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THE STATE OF BONE METABOLISM
IN PATIENTS WITH GENERALIZED
PERIODONTITIS IN DIABETIC
OSTEOPATHY

Diagnosis of the state of bone metabolism in patients with
generalized periodontitis burdened with type 2 diabetes is
animportant step in the complex of treatment and prevention
measures for this pathology. The purpose of the study
was to create evidence-diagnostic criteria for assessing
and predicting the severity of the course of generalized
periodontitis in diabetic osteopathy based on the study
of the variability of bone remodeling. Research material
and methods. In order to select homogeneous groups, a
clinical and radiological examination of 166 patients with
generalized periodontitis, associated and not associated
with type 2 diabetes, was conducted. The age of the patients
was in the range of 30-50 years (on average 42.5+-
2.34 years). Among them there were 99 (59.6 %) women
and 67 (40.4 %) men. The degree of severity of generalized
periodontitis was verified according to generally accepted
clinical and radiological criteria outlined in modern
and domestic classifications: 76 (45.8 %) patients had
chronic generalized periodontitis and 90 (54.2 %) had
chronic rapidly progressive periodontitis. The control
group consisted of 19 almost healthy voluntary donors of
similar age (on average 41.5+-2.7 years) and sex without
endocrine pathology, with healthy periodontium and intact
teeth. Research results and their discussion. Evaluation
of the Hounsfield index and markers of bone metabolism in
different groups of patients with generalized periodontitis
in type 2 diabetes with average statistical analysis
showed that they are directly correlated with the severity
and the course of generalized periodontitis, the stage of
compensation, the severity and duration of diabetes.

Conclusions. The peculiarity of the clinical course of
generalized periodontitis in type 2 diabetes mellitus,
burdened by diabetic osteoporosis, is caused and
manifested by a decrease in the bone structures of the
periodontium in the processes of osteosynthesis and an
increase in the intensity of bone resorption. A feature

of the manifestation of rapidly progressive and chronic
generalized periodontitis in diabetic osteopathy and
without systemic pathology is the increase, independent of
the clinical picture of the disease, of signs of osteoporosis
activation and a decrease in osteosynthesis. To verify
the activity of osteosynthesis and bone resorption in
periodontal tissues, the following have predictive value:
diagnosis of different directionality and intensity of bone
remodeling based on the levels of quantitative content in
blood serum of the levels of markers of bone metabolism.
Key words: periodontitis, periodontal pathology, rapidly
progressive generalized periodontitis, diabetes, markers
of bone metabolism.
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CTAH KICTKOBOI'O METABOJII3MY
Y XBOPUX HA TEHEPAJII3OBAHUN
HNAPOJOHTHUT IIPU JIABETUYHIN

