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With the purpose to investigate the radio-densitometric characteristics of the mandible in patients with chronic kidney
disease and chronic generalized periodontitis in total 110 patients were involved. The subjects were submitted to dual-energy X-
ray absorptiometry. The vertical density values also showed considerable variation, ranging from 94.3 to 123 arbitrary units. The
bone density along the alveolar horizontal line (toward the focus of destruction) was 71.6+5.12 arbitrary units, while along the
middle horizontal line, they ranged from 72 to 103.8 arbitrary units. In patients with mix form of destruction showed that in patient
with mild chronic generalized periodontitis alveolar horizontal measurement was 83.5+3.54 arbitrary units, in those with moderate
chronic generalized periodontitis — 71.6+2.55 arbitrary units. Vertical measurement results ranged from 39.1 to 117.3 arbitrary
units. Thus, patients with chronic kidney disease and chronic generalized periodontitis exhibit significant alterations in alveolar
bone mineral density, which correlate with the severity of periodontal destruction.
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3MIHU AJIbBEOJIAPHOI KICTKHA HA PAHHIX CTAJISAX XPOHIYHOI'O
3AXBOPIOBAHHS HUPOK I3 XPOHIYHUM I'EHEPAJII3OBAHUM INEPIOJOHTUTOM

3 METOI0 I0CTiKSHHSI ICHCUTOMETPUYHHUX XapaKTePHUCTHK HUXKHBOT IIEJICTTH Y MALIEHTIB i3 XpPOHIYHOI0 XBOPOOOIO HUPOK
Ta XPOHIYHUM I'€HEepasi30BaHUM IepiogoHTUTOM, Oyino obctexeno 110 marientis. [TanieHTam Oya0 MPOBEACHO IBOCHEPTETUUHY
PEHTTECHIBCbKY JICHCUTOMETpif0. BepTukasibHi 3HAYSHHS IIITBHOCTI MOKa3ajiyd 3HAauHy Bapiallilo, KoiuBaroduch Bix 94,3 mo 123
YMOBHHX OAWHUIG. LI[IMBHICTH KICTKH B3IOBX aJIbBEONSIPHOI TOPH30HTANIBHOI MiHIi (Y HAmpsMKy BOTHHIIA pPyWHYBaHHS)
cranoBmia 71,6+5,12 yMOBHUX OAWHHI, a B3IOBXK CEPEAHBOI TOPU3OHTANBHOI JdiHIl — Big 72 go 103,8 yMOBHUX ogMHULB. Y
HanieHTiB 31 3Mimanoo Gopmoro pyifHyBaHHS OyJIO0 BHSBICHO, IO Y BHIAIKY 3JE€TKOI0 (JOPMOIO XPOHIYHOTO IreHepasi30BaHOTO
HEePiOIOHTUTY TOPU30HTANBHHI PO3MIp NbBEOJISIPHOTO IpebeHst cTanoBUB 83,5+3,54 yMOBHUX OIMHUIb, Y HALIEHTIB i3 TOMIPHOIO
(hOpMOIO XpOHIYHOTO reHepasi30BaHOro MepiofoHTHTY — 71,6£2,55 yMOBHUX OIMHHIIb. Pe3yisTaTi BepTHKaIbHOIO BUMIPIOBaHHS
BapitoBasiucs Bix 39,1 no 117,3 ymoBHMX ofuHUIE. TakuM 4MHOM, y MAI[i€HTIB i3 XPOHIYHOIO XBOPOOOIO HUPOK Ta XPOHIYHUM
reHepaji30BaHUM IEPiOJOHTHTOM CIHOCTEPIraloThCsl 3HAYHI 3MiHM MiHEPaJIbHOT IIIIBHOCTI aJbBEOJSIPHOI KICTKH, SIKi KOPEIIOIOTh
i3 TSOKKICTIO IEPi0JOHTAIBHOTO PYifHYBaHHSI.

