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Features of Bone Mineral Density, Calcium-Phosphorus
Metabolism and Bone Remodeling in Patients
with Systemic Lupus Erythematosus

Introduction. Systemic lupus erythematosus (SLE)
is a complex autoimmune disease with variable clinical
manifestations associated with multiple autoantibodies,
formation and deposition of immune complexes, and
other immune processes [6, 7, 11]. Despite significant
advances in treatment, the disease remains disabling, in
particular, due to increased bone fragility and low-energy
fractures [8]. The prevalence of osteopenia in patients
with SLE ranges from 25.0 % to 75.0 %, and osteoporosis
(OP) from 1.4 % to 68.0 % [5]. The incidence of symptoma-
tic fractures in patients with SLE is 1.2-4.7 times higher
than in the general population and ranges from 6.0-
42.0 % [4].

The main regulators of calcium-phosphorus metabolism
(CPM) are parathyroid hormone (PTH) and vitamin D,
which, together with calcitonin, ensure a stable concentration
of Ca and phosphorus (P) in the blood [1]. The interest
of scientists in elucidating the relationship between the
activity of SLE and vitamin D is reflected in numerous
studies with different designs and rather contradictory
results [2, 3]. Instead, the relationship between bone
mineral density (BMD) and SLE activity has been
insufficiently studied and reported in the scientific literature.
In29.0-35.0 % of patients with SLE with vertebral fractures,
unchanged BMD is observed [11].

Bone metabolism is ensured by multidirectional but
associated processes: bone formation by osteoblasts and
bone resorption by osteoclasts. However, the mechanism
of impaired bone remodeling in patients with SLE so far
is not fully understood. Among the key pathogenetic
factor of OP in patients with SLE is enhanced osteoclasto-
genesis induced by proinflammatory cytokines [4]. At
the same time, some scientific publications report that
the cause of osteopenia in such patients is slowed bone
biosynthesis due to decreased osteoblast function [8, 9],
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and some researchers have not found any significant
changes in bone metabolism in SLE affected patients
with reduced BMD [9]. The study of bone remodeling
in patients with SLE will help to improve the therapy and
quality of their treatment.

The aim of the study. To invstigate features of bone
mineral density, calcium-phosphorus metabolism and
bone remodeling in patients with systemic lupus
erythematosus.

Materials and methods. After obtaining written consent
for the examination by the principles of the Helsinki
Declaration of Human Rights, the Council of Europe
Convention on Human Rights and Biomedicine, and
relevant laws of Ukraine, patients were randomly enrolled
in the clinical trial with preliminary stratification by the
presence of SLE disease (according to the criteria of the
American College of Rheumatology (ACR; 1997) and
the order of the Ministry of Health of Ukraine N 676 of
12.10.2006 "On Approval of Protocols for the Provision
of Medical Care in the Specialty of Rheumatology"),
female gender and premenopausal status aged 21 to 51
years (mean age 38.95 = 0.79). The cohort under inves-
tigation included 123 patients who were examined and
treated during 2012-2018 in the Rheumatology Department
of the Municipal Non-Profit Enterprise of the Lviv
Regional Council "Lviv Regional Clinical Hospital" (study
group (SG)). The comparison group (CG) consisted of
25 women without SLE in premenopausal status of the
appropriate age. The control group included 25 practically
healthy women.

In order to study BMD, dual-energy X-ray densitometry
(DXA) of the lumbar spine was performed using a duale-
nergy X-ray absorptiometer (Stratos, France). To assess
bone mass, the T-criterion was used, which is calculated
automatically and corresponds to the number of standard
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deviations (SD) in the difference between the average
value of the study area for people aged 20 to 45 years
and the result obtained in the subjects.

According to the recommendations of the World Health
Organization, the T-criterion distinguishes four categories
of bone tissue status:

1. Normal: T-score > -1.00.

2. Reduced bone mass (osteopenia), preclinical osteo-
porosis:

T-criterion < -1.0 but > -2.50.

Degrees of osteopenia: osteopenia I: T-criterion <-1.00
but > -1.40; osteopenia II: T-criterion <-1.50 but>-1.90;
osteopenia III: T-criterion < -2.00 but > -2.40.