OCTEOIIATII

Miaenocmuxa cmany KiCmKo8o2o mMemadonizmy y Xeopux
Ha 2eHepaniz08anull napoOOHmMum, 0OMsHCEHO20 YYKpOo-
suM diabemom 2 muny € 8adCIUSUM emAanom y KOMIIEKCE
JIKYBANbHO-NPOGINAKMudHUX 3ax00i6 npu Oauit namono-
2ii. Mema oocniooicennsi. Cmeopensi 00Ka30680-0iacHOC-
MUYHUX Kpumepiie 01 OYiHKU | RPOSHO3YBAHHS MANCKO-
cmi nepebizy X6opodu 2eHepanizo8anozo napoOOHMUmMy
npu diabemuuHili ocmeonamii' H4 OCHO8I 8UBYEHH: 8api-
abervrocmi  Kicmkogoeo pemooeniosanns. Mamepian
i Mmemoou 0ocnidxycenHa. 3 memoro 8i000pPY OOHOPIOHUX
2pyn 6ylno npoeedeHo KIIHIKO-PeHM2eHON02IuHe O0Ci-
Ooicenns 166 xeopux Ha eenepanizo8anuii NApOOOHMUM,
ACOYIlOBAHUX MA He ACOYILIOBAHUX I3 YYKPOBUM diabemom
2 muny. Bix nayiecumis Oye y odianaszoni 6i0 30-50 poxie
(y cepeonvomy 42,5+-2,34 poxy). Cepeo nux 6yro 99
(59,6 %) ocinox i 67 (40,4 %) uonosixie. Cmynine msic-
KoCcmi 2enepanizosano2o napodonmumy 0y6 eepugiko-
6aHull 32I0HO 13 3A2ANbHONPULIHAMUMY KIIHIKO-peHmee-
HONOTYHUMU KPUMEPIAMU, BUKIAOCHUMU 8 CYYACHUX Md
simuusHsHUX Kkaiacugixayisx: y 76 (45,8 %) xeopux euse-
JleHUll XpOHiuHUll 2eHepanizosanuti napodonmum ma y 90
(54,2 %) xpoHiuHUIl WEUOKONPOSPECYIOUULL NAPOOOHMUN.
Koumponvuy epyny ckraoanu 19 matisxce 300posux 0oopo-
BIIbHUX OOHOPIB AHANO2IUHO20 BIKY (Y cepeonvomy 41,5+-
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2,7 pokis) i cmami 6e3 eHOOKpuHHOI namonozii, 3i 300po-
8uUM napoooumom i inmaxmuumu 3yoamu. Pezynomamu
odocnioxcenna ma ix 006206openns. Oyinka NOKAZHUKIE
iHOeKkcy XxayHcinb0a ma mapkepie KiCMKO8020 Mema-
O0ni3My y pI3HUX 2pYN XBOPUX HA 2eHepani308anull napo-
donmum npu yyKkpogomy odiabemi 2 muny npu cepeoHvo-
CMAamucCmMuyHOMy ONpayio8aHHi NPOOEMOHCMPYBALd, O
60HU nepedysaromv y Npamill KOPeIsyiuHill 3a1eHCHOCHI
8i0 msdicKocmi Ul nepedicy 2eHepanizo8anoco NapoooH-
muma, cmaoii KomMnexcayii, MANCKOCMi ma mpugaiocmi
yykposoeo diabemy. Bucnosku. Ocobrugicme KuiHiuHO20
nepeoizy eeHepanizo8ano20 napoOOOHMUMY NPU YYKPOBOMY
diabemi 2 muny, o6msaxNceH02o 0iabemuyHUM OCMeono-
PO30M, 06YMOBNIeHA | NPOABTAEMbCA SHUNCEHHAM 8 Kichi-
KOBUX CMPYKMYpax napoOOHMY Npoyecié OCMeOoCUHmesy
i nioguwiennam inmencuenocmi ocmeopesopoyii. Oco-
baugicmio nposgy WEUOKONPOSPECYIOY020 | XPOHIUHO20
2EHepPani306aH020 NAPOOOHMuUMY Npu OiabemudHitl ocme-
onamii i 6e3 cucmemHol namonoeii € HapoCMamnHsl, He3a-
JIENHCHUX 810 KIIHIYHOI KApMUuHUu 3aX60PIO6AHHS, O3HAK
akmueayii ocmeonoposy ma 3HUNCEHHS. OCMEeOCUHMe3).
Jna eepucghikayii akmusnocmi ocmeocunmesy i ocmeo-
pe3opoyii 8 NApoOOHMANbHUX MKAHUHAX, NPEOUKMUBH)
YinHicmb Maiomyv: OiaeHOCMuUKa Pi3HOi HANPABIeHoOChi
i IHMEHCUBHOCMI KICMKOB020 PEMOOCNIOBAHHS 30 PIBHAMU
KIIbKICHO20 8MICHY 6 CUpo8amyi Kpoei pieHi6 MapKepie
KICIKO8020 Memabonizmy.

Knrouosi cnosa: napooonmum, namonozis napoooHma,
WBUOKONPOSPECYIOUUll  2eHepani308aHuli  NApOOOHMUM,
yyKpoasutl diabem, mapkepu KiCmko8020 Memaoonizmy.

In recent years, there has been a steady trend
towards the growth of bone pathologies among
patients with type 2 diabetes. A high level of peri-
odontal tissue morbidity is noted [1, 2, 3, 4] in this
contingent of patients, the frequency of severe forms
of generalized periodontitis is increasing [5, 6, 7, 13,
14]. The relationship between diabetes and periodon-
tal diseases is confirmed by numerous studies by the
authors [3, 6, 7, 9].