KurouoBi cjioBa: XxpoHiuHa XBopoOa HUPOK, XPOHIUYHUIA T'eHepalli30BaHUI MEPiOTOHTHUT, OCTEOIIOPO3.
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Chronic kidney disease (CKD) is a global alterations, which can compromise oral health,
health problem, characterized by the progressive mastication, and overall quality of life [9].
loss of renal function over time, often leading to Periodontal  disease, especially  chronic
end-stage renal disease (ESRD) and associated generalized periodontitis (CGP), is prevalent in
systemic complications. The prevalence of CKD patients with CKD [7]. The pathophysiological link
is rising worldwide, currently affecting an between CKD and periodontitis is multifactorial [1,
estimated 9.1 % of the global population [10]. 5]. CKD induces systemic inflammation, altered
Among these complications, mineral and bone immune responses, and disturbances in calcium-
disorders are particularly significant, affecting phosphate metabolism, all of which can exacerbate
bone metabolism and leading to structural changes periodontal tissue destruction [8]. Additionally, poor
in the skeletal system. Chronic kidney disease- oral hygiene, xerostomia, and uremic toxins further
mineral and bone disorder (CKD-MBD) is one of increase susceptibility to periodontitis in these
the most common complications in patients with patients. Studies have shown that CKD patients with
CKD [4]. Jaw bones affected with CKD-MBD can periodontitis often present with increased alveolar
have important clinical implications for the bone loss, deeper periodontal pockets, and higher
survival and osseointegration of dental implants, rates of tooth mobility compared to individuals
success of bone regeneration therapy, and without renal impairment [2].
increased risk of bone loss in patients with Radiographic assessment is essential for
periodontitis or risk of bone fracture [3]. The evaluating bone density and structural integrity of the
alveolar bone, is highly susceptible to these alveolar bone in this population. Conventional
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panoramic  radiography  provides  qualitative
information, but it lacks precision in quantifying
bone density [6]. Dual-energy X-ray absorptiometry
(DXA), a non-invasive imaging technique, allows for
objective measurement of bone mineral density
(BMD) in specific regions of the mandible, such as
the alveolar ridge and mandibular body [9]. This
technique has been used to detect early osteopenic
changes, assess the severity of periodontal bone loss,
and monitor the effects of systemic conditions on
mandibular bone structure.

Given the high prevalence of both CKD and
chronic generalized periodontitis, understanding the
impact of renal impairment on alveolar bone density
is clinically relevant. Radio-densitometric evaluation
of the mandible may provide valuable insight into
early bone changes, guide periodontal treatment
planning, and potentially serve as a marker for
systemic bone involvement in CKD. Despite its
clinical significance, limited studies have
systematically investigated the radio-densitometric
characteristics of the mandible in CKD patients with
CGP, highlighting the need for further research in
this area.

The purpose of the study was to investigate the
radio-densitometric characteristics of the mandible in
patients with chronic kidney disease and chronic
generalized periodontitis.

Materials and methods. The study was
conducted between January 2024 and July 2025. A
total of 179 patients diagnosed with early-stage
chronic kidney disease (CKD) and receiving
treatment at the Educational-Therapeutic Clinic of
the Azerbaijan Medical University were enrolled in
the study. Only individuals in stages 1 and 2 of
CKD, whose diagnosis was confirmed by a
nephrologist in accordance with the KDIGO 2024
protocol, were included. Individuals under 25 years
of age, over 65 years of age, those with a glomerular
filtration rate (GFR) below 60 ml/min/1.73 m?, or
with other somatic diseases were excluded from the
study. Dental examinations were performed on all
179 patients, and based on the findings, 110 patients
were diagnosed with chronic  generalized
periodontitis (CGP). The diagnostic protocol
included assessment of clinical attachment loss
(CAL), probing pocket depth (PPD), bleeding on
probing (BOP), and evaluation of radiographic bone
loss. Periodontitis was defined in accordance with
generally accepted clinical criteria, including the
presence of interdental CAL at >2 non-adjacent
teeth and/or buccal/oral CAL >3 mm with pocketing
>3 mm at >2 teeth, after excluding non-
periodontitis-related causes. The extent and severity
of the disease were determined based on the
distribution of affected sites and the magnitude of
attachment loss.
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After application of the inclusion and exclusion
criteria, 110 patients were recruited for this study. To
evaluate the bone mineral density in different regions
of the alveolar process and the body of the jaws,
radio-densitometric analysis was performed in 110
patients with chronic generalized periodontitis,
including 48 patients with a mild form, 40 with a
moderate form, and 22 with a severe form of the
disease. The subjects were submitted to DXA
performed by a Lunar 2003 X-ray bone densitometer
(GE HealthCare's Lunar iDXA, General Electrics,
USA).