3. Osteoporosis: T-score > -2.5 without a history of
fractures.

For the study of CPM, total Ca, ionized Ca, P in blood
and Ca, P, creatinine in daily urine, as well as PTH and
25-hydroxyvitamin D in serum were determined using a
commercial test kit on an automatic biochemical analyzer
COBAS INTEGRA 400 plus (Roche, Switzerland)

were detected by immunochemical analysis using an
automatic immunochemical analyzer COBAS INTEGRA
(Roche, Switzerland) supplemented using a test kit from
the same company, according to the attached instructions.

To achieve the goal, the first step included the evalu-
ation of bone damage prevalence in patients with SLE;
the second step was directed towards the characterizatione
the bone condition in patients with SLE by summarizing
the results of BMD assessment, CPM indices and markers
of bone remodeling.

The material was processed in Excel (Microsoft) on a
personal computer using descriptive statistics and Student's
t-test.

Results and discussion. The results of the first step,
evaluating the prevalence of bone damage in patients
with SLE, are presented in table 1 and fig. 1.

Table 1

The state of bone mineral density according to the results
of dual-energy X-ray absorptiometry of the lumbar spine
in women of the study and comparison groups (n; %)

according to standard methods. BMD SG,n | CC,n | SG,% | CG,%
To assess the rate Qf bone remodeling, markgrs of' bone Osteoporosis 1 0 17.07 0.00
formation were studied as follows: osteocalcin, a bone -
glutamine protein synthesized by osteoblasts during bone | Grade Il osteopenia 18 ! 14.63 4.00
formation, procollagen type 1 amino-terminal propeptide | Grade II osteopenia 26 3 21.14 12.00
(P,NP) specific for the formation of type I collagen, and | Grade 1 osteopenia 23 4 1870 | 16.00
a biochemical marker of bone resorption, isomerized
C-terminal telopeptide (B-crosslaps), specific for the Total 88 8 71.54 32.00
degradation of type I collagen in bone. Markers of bone Normal 35 17 28.46 68.00
remodeling (osteocalcin, P NP and B-crosslaps) in serum
28.46 %
Normal 68,00 %
18.70 %
Grade T osteopenia 16.00 %
, 21.14%
Grade 1T osteopenia 12.00 %
, 14.63 %
Grade IIT osteopenia 4.00 %
17.07%
Osteoporosis 100 %
71.54 %
Total 28.00 %
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00
B Study group B Comparison group

Fig. 1. The state of bone mineral density according to the results of dual-energy X-ray absorptiometry of the lumbar spine in patients
of the study and the comparison groups women.

According to the results of lumbar spine DXA scans,
88 (71.54 %) women of the SG and only 8 (32.00 %)
women of the CG had a decrease in BMD (p < 0.001).
OP was detected in 21 patients of the SG (17.07 %), and
no cases of OP were found in the CG. Grade I1I osteopenia
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was detected in 18 patients with SLE (14.63 %) and in
one woman of the CG (4.00 %) (p > 0.05). Grade 11
osteopenia was detected in 26 patients with SLE (21.14 %)
and 3 women of the CG (12.00 %) (p > 0.05). Grade I
osteopenia was recorded in 23 women with SLE (18.70 %)
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and 4 of the CG (16.00 %) (p > 0.05). Normal BMD was
detected in 35 women of the SG (28.46 %) and 17 women
of the CG (68.00 %) (p <0.001).

The results of achieving the study goal by performing
the second step, which was directed on the characterization
of bone status in women with SLE based on the results
of BMD assessment, CPM indices, and markers of bone
remodeling, are presented in table 2 and fig. 2-5.

According to the results of lumbar spine DXA scans
in the patients with SLE, the mean value of the T-criterion
(-1.29) £ 0.10 was significantly lower than in women of
the CG (-0.76) = 0.23 (p <0.05) and control (-0.50)%0.10
(p <0.05).

According to the mean values, no significant differen-
ces were found in between the SG, CG and control: total
blood Ca 2.34 £ 0.03 mmol/l versus 2.43 +0.04 (p > 0.05)
and 2.39 + 0.03 (p > 0.05) mmol/l; ionized blood Ca
1.27 £ 0.02 mmol/l versus 23 £+ 0.06 mmol/l (p > 0.05)
and 1.24 £ 0.01 (p > 0.05) mmol/l; blood P 1.15 + 0.10
mmol/L versus 1.22 £+ 0.08 (p > 0.05) and 1.16 = 0.06
(p > 0.05) mmol/l. Also no significant difference were
found in between the mean urinary P values in SG, CG,
and control (12.68 + 0.69 mmol/24 h versus 11.38 + 0.87
mmol/24 h and 11.35 £ 1.32 mmol/24 h, p > 0.05).
However, the Ca level in the urine was higher in patients
with SLE (5.25+0.28 mmol/24 h) thanin CG (3.76 +0.46
mmol/24 h) and control (3.58 + 0.76 mmol/24 h), p <0.05.
The mean values of the markers of bone mineral meta-
bolism regulation, unlike PTH, did not differ significantly
between the SG, CG, and control (49.78 + 3.37 pg/ml
versus 46.89 = 0.90 pg/ml and 43.42 + 3.30 pg/ml), the
level of 25-hydroxyvitamin D was significantly lower in
SG (15.14 £ 0.80 ng/ml) than in CG (19.62 + 0.46 ng/ml)
and control (22.38 + 1.34) p < 0.05.