At the same time, a two-way relationship between
periodontitis and diabetes is described [7, 8, 9]. It is
noted that in patients with diabetes, inflammatory pro-
cesses in the periodontium are more pronounced than
in patients without this endocrine pathology, while
the maximum level of inflammation was recorded in
patients with uncontrolled diabetes [10, 11, 12].

In addition, it should be noted that diabetes is
accompanied by various metabolic disorders, includ-
ing bone metabolism. This explains the tendency of
patients with this disease to osteopenia, osteoporosis
and its activation in bone structures of the body as a
whole and in periodontal tissues in particular.

Therefore, in the case of generalized periodontitis
associated with diabetic osteopathy, clinical and labo-
ratory studies demonstrating the interaction between
markers of the state of bone metabolism and the clin-
ical course of the pathological process in periodontal

tissues are of interest. The acquired knowledge will
undoubtedly be useful both when choosing treatment
tactics for generalized periodontitis and when plan-
ning preventive measures. Our research was aimed at
solving this issue.

The aim of the study. Creation of evidence-diag-
nostic criteria for assessing and predicting the sever-
ity of the course of the disease of generalized perio-
dontitis in diabetic osteopathy based on the study of
the variability of bone remodeling.

Research materials and methods. In order to
select homogeneous groups, a clinical and radiologi-
cal examination of 166 patients with generalized per-
iodontitis, associated and not associated with type 2
diabetes, was conducted. The age of the patients was
in the range of 30-50 years (on average 42.5+-2.34
years). Among them there were 99 (59.6 %) women
and 67 (40.4 %) men.

In diagnosing the severity of diabetes, we focused
on the clinical and laboratory data presented by our
endocrinologists: patients with subcompensated and
compensated forms of the disease were included in
the study.

The degree of severity of generalized periodonti-
tis was verified according to generally accepted clin-
ical and radiological criteria outlined in modern and
domestic classifications: 76 (45.8 %) patients had
chronic generalized periodontitis and 90 (54.2 %)
had chronic rapidly progressive periodontitis.

The control group consisted of 19 almost healthy
voluntary donors of similar age (on average 41.5+-
2.7 years) and sex without endocrine pathology, with
healthy periodontium and intact teeth.

The generally accepted clinical examination
included the collection of complaints, anamnestic
information, determination of the objective state of
periodontal tissues using periodontal indices and
instrumental methods.

The oral hygiene index was studied according to
the method of Green, V. C. Vermillion (1964), the
intensity and prevalence of the inflammatory pro-
cess in the periodontal tissues was determined by the
degree of bleeding from the dento-gingival groove
(Muhlemann H. Cowell, 1975) and with the help of
the papillary-marginal alveolar index (PMA ), modi-
fied by C. Parma in 1960. The periodontal index (PI)
according to Russel (1956) was used to objectify the
severity and prevalence of inflammatory-destructive
changes in periodontal tissues.

The "FLORIDA PROBE" system was used for
simultaneous fixation of the depth of periodontal
pockets, the presence of bleeding, dental deposits,
and tooth mobility.
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The degree of the destructive process in the per-
iodontal tissues was assessed by orthopantomogram
and cone-beam computed tomography (CBT) data
obtained on a Planmeca Pro Max computed tomogra-
phy scanner (Finland).

Changes in alveolar bone density in Hounsfield
units were also determined using dental computed
tomography. Value <300 units. considered as the
presence of an active osteoporotic process in the
bone tissue of alveolar sprouts.

Patients were included in the study only after
signing the informed consent and familiarizing them
with the objectives of the intended clinical and lab-
oratory studies. The study did not include patients
with other (except type 2 diabetes) risk factors for the
development of secondary osteoporosis — thyrotoxi-
cosis, chronic renal failure, bronchial asthma, treat-
ment with thyroid hormones, and others.

The material for laboratory tests was blood serum,
which was collected between 8 and 10 in the momn-
ing from the cubital vein on an empty stomach. All
researched laboratory indicators on the same equip-
ment, methodology and calculations did not change.

