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ABSTRACT

Introduction: Systemic osteoporosis is a disease of the skeletal system that

occurs as a result of a slow and imperceptible loss of calcium that leads to

a decrease in bone mineral density.

According to the World Health Organization (WHQO), osteoporosis is the

fourth most common disease after diseases of the cardiovascular system,

oncology and endocrine diseases.

Despite its widespread prevalence, the biomechanical impact on the

alveolar bone in the jaws and oral health has not been sufficiently studied.

The aim of the study was to evaluate dental health status, mineral

metabolism and bone density in patients with systemic osteoporosis.

Materials and Methods: A total of 87 patients aged 45-65 years were

examined. Among them, 59 individuals had confirmed osteoporosis of

varying severity, while 28 participants had no signs of bone pathology

and served as a control group. Patients were categorized into three

groups:

e Group 1 (n = 38) females with compromised bone mineral density
(BMD);

e Group 2 (n = 21) males with BMD impairment;

e Group 3 (n = 28) — included participants of either sex without BMD
abnormalities

Patients of all groups were examined using clinical, radiological, and

instrumental methods.

Results: The results showed the undeniable biomechanical impact of

systemic osteoporosis on the bone tissue of the alveolar processes of the

jaws, as well as a deep comorbid relationship between osteoporosis and

periodontal diseases.
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Introduction

Systemic osteoporosis is a common metabolic disease that
affects bone tissue, leading to a gradual decrease in its
mineral density and disruption of its internal structure'.2,

The World Health Organization reports that osteoporosis
impacts over 200 million individuals globally, primarily
affecting older adults and postmenopausal women3:4:5.6,
Osteoporosis is the fourth most common disease in the
world after diseases of the cardiovascular system,
oncology, and endocrine diseases.

Osteoporosis occurs as a result of a slow and
imperceptible loss of calcium with a decrease in the
volume and strength of bone.

Women who have had more than three pregnancies and
childbirths as well as those who have breastfed three
children for a long time are more prone to osteoporosis.

Thin women are more likely to develop osteoporosis than
overweight women because the fat cells convert the
hormone produced by adrenal glands into estrogens in
the body, lowering osteoporosis at risk7.8:349,10,11,12,13,5,

Epidemiological studies have shown that there is no race,
ethnicity, or country that is immune to osteoporosis’415.13,

According to the classification,3.5 primary and secondary
types of osteoporosis are distinguished. Primary
osteoporosis includes postmenopausal and senile
osteoporosis, which accounts for approximately 85% of
all cases. Secondary osteoporosis included bone
pathologies associated with other diseases (rheumatism,
thyrotoxicosis etc.), as well as medication use
(glucocorticoids, thyroid hormones, etc)

The bone tissue of the jaws is not much different in
structure and chemical composition from other bones of
the skeleton. However, in the alveolar bone, the processes
of internal restructuring occur more actively than in other
bones of the human body.

Normally the height of the alveolar ridge is maintained
by a physiological balance of bone formation and
resorption, which are regulated not only by systemic
factors but also by local ones.

In accordance with the change in functional load on the
jaws, remodeling modifies the structural anatomy of the
bone tissue and the loaded structures, strengthening them,
while in the absence of the load, the bone tissue is
resorbed. (Wolff’'s law'é). Often systemic and local
regulatory mechanisms are opposed to each other.

In recent years, considerable attention has been paid to
clarifying the relationship between metabolic bone
diseases and changes in the bone tissue of the
jows17:181419 Systematic processes occurring in the human
body affect the state of the tissues of the jaws. However,
the relationship between osteoporosis and oral cavity
conditions remains a matter of debate.

The role of osteoporosis in the reduction of jawbone
volume, pathogenesis of periodontal diseases, tooth loss,
and other changes is still unclear 2.

The aim of our study is to establish the relationship
between systemic osteoporosis and jaw bone tissue and
the impact of this disease on oral health.

The main method for determining bone mineral density
(BMD) is dual-energy X-ray absorptiometry (DXA) 205,

As the International Society for Clinical Densitometry
(ISCD) recommends, osteoporosis is diagnosed using the
T-score in the form of standard deviations (SD) from the
norm:

* From +1 to—1 SD — norm

* From -1 to -2,5 SD — osteopenia

* Less than -2,5 SD — osteoporosis.