Table 2

Mean values of bone mineral density, calcium-phosphorus
metabolism and markers of bone remodeling
of the study group, comparison group and control

Parameters SG CG Control
BMD
Lumbar spine -1.40+0.10% | -0.76 £0.23 | -0.50=+0.10
CPM

Total Ca 234+003 | 243+004 | 2.39+0.03
(serum), mmol/l
Tonized Ca

1.27 £0.02 1.23 £0.06 1.24+0.01
(serum), mmol/l
P (serum), 115£0.10 | 1224008 | 0.16+0.06
mmol/l
Ca (urine), 550+0.29% | 3.76+046 | 3.58+0.67
mmol/24 h ’ ’ ’ ’ ’ ’
P (urine),
mmol/24 h 12.68 +£0.69 11.38+0.87 | 11.35+1.32
PTH (serum), | 4978 4337 | 46.89+-4.50 | 43.42+3.30
pg/mL
25-hydroxy-
vitamin D, 15.53+0.73* | 19.62+0.46 | 22.38 + 1.34
ng/ml

Bone remodeling

Osteocalcin 11.88+0.48% | 18.61+0.75 | 19.28 +£1.88
P NP 41.67+2.13 39.67+2.34 | 41.59+3.94
B-crosslaps 0.51+£0.02™ 0.26 +0.02 0.28 £ 0.02

Notes: * - p < 0.05 by Student's t-test compared to the comparison
group; # - p < 0.05 by Student's t-test compared to the comparison
group and control.

W Study group

W Comparison group

M Control

Lumbar spine

-1.60  -1.40 -1.20 -1.00  -0.80

-0.60  -0.40  -0.20 0.00

Fig. 2. The mean value of bone mineral density according to the results of dual-energy X-ray absorptiometry
in women of the study group, comparison group, and control.
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Total Ca (serum) .

Ionized Ca (serum) I

P (serum) F
Ca (urine) g
P (urine) [
PTH (serum) [ ——
25-hydroxyvitamin D (serum) _

0.00 10.00 20.00 30.00 40.00 50.00

B Study group B Comparison group H Control

Fig. 3. Mean values of calcium-phosphorus metabolism and markers of its regulation in women of the study group,
comparison group, and control.

The evaluation of osteoblastic function markersrevealed  No significant differences were detected between the
significant differences between the SG, CP, and control, mean values of P NP in SG and CG (41.67 +2.13 ng/ml
in particular, osteocalcin level in woman with SLE was  versus 39.67 + 2.34 ng/ml), as well as SG and control
significantly lower than in CG and control (11.81+0.49  (41.67 £2.13 ng/ml versus. 41.59 & 3.94 ng/ml, p > 0.05).
ng/ml versus 18.61 =0.75 ng/ml and 19.28 + 1.88, p <0.001).

group

11.88
Osteocalcin
B Control
41.67
P,NP
-

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00

B Study group
B Comparison

Fig. 4. Mean values of the markers of the osteoblastic function in women of the study group,
comparison group, and control.

The assessment of osteoclastic function revealed a significantly higher levels of B-cross laps in patients with SLE
(0.51 £ 0.02 ng/ml) compared to CG (0.26 £ 0.02 ng/ml) and control (0.28 £+ 0.02 ng/ml), p < 0.001.