The state of bone remodeling — the intensity of the
processes of resorption and formation of bone tissue
was determined by the quantitative content of mark-
ers of osteosynthesis and bone resorption in blood
serum. As markers of bone formation, the activity
level of the isoenzyme of the bone fraction alkaline
phosphatase (BAP) and BGLAP were chosen. The
expression of the resorptive process in the bone tis-
sue of alveolar sprouts was determined by the con-
centration level of tartrate-resistant acid phosphatase
(TRACP) and C-terminal telopeptide of collagen
type 1 breakdown — B-Cross-Laps. A complex and
dynamic study of selected markers made it possible
to study the peculiarities of the metabolic processes
of systemic bone remodeling.

Mathematical data processing was carried out on
a personal computer using the "STATISTICA" 99
software package (Version: 6.1 "Stat. Soft Inc.").

Research results. As a result of the evaluation of
computer tomograms, signs of increased X-ray trans-

parency of the bone tissue of the alveolar sprouts
were found, as a manifestation of active osteoporo-
sis: in 56 (100%) chronic rapidly progressing gener-
alized periodontitis (main group I),

The first comparison group (34) consisted of
patients with a similar diagnosis, but without endo-
crine pathology and associated osteopathy. The indi-
cators of the Hounsfield index were, respectively:
547+10.8 versus 698.4+15.6. Among patients with
chronic generalized periodontitis that occurred
against the background of diabetes (II main group —
40 patients), only 5 (12.5 %) patients did not have
X-ray signs of osteoporosis; according to the eval-
uation data of Hounsfield index, a reliable value of
the decrease in the density of alveolar bone structures
was established, but it is somewhat less than that
level in patients with manifestations of rapidly pro-
gressing periodontitis on the background of diabetic
osteopathy (616.2+15.2 units of HU versus 547+10.8
units of HU).

While, according to measurements of the bone
tissue density of alveolar sprouts in patients with
generalized periodontitis not associated with diabetic
osteopathy (II comparison group — 36 patients), the
Hounsfield index according to CPCT data was on
average 783.2+14.2 units of HU (at physiological
norm 1032.6 £17.3 units HU), which indicated the
absence of active osteoporosis in the bone structures
of the periodontium (Table 1).

As can be seen from Table 2, the most significant
decrease in the mineral density of bone structures
of alveolar sprouts was found in patients with rap-
idly progressive generalized periodontitis occurring
against the background of diabetic osteopathy (group
I), the least in patients with chronic generalized per-
iodontitis who did not have systemic diabetic osteo-
porosis, with therefore, in patients with rapidly pro-
gressive generalized periodontitis without endocrine
pathology, the indicators of markers of the resorptive
process were less moderate than in representatives of
the I and II main groups.

The established fact of a sharp decrease in the
density of bone tissue of alveolar sprouts with pro-

Table 1

Indicators of the Hounsfield index (HU units) in patients of the main group and the comparison group

. Groups of examinees
Bone density " - . .
indicators I main group IT main group I comparison II comparison control group
(n=56) (n=40) group (n=34) group (n=36) (n=19)
Hounsfield index | 5,7 ¢« 6162+152% | 698.4+15,6% 783.2+14,2% 1032,6+17.3*
(in HU units)

Note: *p<0.05 — the significance of differences with the data of the control group.
** p<0.05 — reliability of differences with the data of the main group.
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Table 2
Indicators of markers of bone metabolism in patients of different observation groups
indicators of Groups of examinees
markers of bone | control group | I main group | I comparison . _ II comparison
remodeling (n=19) (n=56) group (n=34) Il main group (n=40) group (n=36)
TRACP (Unit/L) 3,7+0,3 8,7+0,3** 5,94+0,2%* 6,8+0,2%* 4,7+0,2
B-CL (ng/ml) 1,16+0,6 5,87+£0,2%* 3,3+0,2%* 4,8+0,2%* 2,1+0,2
BAP (Unit/L) 36,9+0,9 14,7+1,2%* 20,4+0,3** 19,7+0,4** 29,4+0,9*
BGLAP (mg/ml) 19,5+0,4 10,2+0,3** 13,4+0,6** 12,8+0,3** 16,6+0,6**

nounced destructive pathology of the periodontium
against the background of diabetes indirectly indi-
cated the possible activation of the osteoporotic pro-
cess in the periodontal tissues, as well as its diffuse
expression.