Which is the main source of diagnostic information that
allows one to access the condition of bone tissue and the
degree of its mineralization.

Spiral computed tomography (SCT) can be used to set the
degree of density of bone tissue according to the C.E.
Misch classification.

C.E. Misch classification (1999):

* D1 - Thick, dense, compact bone with a radiological
value of density > 1250 Hounsfield Units (HU).

* D2 - thick cortical layer of varying density with a
small-cell spongy bone layer. (850-1250 HU) low
density.

* D3 - thin, V cortical bone layer with a bid — cell
spongy bone layer (350-850 HU).

* D4 — indistinct layer of cortical bone, predominantly
coarse spongy bone (150-350 HU).

To determine the density of tissue in a local area of the
bone, an ultrasound densitometry is also used. The
advantages of this method are simplicity, the absence of
X-ray impact, and the possibility of application on
toothless areas of the jaws.

The study involves measuring the speed of sound (SOS)
as an ultrasound wave passes along the bone. This speed
depends on the density, elasticity, and structure of the
bone tissue and the thickness of the cortical layer and is
therefore an important parameter for determining bone
strength.

Laboratory methods help to assess the balance of bone
metabolism: activity of bone resorption (tartrate-resistant
acid phosphatase) and bone remodeling (alkaline
phosphatase)markers, as well as serum calcium and
phosphorus levels and urinary hydroxyproline presence.

Clinical studies include the determination of the caries
intensity index ( Decayed, Filled, Missing Tooth) and the
Community Periodontal Index of Treatment Needs

(CPITN).

The CPITN index allows one to determine the prevalence
and intensity of periodontal tissue diseases, as well as to
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study the need for various types of therapeutic and
preventive care for patients with periodontal pathology.

The index criteria are as follows:
* 0 points — intact periodontium
* 1 point — bleeding gums
* 2 points — supra- and subgingival calculus,
periodontal pocket depth up to 3,5 mm.
* 3 points — periodontal pocket depth up to 5 mm.
* 4 points — periodontal pocket depth up to 6 mm.

Analysis of the obtained data will allow us to assess both
the severity of systemic osteoporosis and its impact on the
condition of the jawbone tissue and oral health.

Materials and Methods.

The study involved voluntary participation of patients
who visited a private dental clinic for dental implant
surgery. During preoperative preparation, their bone
tissue was assessed to determine the presence of
osteoporosis or osteopenia.

A total of 87 people aged 45-65 years were examined.
Radiographic, instrumental and laboratory methods were
used for the study.

The patients were assessed for bone resorption and
remodeling markers activity (tartrate-resistant acid
phosphatase (TRACP) and alkaline phosphatase (ALP)),
serum calcium and phosphorus levels, and urinary
hydroxyproline levels.

Dual-energy X-ray absorptiometry (DXA) was
performed to assess the condition of bone tissue and
diagnose systemic osteoporosis.

Among this group of patients, 59 individuals had
confirmed osteoporosis of varying severity, while 28
participants had no signs of bone pathology and served
as controls. Patients were categorized info three groups:
Group 1 (n=38) — females with compromised BMD;
Group 2(n=21) — males with BMD impairment; Group
3(n=28) — both sexes without BMD abnormalities, as can
be seen in Table 1.

Table 1 Distribution of patients based on the presence of bone tissue pathology

Total number of Bone pathology based on T- No systemic bone
SEX patients score pathology
N<(-2,5SD)
54 38 16
FEMALE 62,07% 70,37% 29,63%
33 21 12
MALE 37,93% 63,64% 36,36%
87 59 28
TOTAL 100% 67,82% 32,18%

These 87 patients underwent thorough examination of the
oral cavity, in particular the condition of the teeth and
periodontium.

The decayed, missing, and filled teeth index (DMFT) was
used to assess the oral health status of patients in
different study groups.

Then the Community Periodontal Index of Treatment
Needs — (CPITN) was determined in all participants for
evaluation of periodontal tissue diseases.

The structure and thickness of the mucous membrane, its
color, and the presence of pathologic changes were also
assessed.