B-crosslaps ® Study group

B Comparison

group
M Control

0.00 0.10 0.20 0.30 0.40 0.50 0.60

Fig. 5. Mean values of the osteoclastic function markers in women of the study group, comparison group,
and control.
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Conclusions. Bone mineral density, calcium-phosphorus [T osteopenia, 14.63 % - grade III osteopenia;
metabolism and bone remodeling in patients with systemic ~ 17.07 % - osteoporosis, increased calcium excretion,
lupus erythematosus have peculiarities as follows: a  vitamin D deficiency, decreased osteoblastic and enhansed
significant decrease in bone mass in 71.54 % of patients,  osteoclastic functions.
namely 18.70 % - grade I osteopenia, 21.14 % - grade
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Features of Bone Mineral Density, Calcium-Phosphorus Metabolism
and Bone Remodeling in Patients with Systemic Lupus Erythematosus

L. Tsyhanyk, O. Khukhlina, V. Ivachevska, N. Grechkivska,
M. Panasiuk, L. Kobak

Introduction. Systemic lupus erythematosus (SLE) is a complex autoimmune disease with variable clinical
manifestations associated with multiple autoantibodies formation and deposition of immune complexes, and other
immune processes. Despite significant advances in treatment, the disease remains disabling, in particular, due to
increased bone fragility and low-energy fractures. The study of bone remodeling in patients with SLE should help
to improve the therapy and quality of their treatment.

The aim of the study. To investigate the features of bone mineral density, calcium-phosphorus metabolism and
bone remodeling in patients with systemic lupus erythematosus.

Materials and methods. The study involved 123 women with SLE aged 21-51 years. The comparison group
(CG) consisted of 25 women without SLE in premenopausal status of the appropriate age. The control group included
25 practically healthy women.

In order to study bone mineral density (BMD), dual-energy X-ray densitometry (DXA) of the lumbar spine was
performed using a dual-energy X-ray absorptiometer. For the study of calcium-phosphorus metabolism (CPM), total
calcium (Ca), ionized Ca, phosphorus (P) in blood and Ca, P, creatinine in daily urine, as well as parathyroid hormone
(PTH) and 25-hydroxyvitamin D in serum were determined. Markers of bone remodeling (osteocalcin, procollagen
type 1 amino-terminal propeptide (P NP) and isomerized C-terminal telopeptide (B-crosslaps) in serum were
measured.
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To achieve the stated goal, the first step included the determination of bone damage prevalence in patients with
the diagnosed SLE; the second step was directed towards the characterization the particular bone condition in patients
with SLE based on the results of BMD, CPM indices and markers of bone remodeling assessment.

Results. According to the results of DXA of the lumbar spine, 88 (71.54 %) women of the SG and only 8 (32.00 %)
women of the CG had a decrease in BMD (p < 0.001). According to the mean values, the studied CPM indices of
the SG patients, CG and control group wemen exposed no significant differences. Similarly, no significant differences
were detected in the mean values of urinary phosphorus and in between blood PTH values in SG, CG, and control.
The level of 25-hydroxyvitamin D was significantly lower in SG (15.14 £ 0.80 ng/ml) than in CG (19.62 £+ 0.46 ng/
ml) and control (22.38 + 1.34 ng/ml) p < 0.05. The mean value of osteocalcin in woman with SLE was significantly
lower than in CG and control (11.81 £ 0.49 ng/ml versus 18.61 = 0.75 ng/ml and 19.28 + 1.88, p < 0.001). No
significant difference were detected in between the mean values of PINP in SG, CG and control. The mean values
of B-cross laps were significantly higher in patients with SLE (0.51 + 0.02 ng/ml) compared to GC (0.26 + 0.02 ng/
ml) and control (0.28 + 0.02 ng/ml), p < 0.001.

Conclusions. Bone mineral density, calcium-phosphorus metabolism and bone remodeling in patients with
systemic lupus erythematosus have peculiarities as follows: a significant decrease in bone mass in 71.54 % of
patients, namely 18, 70 % - grade I osteopenia, 21.14 % - grade II osteopenia, 14.63 % - grade III osteopenia;
17.07 % - osteoporosis, increased calcium excretion, vitamin D deficiency, decreased osteoblastic and enhansed
osteoclastic functions.

Keywords: systemic lupus erythematosus, osteoporosis, bone mineral density, calcium-phosphorus metabolism,
P NP, B-crosslaps.