From the standpoint of evidence-based medicine,
elucidation of the main mechanisms of activation of
the osteoporotic process was carried out by means
of a comparative analysis of the functional state of
the bone in four groups of patients approximately
equal in terms of gender, age, and severity of gener-
alized periodontitis. Group I included patients with
rapidly progressing generalized periodontitis occur-
ring against the background of diabetic osteopathy
(56 people); And the comparison group (34 people)
consisted of patients with a similar diagnosis — rap-
idly progressing generalized periodontitis, not bur-
dened by type 2 diabetes, without systemic osteo-
porosis; The II main group (40 people) was formed
from patients with chronic generalized periodonti-
tis against the background of type 2 diabetes with
diabetic osteopathy; The II comparison group (36
people) was represented by similar patients without
aggravating pathology and had questionable signs for
assessing the type of osteoporotic process activity in
the periodontal tissues.

Determination of the composition of markers of
bone remodeling showed that the physiological level
of tartrate-resistant acid phosphatase content in blood
serum was significantly higher in individuals of
group I compared to control numbers. An increase in
TRACP levels was also recorded in patients of the II
comparison group, although it was significantly less
than in the group of patients with rapidly progressive
generalized periodontitis, which occurred against the
background of diabetic osteopathy (I group).

Minimal changes in the content of BAP were
recorded in patients with chronic generalized perio-
dontitis who did not suffer from systemic osteoporo-
sis. In more than 4% of cases, the range of indicators
was close to that of healthy people. It is worth noting
that the reduction of BP in patients of the I and II
groups was significant both with diabetic osteopathy

and without it. This indicates the possibility of a low
manifestation of osteogenesis in the bone tissue of
the periodontium in patients with rapidly progressive
generalized periodontitis who do not suffer from con-
comitant type 2 diabetes mellitus, which is not bur-
dened by systemic osteoporosis.

The results of determination of B-CL parameters
in patients with chronic rapidly progressing periodon-
titis in diabetic osteopathy indicate an acceleration of
the rate of bone degradation of alveolar sprouts. An
increase in the B-CL index was established in 100 %
of cases by more than 3.5 times the prevailing sim-
ilar parameters of the control group (on average up
to 4.02+0.2 mg/ml versus 1.16+0.3 mg/ml; p<0.05).
Moreover, the more the bone mineral density of the
alveolar bone is reduced, the higher the level of B-CL.

A pronounced increase in B-CL in the blood
serum of patients of group I was associated with a
pronounced activation of BAP in more than 80 % of
patients (85.1 % of cases).

The presence of a close relationship mecha-
nism between BAP resorption indicators and B-CL
in patients of the I and II groups reveal the reliably
significant informativeness of these indicators in the
diagnosis of resorption activity in the bone, on the
other hand, the level of B-CL changed more signifi-
cantly in the representatives of the III group.

In the course of the study, it was found that the
marker of bone resorption — B-CL has a high pre-
dictive value for identifying patients with different
courses of generalized periodontitis.

The content of B-CL in the blood serum of patients
with rapidly progressive generalized periodontitis,
suffering from type 2 diabetes, burdened by systemic
osteoporosis was high and was measured within the
parameters of group I in 77.5 % of cases. At the same
time, it should be noted that the levels of the analyzed
marker of bone tissue resorption were moderate in
other subjects. On average, its value in other groups
was 3.4+0.2 mg/ml (norm 1.16+0.3 mg/ml). It is
worth noting that the concentration of B-CL in the
blood serum of patients of the I and II main groups,
with active osteoporosis in the bone structures of the
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periodontium established by computer diagnostics,
was high in the majority of the examined (92.4 %
of cases) and average was 5.3£0.2. Low numbers
of B-CL in patients of the Il comparison group once
again demonstrate its predictive value for determin-
ing the active resorptive process.