To determine the type of bone tissue according to the C.E.
Misch Classification and to assess the severity of
osteoporosis, an additional X-ray examination was
performed using a spiral computed tomography (SCT).
Ultrasound densitometry was performed to assess the
condition of the mandibular bone tissue.

Results.

As a result of the conducted studies, it was found that the
average intensity of caries in women of the first group
was 1,2 times higher than in men of the second group (p
> 0,05) and 1,6 times higher than in people without BMD
disorders in the third group (p1 > 0,05). (caries intensity
was defined as the total number of teeth affected by
caries, filled and extracted in 1 patient), as can be seen
in Figure 1.
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Figure 1. Composition of the DMFT index in patients of the study groups

It is noteworthy that the average number of extracted
teeth per person in patients of the second and third
groups does not differ much (7,2 0,91 and 6,3 + 0,87,
respectively p1>0,05), while the number of extracted
teeth in patients of the first group (women with
osteoporosis) was 1,6 times and 1,9 times higher than in
patients of the second and third groups, respectively
(P/p1<0,01).

Therefore, based on the data from this study, it can be
assumed that women with osteoporosis are more likely to
have more severe dental caries since this more often
leads to tooth extraction.

A clinical examination of patients in all study groups
revealed that in patients with impaired bone mineral
density, the DMFT and CPITN indexes differ significantly
from those in patients without osteoporosis. Such patients
exhibited a higher intensity of caries and a worse
condition of periodontal tissues.

As can be seen in Table 2, the periodontal tissues are
most affected in patients with osteoporosis in the first and
the second study groups, while the CPITN values in the
control group were significantly lower.

Table 2. Average CPITN indicators per one examined patient in the study groups.

Code Study groups

CPITN Group 1,n=38 Group 2, n=21 Group 3,n=28
0 = No inflammation 0,52+0,10 0,43+0,08 2,32+0,460,*
1 = Gingival bleeding 1,46+0,29 1,83+0,36 0,95+0,19%*
2 — supra- and subgingival calculus | 2,48+0,49 2,52+0,50 0,23+0,04e,*
3 ~ Periodontal pocket 0,56+0,11 0,93+0,18 0,25+0,0500*
4_5 MM r —™ 4 —™ 4 —~ ..l
4 — Periodontal pocket _ _ _

6 MM i binblie

Total 5,02+0,25 5,71+0,28 3,7510,19¢ *
Note:

*p<0,01; ee p<0,05 — significant difference compared to Group 1;

*p<0,01; ** p<0,05 — significant difference compared to Group 2.
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Table 3. Quantitative distribution of patients by bone tissue type (C.E. Misch classification, 1999)

Study groups Bone tissue type
D1 D2 D3 D4
n Y% Y% n % n %
Group 1,n=38 | 2 5,26+ 23,68+ |14 36,84+ |13 34,20+
12,40 16,89 17,82 17,69
Group 2,n=21 | 6 28,57+ 33,33t |4 19,05+ |4 19,05+
19,8500 +10,28 +8,56 +8,56
Group 3,n=28 | 15 53,57+ 28,57+ |5 17,86+ |- -
19,420 18,53 +7,23
Note: ep<0,01; ®® p<0,05 — significant difference compared to Group 1.

In most patients of group 1 (women with systemic
osteoporosis) the bone type D3 was determined in
36,84+7,82% of the examined and in 34,2 + 7,69% of
women bone type DA4. It should be noted that an average
BMD in men with systemic osteoporosis of group 2 was

Figure 2 illustrates this point clearly.
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higher than in women of group 1, but significantly lower
than in patients in the control group. Bone tissue of Type
D3 and D4 was determined equally 19,05 *+ 8,56%,
respectively in the second study group.
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19,05 17.86
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D4

Figure 2. Differences in bone tissue types in different study groups.

Radiological studies (DXA densitometry and spiral CT)
showed that in the presence of bone pathology in the
peripheral skeleton, the bone structures of the jaws are
also subject to deformation. In patients with osteoporosis
(especially in women in the group 1) soft spongy bone of
types D3 and D4 is predominant in the jawbone tissue.

Ultrasound densitometry showed a decrease in the speed

of sound waves passing through the mandibular bone in
patients with low bone density.