Oco0MBOCTH MiHEPAJBHOI IIIJILHOCTH KiCTOK, KaJ1bUi€BO-(POCcHOPHOIro 0OMiHYy
Ta KiCTKOBOI0 PeMO/JEeJTI0BAHHA Y XBOPHX HA CHCTEMHHUH YePBOHMI BOBYAK

JI. B. Huranuk, O. C. Xyxuina, B. B. IBaueBcbka, H. B. I'peukiBchka,
M. T. Ilanaciok, JI. O. Kodak

Beryn. Cucremunii uepBonwuii BoBuak (CUB) — cucremHa xBopoOa cromydHoi TKAaHWHH, 1[0 BAHUKAE BHACIIIOK
TEHETHYHO 3YMOBJICHOT HEJIOCKOHAJIOCTH IMYHOPETYIIITOPHUX MPOIIECIB, 110 MPU3BOAUTH O YTBOPEHHs Oe3midi
AHTHUTLI JIO BJACHUX KJIITHH 1 IXHIX KOMIIOHEHTIB Ta BUHUKHCHHSI IMyHOKOMIUICKCHOTO 3allaJICHHSI, HACIIIJIKOM SIKO-
IO € ypaXXCHHs1 0araTrboX OPraHiB i CUCTEM.

[orpu 3HauHi TOCSTHEHHS Y JIIKYBaHHI, XBOpoOa PHU3BOIHTH 10 IHBaTiqU3allii, 30KkpeMa yepe3 301IbIICHHS
KPUXKOCTH KiCTOK 1 BUHUKHEHHS HH3bKOCHEPTETHIHHX nepenomis. 3’ SICYBAHHS 0COOJMBOCTEH PEMOJICTIOBAHHS
KicToK y xBopux Ha CUB yMOKIMBUTH yIOCKOHAIUTH AISTHOCTHUKY H MiJABUIIUTH SIKICTh JIIKYBaHHSI.

Merta. Jlocnianti 0coOIMBOCTH MiHEpaIbHOT HIUTBHOCTH KiCTOK, KaJIbI[iEBO-(PochopHOTro 0OMiHy Ta KiCTKOBOTO
PEMOJIEIOBAHHS Yy XBOPUX HAa CUCTEMHMI YEPBOHUI BOBYAK.

Marepisiiu it MeToau. J[o KJIIHIYHOTO JOCIIHKCHHS Y PaHIOMI30BaHUH CIIOCIO 13 MOTIEPEIHBOI0 CTPaTU(IKAIIIE
3a HasiBHOCTI JisirHo3y CUB, iHOYOI cTari i mpeMeHoIay3aJIbHOTO CTaTycy BikoM Bix 21 1o 51 poky (cepenHiii Bik
38,95 £ 0,79) 3anyunnu 123 xBopux, ski Brponosx 2012-2018 pp. nepedyBanu Ha 0OCTEKEHHI Ta JIIKyBaHHI y
peBMaTonorquOMy Bianin KomyHansHOTo HEMpUOYTKOBOTO HiI[HpI/IGMCTBa JIbBiBcbKOT 00NacHoi paau «JIpBiBChKa
obnacHa KJIiHIYHA JIlKapHﬂ» (aocm,uHa rpymna (AD). I'pymy nopiBHSHHS (FH) ckianu 25 xinok 6e3 CUB y npeme-
HOIIay3aJbHOMY CTaTyCI BiJIIIOB1IHOTO Ble Ho KOHTpOJ]bHOl rpynu (KT) yBilinum 25 npakTHYHO 3J0POBUX JKiHOK.

3 METOIO AOCHIUTH MiHEepalbHY IUIBHICTH KicTkoBOT TKaHuHU (MILKT) mpoBeneHo ABoCHEpreTHYHy peHTIre-
HiBcbKy nencuromerpito (JJPA) monepekoBoro Bigainy xpedra. Jocmimkysanu kanblieBo-hochopauii oomin (KDO),
BU3HAYAIIM TOKa3HUKH 3arajibHoro Kajblito (Ca), iionizoBanoro Ca, pocdopy (P) y kposu Ta Ca, P, kpeaTuniny B
J000Bi cedl, a Takox naparropmony (I1TT) 1 25-rigpokcuBitaminy D B cupoBariii kpou. [1{o6 omiHuTH IIBUKICTH
PEMOJICITIOBaHHS KICTKOBOI TKAHWHU, JOCTIKYBAIH Mapkepu (OpMYyBaHHS KiCTKOBOI TKaHHHHU (OCTEOKAJIbILUH,
aMiHOTepMiHaIbHuUI nponentus npokonaredy I tumy (procollagen type 1 amino-terminal propeptide — P NP) ta
i3omepu3oBanuii C-kinnesuii Tenonentun (Carboxyterminal Cross-linking Telopeptide of Bone Collagen — (B-cross-
laps) B cupoBariii KpoBH.