Statistical analysis was performed using IBM
SPSS Statistics (version XX.0; IBM Corp., Armonk,
NY, USA). Quantitative variables were tested for
normality using the Shapiro-Wilk test. Descriptive
statistics were presented as mean =+ standard
deviation (SD) for normally distributed data and as
median (interquartile range) for non-normally
distributed variables. Comparisons between groups
(mild vs. moderate chronic generalized periodontitis)
were conducted using the independent-samples t-test
for normally distributed variables and the Mann—
Whitney U test for nonparametric data. For
comparisons involving more than two subgroups or
measurement levels (e.g., alveolar vs. middle
horizontal lines, vertical measurements), one-way
analysis of variance (ANOVA) with post hoc Tukey
test or the Kruskal-Wallis test was applied, as
appropriate. Correlation between bone mineral
density parameters and the severity of periodontal
destruction was assessed using Pearson’s correlation
coefficient (for normally distributed data) or
Spearman’s rank correlation coefficient (for non-
normal distributions). A p-value of <0.05 was
considered statistically significant.

The study was conducted in accordance with
the fundamental principles of biomedical ethics and
international standards for research involving
human subjects. The authors adhered to the
provisions of the Declaration of Helsinki of the
World Medical Association (2013 revision) and the
International Ethical Guidelines for Biomedical
Research Involving Human Subjects developed by
the Council for International Organizations of
Medical Sciences (CIOMS). All procedures were
non-invasive and performed within the framework
of routine clinical and diagnostic practice. The study
design ensured minimal risk to participants and did
not involve any interventions beyond standard
medical care. Participation in the study was
voluntary. All subjects were informed about the
purpose and nature of the study prior to inclusion.
Informed consent was obtained from each
participant in written form. Confidentiality and
anonymity of patient data were strictly maintained
throughout all stages of the study.
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Results of the study and their discussion. As
mentioned above, a comprehensive radiological
assessment was performed to evaluate the extent and
pattern of alveolar bone changes in patients with chronic
kidney disease and chronic generalized periodontitis.
Particular attention was given to the condition of the
cortical plate, the degree of bone loss, and the structural
characteristics of the trabecular bone.

The analysis of radiological changes in patients
with mild CGP revealed a complete absence of the
cortical plate and bone loss of the alveolar process
reaching one-third of the root length; the pattern of
bone resorption was uneven. The analysis of the
trabecular bone in the regions of different teeth
revealed that horizontal bone resorption was
observed in all 110 CKD patients (Table 1).

Table 1

Radio-densitometric parameters of the Alveolar Process Bone Mineral Density in CKD patients with
horizontal destruction

Parameters CKD+CGP (mild) CKD+CGP (moderate) CKD+CGP (severe)
Alveolar horizontal measurement 118.1+4.08 96.2+5.63 -
(M£SD)
Middle horizontal measurement 134.3+£8.07 129.4+5.9 54.1+3.73
(M£SD)
Vertical measurement 106.2+5.59 86.1+6.04 61.8+£5.27
(M£SD)

The bone mineral density (BMD) values along
the alveolar horizontal line ranged from 104.15 to
123.6 arbitrary units. The lowest density values were
recorded in the central part of the alveolar horizontal
line. BMD values along the middle horizontal line
ranged from 120.5 to 156.0 arbitrary units.
Vertically, in the interdental bone septa, the density
distribution was ranged from 92.0 to 115.0 arbitrary
units. In the examined cases, bone density increased
progressively toward the apical base of the jaws.
Mandibular bone tissue density was lower than
predicted values in one or more regions of the
dentoalveolar system. Densitometric histogram
analysis allowed the evaluation of bone structures
with varying optical densities, potentially indicating
localized or generalized pathological processes, such
as early-stage periodontal disease.

Orthopantomograms and radiographs of
patients demonstrated radiolucency at the apices of
the coronal portions of interdental alveolar septa,

suggesting the onset of osteoporosis, along with
reduced differentiation of bone elements in regions
adjacent to periodontal tissues. This manifested as
localized or generalized decreased radiopacity,
accompanied by blurring of trabecular boundaries
and spaces. The primary radiographic feature in
patients with mild periodontitis was osteoporosis of
the interdental septa apices, observed in 42.3 % of
cases, most frequently combined with early or stage
I reduction in septal height by one-third of the root
length.

Vertical destruction was detected in 21 patients
with mild CGP. The bone mineral density (BMD)
values were lowest along the alveolar horizontal line,
with minimal variation. BMD values along the
middle horizontal line were slightly higher; however,
there was a wide range of density results, from 104 to
135 arbitrary units. The vertical density values also
showed considerable variation, ranging from 94.3 to
123 arbitrary units (Table 2).

