIIbl ACThIHKBI »KaaKTbIH aJJIbIHKbl 66JIYyTYHJe O6alKasblil,
KOHTPOJIAYK TOITO OPTOYO 3cen MeHeH 944,9 + 207 HU »xaHa Tuiicus 6eitantapza (agentus) 910,2 £ 198 HU
Ty3reH (p>0,05). [IpeMosisip/ibIKk aliMaKTa ThITbI3/bIK THUIICU3 GelTanTapaa 643,8 + 162 HU 4yeliuH TOMOH/IOTOH,
aJl 3MU THLIM CaKTajlraH 6edtantapza 6y kepceTkydy 826,4 + 175 HU 6osron (p < 0,05). ThIrbI3AbIKTBIH 3H,
OaliKa/IapJIbIK TOMOH/PIY a3yy TULITepU 6ap GedTantapza 6ailkajaraH: TULUICKU3 GedTanTapa 6y KepCoOTKYY
512,5+148 HU Ty3reH, aJ aMu KoHTpoaAyK TonTo 789,7 £ 160 HU (p<0,01) 60yiroH. ANBIHI'aH XKbIABIHTBIKTAP
MEeHEH KOIIIO YKaaK COBrYHYH AUCTaNAbIK 66JIYTYHYH ThITbI3bIIbIHBIH TOMOH/OIY KOPTUKAIABIK KaTMapAblH
MYHO3/16MeJIOPYHYH HadapJlallbl MEHEH KOIUTOJIOPYH, 6y/J HWMIIAaHTAaTTapZAblH OallTalKbl TYPYKTYYIYT'YH
TOMOH/BTYLIY MyMKYH 3KEHUH KOPCOTTY. ACTbIHKBI KaaK COOTYHYH ThITbI3/|bITbIH/AATbl aHBIKTA/ITaH alMaKTbhIK
albpIpMavblIBIKTAPAbl UMIVIAHTTAPJAbIH 6JY6MJIePYH TaHZO00J0 aHa CeeKTYy YOHOUTYy (ayrMeHTalus)
K6JIOMYH ILJIaHJAIITHIPYY/ia, alpblK4ya y3aK MOOHOTTYY a/leHTUsI MEHEH 00pyTaH 6elTanTap/a 3CcKe ajayy Kepek.
AJIbIHTaH MaaJsibIMaTTap MMILJIAaHTALUs TaKTUKACBhIH TaH/00, COOKTY YOHOUTYY 3apbLIJbIIbIH aHBIKTOO KaHa
XUPYPrUsJIBbIK JapblIOOHYH aJ/IbIH ajla aUTyy MYMKYHUYJIYTYH »KaKIIbIPTYy YYYH MaaHU/Iyy 601yl caHaaT

Hernsrn cespep: acThIHKbI KaaK Ceery; CeeKTYH MHUHEpPaJJbIK ThITbI3JbIIb;; MOpPGOMeTpPUKAIbIK
KOPCOTKYUTOP; a/lbBe0JIAP/bIK 6CYHYCY; COOK TKaHBIHBIH pereHepanuachl
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KOMMbIOTEpPHOMU TOMOrpapum
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JloKTOp MeIMIIMHCKUX HAayK, podeccop,
YJIeH-KoppecnoHeHT HanroHanbHOM akaZeMuu Hayk KeIpreisckoit Pecy6inku
Hay4yHo-uccieoBaTe/NbCKUM HHCTUTYT MeJUKO-O0M0I0THYeCKUX po6sieM K0KHOTO OTAe/1eHus
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AHHOTaumA. HecMmoTpss Ha I1WHMpoOKoe IpUMEHEeHHe KOHYCHO-JYy4YeBOH KOMIbIOTEpPHOM ToMorpaduy,
pervoHasibHble PasJWyYMs IJIOTHOCTH KOPTHUKAJbHOM M TpabGeKyJsspHOH TKaHU H3y4eHbl HEJOCTATOYHO.
Lenp uccrenoBaHUA COCTOAJA B OLleHKe IJIOTHOCTU KOCTHOW TKAaHM HW)XKHEH 4eJIIOCTU B pPasHBbIX OTAesax
Y BBISIBJEHUM YCJOBUH, NMPHU KOTOPBIX TpebyeTcs NpeABapUTe/NbHOE yBeJHYeHHe 06bEMa KOCTU Iepe,
UMIUIaHTanued. MeTomo/iorusl BKJIOYAJa aHAJMU3 JAHHBIX KOHYCHO-Jy4eBOM KOMIBbIOTEPHON ToMorpaduu c
HW3MepeHHeM IJIOTHOCTY KOCTHOM TKaHM B llepeJiHEM, IPEMOJIAPHOM U MOJISPHOM OTZeJIaX HUKHeH 4eJIICTH.
O6Hapy»eHO, 4YTO MaKCHMaJbHas MJOTHOCTb KOCTHOW TKaHU HaOJ/Iolajlach B MepejHEM OTJesle HIKHEH
YeJIIOCTU U cocTaBJjsAaa B cpenHeM 944,9 + 207 HU B koHTposibHOU rpynne 1 910,2 + 198 HU npu apgeHTHH
(p>0,05). B npemMosisspHO¥ 30HE PU OTCYTCTBUHU 3y60B IJIOTHOCTb CHUKaJIach 10 643,8+ 162 HU no cpaBHEHHIO
€c826,4+175 HU y nauiieHTOB C COXpaHEHHBIM 3yO6HBIM psifioM (p <0,05). Haubosiee BoiparkeHHOE yMeHblIeHHE
IJIOTHOCTHU BBISIBJIEHO B MOJISPHOM 00J1aCTH, TAe TMoKasaTequ coctaBuau 512,5 + 148 HU npu apeHTUH
npotuB 789,7 + 160 HU B koHTposibHOM rpynie (p <0,01), yTo noATBep>KJaeT BJIUSHUE AJIUTEIbHON OTEPU
»KeBaTeJIbHbIX 3y00B HAa KayeCTBO KOCTHOM TKaHH. Pe3ysbTaThl TakXe MOKa3a/id, YTO CHM)KEHHUE NJIOTHOCTH
B JUCTQJBHBIX OTZeJlaX HHWXKHEHW 4eJIIOCTH CONPOBOXJAAeTCA yXyJAUIeHWEeM XapaKTepUCTUK KOPTUKAJbHOTO
CJ1051, YTO MOXKET CHMXKAaTh [EPBUYHYI0 CTaOUJIbHOCTh UMIIJIAHTATOB. BbIsiB/IeHHBIE perMoHabHbIE PA3IUYHs
IJIOTHOCTH KOCTHOW TKaHU CJeJyeT Y4YUThIBaThb NPU BbIGOpe pa3MepoB HUMILJIAHTATOB U IJIAHUPOBAHUHU
00'bEMa KOCTHOM ayrMeHTAaI[lH, 0COOEHHO y Mal[UeHTOB C JJUTeJbHON aJieHTHel. [losydyeHHbIe JaHHbIE BaXKHBI
JUIs1 BbI6Opa TAaKTUKM UMILIAHTALUM, ONpefiesleHUsT He0OOX0AMMOCTH KOCTHOW ayrMeHTalMU U MOBBIIIEHUS
NpesCcKa3yeMOCTH XMPYPTUYEeCKOTO JIe4YeHU

KnioueBble cnoBa: HWKHSAS 4eJIOCTh; MUHepasibHasl IJIOTHOCTb KOCTH; MopdoMeTpUuecKHe IOKa3aTesH;
aJIbBEOJIAPHBIA OTPOCTOK; pereHepanysa KOCTHOM TKaHU
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