Jliist TOCATHEHHS 3a3Ha4€HOI METH 3’ ICOBYBAaJIH MOLITMPEHICTh YIIKOKECHHS KiCTOK y xBopux Ha CUB, Bu3Hava-
JiU cTaH KicTok y xBopux Ha CUB 3a pesynbraramu onintoBanHs MILIKT, nokasaukamu KOO, mapkepi KiCTKOBO-
T'O PEMOJICITIOBAHHS.

Pesyabraru. 3a pesynsratamu [IPA nonepekoBoro Biainy xpeota, y 88 (71,54 %) xkinok JAI" i mume y 8 (32,00 %)
)iHok KI™ e samkennst MILIKT (p < 0,001). 3a pesynsraramu JIPA, y nonepekoBoMy Biiii XxpeOTa y XBOpUX Ha
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CYB xinok JI" orpumanm cepense 3Hadenus T-kpurepito (-1,29) + 0,10, mo moctoBipHO MeHIIe, HixX y xKiHOK ['TI
(-0,76) £ 0,23 (»p < 0,05) i KI" (-0,5) = 0,1 (p < 0,05). 3a cepeqniMu 3HAYCHHIMH JOCITIHKyBaH] TokazHUkH KOO
kpoBu xBopux /I, xixok I'Tl i KI" noctoBipHO He Biapizasuucs. Takox He Oy0 TOCTOBIPHOI BIIMIHHOCTH 3a ce-
pennivu 3HadenHsamu P ceui y JII, I'TL i KT IIpote Bmict Ca y cedi OyB 6inbmim y xBopux Ha CUB (5,25 + 0,28
MMoITh/24 Ton), ik y I'TI (3,76 = 0,46 mmons/24 Ton) 1 KI' (3,58 + 0,76 mmons/24 rox), p < 0,05. Ilomo mapkepi
perynsuii MiHepanbHOTO 00MiHY KiCTKOBOI TKaHMHHM, TO Ha BinMminy Bif IITT, cepenni 3Ha4eHHS SKOTO TOCTOBIPHO
He BIAPI3HITUCS MK MmokazHuKamu y xBopux >kiHok I, I'Tl i 3moposux xixok KI, BmicT 25-ringpokcuBiTaminy D
OyB JTOCTOBIPHO MEHIINM Y XiHOK, XxBopux Ha CUB (15,14 + 0,80 ar/mn), mix y I'Tl (19,62 + 0,46 ur/mn) i KI'
(22,38 £ 1,34), p < 0,05. Cepenne 3HaUCHHS OCTCOKAIBIMHY y JKIHOK OYJIO JOCTOBIPHO MEHIIINM, HiX Y 3I0POBUX
(11,81 + 0,49 ur/mn npotn 18,61 + 0,75 ar/mn i 19,28 = 1,88, p < 0,001). HocToBipHOi pi3HHUI MK CEpeIHIMU
snagennsvu P NPy xBopux xinok i3 JII" i snoposux i3 KI' ne Busisneno. Cepenne snauenns f3-crosslaps nocrosip-
Ho Oinbmie y xBopux Ha CUB xinok (0,51 + 0,02 ar/mm), aixk y I'TI (0,26 + 0,02 ar/mi) ta KT (0,28 + 0,02 5r/™min),
p<0,001.

BucnoBku. MinepaibpHa MITBHICTH KiCTOK, KanblieBo-(pochopHuii 0OMiH 1 KICTKOBE PEMOJIETIOBAHHS Y XBOPUX
Ha CHCTEMHUU YEPBOHHWHA BOBYAK MAIOTh TIE€BHI OCOOJWBOCTHU: JOCTOBIpHE 3MCHIICHHS MacH KicTku y 71,54 %
XBOpHUX, a came —y 18,70 % — ocreonewnis I, y 21,14 % — octeonenis 11, y 14,63 % — ocreonewnis 111, y 17,07 % — oc-
TEOIOP03, 30TBIIIEHHST EKCKPEITii KaIbIlil0, HEIOCTATHOCTH BiTaMiHy D, TociTabieHHsS 0CTe00IaCTHOT 1 TTOCHIICHHS
OCTEOKJIACTHOI (DYHKITIH.

Kuio4oBi ciioBa: cructeMHU YepBOHUIN BOBYAK, OCTEOTIOPO3, MiHEpalibHA IIUTBHICTh KICTKOBOI TKAHWHU, KaJTh-
uieBo-ocdopuuii 0omin, P NP, B-crosslaps.
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