The results revealed that in women with systemic
osteoporosis of group 2, SOS through the bone structure
was 1,3 times lower than in individuals of group 3
(without osteoporosis), p<0,01.
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Figure 3. Ultrasound densitometry indications of the lower jaw in patients of the study groups.

It should be noted that when the results of the ultrasound
densitometric  study were analyzed, significant
differences in the indicators were found among the
groups of subjects examined.

The variation in indicators was probably due to the
presence of various defects in the dentition, depending
on the number of missing teeth, which led to a decrease
in the degree of mineralization and SOS transmission
through the bone structure21.22,:23,24,25,

Laboratory test results showed that bone remodeling
markers were most imbalanced in osteoporotic females
(Group 1) and to a lesser extent in males (Group 2),
relative to healthy controls. In women with osteoporosis,
serum calcium increased by 22,48%/ phosphorus by
37,77%, TRACP activity by 11,19%, and urinary
hydroxyproline by 31,75 %, whereas ALP activity
decreased threefold, p, p1<0,01

Thus, metabolic disorders in systemic osteoporosis
negatively affect the structures of the oral cavity, which
is confirmed by the worse condition of the teeth, alveolar
bone tissue and periodontium.

Discussion.

Taking into account all of the above, it should be noted
that there is a tendency for systemic osteoporotic
influence on both the mechanical strength of jawbone
tissue and biological processes in the periodontium.

As we can see from the data obtained, the number of
missing teeth in patients with osteoporosis is significantly
higher than in patients in the control group. This, of course,
does not indicate a direct relationship between systemic
osteoporosis and tooth loss, but allow us to assume that in
patients with impaired BMD, complicated caries and
periodontitis are prevalent, which leads to teeth
extraction as the only treatment option.

As indicated by Naik, A. et al.2¢, there is a relationship
between systemic osteoporosis, decreased bone mass of
the jaws and tooth loss. There is evidence that treatment
aimed at increasing bone mineral density helps preserve
teeth and slows down the loss of alveolar bone.27:10

But such treatment must ensure the normalization of the
balance of bone metabolismé so that normal healing of
bone tissue occurs after surgical operations in the oral
cavity (tooth extraction, dental implantation, etc.).

Despite the mechanical load that the jaw bone receives
and its compensatory possibilities, metabolic processes
inside it are not much different from those inside the
bones of the peripheral skeleton.

Although some patients with osteoporosis showed some
compensatory increase in bone volume (Wolff's law9), in
most cases, a stable correlation has been established
between a decrease in the mineral density of peripheral
bones and a disruption in the structure of the jawbone
tissue.

Although Zeng W.et al?8 claim, that there is no correlation
between systemic osteoporosis and densitometric
parameters at mandibular bone quality, our research
confirms that osteoporosis affects the bone tissue of all
bones in the human body. As can be seen from the results
of X-ray and instrumental studies, a direct relationship is
determined between the general condition of bone tissue
and local manifestations in the oral cavity in patients of
all study groups.

However, some scientists 2829 think that osteoporosis does
not have a direct impact on periodontal tissues, but just
has some common risk factors (smoking, old age,
postmenopausal period), but our research clearly showed
that osteoporotic changes likely affect the course and
intensity of periodontal tissue diseases30.31,

© 2026 European Society of Medicine 6



Indeed, it cannot be denied that many possible factors
influence both the development of osteoporosis and
periodontal diseases, so it sometimes difficult to establish
a direct correlation between decreased BMD, tooth loss,
reduction in alveolar bone volume, periodontitis.

Thus, there is no consensus regarding the role of
osteoporosis in changes in jawbone tissue and some
authors28:29 state that the relationship between systemic
osteoporosis and alveolar bone is questionable, but the
results of our research allow us to disagree with this
statement.

© 2026 European Society of Medicine

Conclusion.

It can be concluded that the biomechanical impact of
systemic osteoporosis is an obvious fact, as well as the
comorbid relationship between osteoporosis and
periodontal diseases. It requires timely, individualized,
gender-specific osteotropic therapy. The absence of such
treatment can lead to irreversible changes in the jawbone
tissue and to their inability to perform a supporting
function for both teeth and dental implants.
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