The level of content of the main indicator of oste-
ogenesis (bone formation) of serum BGLAP was
significantly reduced only in patients I and II of the
main study group (10.2+0.3 and 12.84+0.3 mg/ml)
and indicated a significant and reliable inhibition of
the processes bone formation Parameters of BGLAP
concentration in patients with chronic generalized
periodontitis, not burdened by type 2 diabetes melli-
tus, differed little in 57.5 % of cases from the control
group, and only in 42.5 % of the examined individu-
als its indicators slightly exceeded its norm. Perhaps
these data express a weak compensatory increase
in the intensity of bone formation against the back-
ground of the absence of an active destructive pro-
cess in periodontal tissues (on average 16.6+0.6 mg/
ml and 19.54+0.4 mg/ml; p<0.05) in the named con-
tingent A large spread of individual BGLAP indica-
tors in representatives of the II comparison group, in
general, characterizing the processes of osteogenesis
as sufficient in the greater half; in others, it is at a
significantly lower level.

It was not possible to establish reliable differences
in TRACP in patients of the I and Il main groups.
Naturally, during the study of TRACP, lower con-
centrations were found in all patients of the I and
IT comparison groups, the maximum decrease in its
concentration was verified only in 50 % of cases, and
moderately increased in others (on average 6.52+0.2
Units/1).

When determining the level of tartrate-resistant
alkaline phosphatase, it was found that the larg-
est quantitative deviations of its parameters from
physiological levels occurred in patients with rap-
idly progressive generalized periodontitis (main
group I), which indicated a pronounced increase in
bone resorption in the mentioned faces. At the same
time, it is worth noting that the revealed values of
TRACP in the analyzed patients were determined
depending on the severity of changes in the density
of bone tissue.

In the group of patients with rapidly progres-
sive and chronic generalized periodontitis, without
accompanying systemic osteoporosis (comparison
group I and II), only tendencies towards a certain
increase in the content of TRACP in blood serum
were determined in 48 % and 40 % of subjects, in
others this indicator approached the upper limits of

the norm. while in others it corresponded to the level
of healthy people (on average 5.340.2 units/l).

Analysis of changes in TRACP in patients of the
II comparison group, who suffered from chronic gen-
eralized periodontitis, with established non-active
osteoporosis in the bone tissue of the periodontium,
revealed a naturally lower increase in TRACP than in
all subjects. The concentration of this isoenzyme in
comparison with the data of the I-II main groups had
a significant difference (4.7£0.2 vs. 6.84+0.2 Units/l
and 8.7+0.3 Units/l; p<0.05).

It is worth paying attention to the fact that both
in all patients of the I group and in the vast major-
ity of the II primary group (92.9 %), the indicators
of TRACP, in contrast to the indicators of the I and
IT comparative and control groups, had the greatest
differences, reflecting a high level of intensity bone
resorption in periodontal tissues. This point is a con-
firmation that the studied marker of bone tissue res-
toration has a high predictive value for detecting not
only the intensity of osteogenesis in the bone tissue
of the periodontium, but also in the diagnosis of the
severity of generalized periodontitis.

Thus, in patients with generalized periodontitis
complicated by diabetes and diabetic osteopathy, dif-
ferences in the direction and intensity of bone remod-
eling can be clearly observed, which is confirmed by
a more significant decrease in formation markers and
a simultaneous increase in resorption markers.

Conclusions. The peculiarity of the clinical course
of generalized periodontitis in type 2 diabetes melli-
tus, burdened by diabetic osteoporosis, is caused and
manifested by a decrease in the bone structures of the
periodontium in the processes of osteosynthesis and
an increase in the intensity of bone resorption.

A feature of the manifestation of rapidly progres-
sive and chronic generalized periodontitis in dia-
betic osteopathy and without systemic pathology is
the increase, independent of the clinical picture of
the disease, of signs of osteoporosis activation and a
decrease in osteosynthesis in the bone structure of the
periodontium, which lead to a significant decrease in
the density of bone tissue in the alveolar sprouts.

In order to verify the activity of osteosynthesis
and bone resorption in periodontal tissues, the fol-
lowing are of predictive value: diagnosis of differ-
ent directionality and intensity of bone remodeling
based on the levels of the quantitative content in the
blood serum of the activity markers of the isoenzyme
of the bone fraction of alkaline phosphatase (BAP),
BGLAP and the concentration of C-terminal telopep-
tides (B-Cross-Laps), as well as resistant acid phos-
phatase tartrate (TRACP).
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