Table 2
Radio-densitometric parameters of the Alveolar Process Bone Mineral Density in CKD patients with vertical
destruction
Parameters CKD+CGP (mild) CKD+CGP (moderate) [ CKD+CGP (severe)

Alveolar horizontal measurement 71.6+5.12 57.3£3.91 -

(M+SD)

Middle horizontal measurement 121.2+6.26 89.7+5.07 45.4+2.39

(M=SD)

Vertical measurement 110.5+£5.37 73.3+6.17 61.4+£2.90

(M+SD)

In patients with moderate chronic generalized
periodontitis, a complete absence of the cortical plate
was observed in the region of all teeth, along with
bone tissue loss of the alveolar process amounting to
one-third of the root length. Horizontal bone
destruction was detected in all patients. The bone
density along the alveolar horizontal line (toward the
focus of destruction) was 71.6+5.12 arbitrary units,
while along the middle horizontal line, they ranged
from 72 to 103.8 arbitrary units. The lowest bone
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mineral density values were recorded in areas
adjacent to the focus of bone destruction. In patients
with severe CGP, bone loss of the alveolar process
extended to two-thirds of the root length, and the
uneven nature of this resorption was distinctly
pronounced.

In cases of mixed-type bone destruction,
identified in 18 patients with mild CGP, BMD values
across all regions of interest were the lowest;
however, the variability of these values was minimal.
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Radio-densitometric parameters of the Alveolar
Process Bone Mineral Density in CKD patients with
mix form of destruction showed that in patient with
mild chronic generalized periodontitis alveolar
horizontal measurement was 83.54+3.54 arbitrary
units, in those with moderate chronic generalized
periodontitis — 71.6£2.55 arbitrary units. The middle
horizontal measurement showed 121.4+4.95 in mild
form, 97.3+4.85 — in moderate form and 38.6+3.38
arbitrary units in severe form. Vertical measurement
results were as follows: 117.3£5.51 for mild,
108.5+4.02 for moderate and 39.1+2.91 arbitrary
units for severe forms.

In patients with severe CGP, bone resorption
of the alveolar process reached two-thirds of the
root length, with a distinctly uneven pattern of bone
loss. Horizontal bone destruction was present in all
patients, and BMD values along both the middle
horizontal and vertical lines were markedly lower
than those in patients with mild or moderate CGP,
although wvariability between measurements was
minimal. Vertical bone destruction was identified in
15 patients, with BMD along the middle horizontal
line varying widely from 41.3 to 49.8 arbitrary
units, while vertical density variation remained
minimal. Mixed-type bone destruction was found in
9 patients, characterized by the lowest overall BMD
values across all regions of interest and minimal
variation.

Overall, the data indicate that as the severity of
chronic generalized periodontitis increases in
patients with chronic kidney disease, there is a
progressive decline in mandibular bone mineral
density, accompanied by a shift from localized to
generalized bone destruction pattern.

The findings of this study demonstrate that
patients with chronic kidney disease and chronic
generalized  periodontitis  exhibit  significant
alterations in alveolar bone mineral density, which
correlate with the severity of periodontal
destruction. Radio-densitometric analysis revealed
a progressive decline in BMD values from mild to

Conclusions

severe forms of CGP, accompanied by increased
bone resorption and loss of cortical integrity. The
transition from localized to generalized patterns of
bone destruction suggests that systemic factors
related to CKD — such as disturbances in calcium-
phosphate metabolism, secondary
hyperparathyroidism, and chronic inflammation —
exacerbate alveolar bone loss.

These results highlight the interrelationship
between renal dysfunction and periodontal
pathology, emphasizing the importance of early
diagnosis and monitoring of alveolar bone changes in
CKD patients.

Hickey N, et al. (2020) also noted a link
between chronic kidney disease and chronic
periodontitis, which share common risk factors and
both are a source of systemic inflammation, as well
as a wide range of immunological and nonspecific
effects that can affect the body throughout life. The
authors analyzed previous studies examining the
directionality of the relationship between these two
diseases. However, they emphasized that there is
insufficient data on how these diseases may interact
at the local and systemic levels, emphasizing the
relevance of research in this area [2].

Radio-densitometric evaluation, particularly
using DXA, provides a valuable, non-invasive
method for detecting early osteopenic changes and
assessing bone metabolism disturbances in the
maxillofacial region. Integrating dental and
nephrological care may contribute to better
management of CKD-MBD manifestations, improve
periodontal outcomes, and enhance the overall
quality of life in this patient population.

Limitations. This study has several limitations,
including a relatively limited sample size and its
cross-sectional design, which restricts the ability to
establish causal relationships. In addition, the use of
radio-densitometric measurements in arbitrary units
and the absence of long-term follow-up may affect
the generalizability and dynamic interpretation of the
results.

1.The vertical density values also showed considerable variation, ranging from 94.3 to 123 arbitrary units.
2. Horizontal bone destruction was detected in all patients. The bone density along the alveolar horizontal
line (toward the focus of destruction) was 71.6+5.12 arbitrary units, while along the middle horizontal line, they

ranged from 72 to 103.8 arbitrary units.

3. In patients with mix form of destruction showed that in patient with mild chronic generalized
periodontitis alveolar horizontal measurement was 83.5+3.54 arbitrary units, in those with moderate chronic
generalized periodontitis — 71.6+2.55 arbitrary units. Vertical measurement results ranged from 39.1 to 117.3

arbitrary units.

Prospects for further research. Further large-scale, longitudinal studies are needed to clarify the pathophysiological
mechanisms linking CKD and periodontal bone loss and to establish radio-densitometric parameters as potential diagnostic and

prognostic markers for systemic bone involvement in CKD.

References

1. Chapple ILC, Hirschfeld J, Cockwell P, Dietrich T, Sharma P. Interplay between periodontitis and chronic kidney disease. Nat
Rev Nephrol. 2025 Apr;21(4):226-240. doi: 10.1038/s41581-024-00910-5.



ISSN 2079-8334. Céim meouyunu ma odionozii. 2026. Ne 1 (95)

2. Hickey N, Shalamanova L, Whitehead K, Dempsey-Hibbert N, van der Gast C, Taylor R. Exploring the putative interactions
between chronic kidney disease and chronic periodontitis. Critical Reviews in Microbiology. 2020; 46.
10.1080/1040841X.2020.1724872.

3. Kanjevac T, Bijelic B, Brajkovic D, Vasovic M, Stolic R. Impact of Chronic Kidney Disease Mineral and Bone Disorder on
Jaw and Alveolar Bone Metabolism: A Narrative Review. Oral Health Prev Dent. 2018;16(1):79-85. doi: 10.3290/j.0hpd.a39858.
4. Levey AS, Eckardt KU, Dorman NM, Christiansen SL, Hoorn EJ, Ingelfinger JR, et al. Nomenclature for kidney function and
disease: report of a Kidney Disease: Improving Global Outcomes (KDIGO) Consensus Conference. Kidney Int. 2020
Jun;97(6):1117-1129. doi: 10.1016/j.kint.2020.02.010.

5. Martinez Nieto M, De Leon Rodriguez ML, Anaya Macias RDC, Lomeli Martinez SM. Periodontitis and chronic kidney disease:
A bidirectional relationship based on inflammation and oxidative stress. World J Clin Cases. 2024 Dec 16;12(35):6775-6781.
doi: 10.12998/wjcc.v12.i35.6775.

6. Putra RH, Cooray U, Nurrachman AS, Yoda N, Judge R, Putri DK, et al. Radiographic alveolar bone assessment in correlation
with primary implant stability: A systematic review and meta-analysis. Clinical oral implants research. 2024; 35 (1): 1-20.
doi:10.1111/clr.14195.

7. Schiitz JDS, de Azambuja CB, Cunha GR, Cavagni J, Rosing CK, Haas AN, et al. Association between severe periodontitis and
chronic kidney disease severity in predialytic patients: A cross-sectional study. Oral Dis. 2020 Mar;26(2):447-456.
doi: 10.1111/0di.13236.

8. Sharma P, Fenton A, Dias IHK, Heaton B, Brown CLR, Sidhu A, et al. Oxidative stress links periodontal inflammation and
renal function. J Clin Periodontol. 2021 Mar;48(3):357-367. doi: 10.1111/jcpe.13414.

9. Sun K, Shen H, Liu Y, Deng H, Chen H, Song Z. Assessment of Alveolar Bone and Periodontal Status in Peritoneal Dialysis
Patients. Front Physiol. 2021 Dec 13;12:759056. doi: 10.3389/fphys.2021.759056.

10. Vanholder R, Annemans L, Bello AK, Bikbov B, Gallego D, Gansevoort RT, et al. Fighting the unbearable lightness of
neglecting kidney health: the decade of the kidney. Clin Kidney J. 2021 Apr 20;14(7):1719-1730. doi: 10.1093/ckj/sfab070.

Conflict of interest. The authors have no conflicts of interest to declare.

ORCID: Yusubova Sh.R. https://orcid.org/0000-0001-8144-4559, Aliyeva E.R. https://orcid.org/0009-0008-2359-379X,
Mammadova Sh.A. https://orcid.org/000000040465321X, Arkhmammadova G.M. https://orcid.org/0009-0001-9141-8933,
Bayramov G.R. https://orcid.org/0009-0007-7390-0367, Hasanova V.A. https://orcid.org/0009-0000-0287-0710.

Article received: 10.03.2025.

169



