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LLlaHOBHI YynTaui!

Ocb i pobirae kiHusa 2023 pik. e oanH pik HEMMOBIPHOrO NPOTUCTOAHHSA YKPATHCbKOro Hapoay 36pOiiHil POCINChKil
arpecii. LLle oanH pik repoivyHOl NpaLi HalWoT MeAUYHOI CNibHOTY, AKA LWOAHA CTUKAETbCA 3 HOBUMU 1 HOBUMU BUKIIMKAMU.
e oauH pik ripkux BTpaT AK cepel HalMX 3aXMCHUKIB, TaK i cepefl UMBINbHOrO HacefeHHs, Wo 3akapbyBanncb y Halmx
cepusx Hasaxau. Ane 2023 6yB i POKOM, KONK YCi MU, HE3BaXKatoum Ha YCi NepeLKoan, Biguynu, Wo ctany Habarato CUnbHi-
LMK, 3rypTOBAHILLMMMW Ta | BNEBHEHILLVMK Y CBOIX AiAX Ta Hamipax.

[na Haworo »XypHany pikK, Wo MUHYB, 6yB 0co6nMBUM. Ha MOro noyaTky Mu oTprMany 3BiCTKY Npo BKIOUYEHHS KypHay
B HAayKOBOMETPUYHY 6a3y AaHux Scopus, Aani — NigTBepAKeHHSA BUCOKOIO CTaTyCy XXypHany cepef APYKOBaHUX BUAAHD,
pekomMeHf0BaHNX MiHicTepcTBOM HayKu Ta OCBiTM. MUHYNOro poky Ha WwnasbTax Haloro xypHany 6ynu ony6nikosaHi ABa
HaLioHaNbHMX KePIiBHMLTBA, AKi MaloTb BaX/TMBE 3HAYEHHA ANA NPAKTUYHOI AiIANbHOCTI MeAMYHOI CMiNIbHOTU, — KOHCeHCyC
WOoJO0 MeHemKMeHTY Aediumnty BiTamiHy D Ta PekomeHAaauil WwWoao NikyBaHHA NOCTMEHOMay3anboro OCTeON0opo3y, a TaKoX
Lina HM3Ka iHWKX WikaBUX AOCNigKeHb, NPUCBAYEHNX, 30KPEMa, | Npobnemam, Lo NpuHecsa BilHa. BoceHn cTopiHka Ha-
LLIOro »KypHasy B Scopus cTana AOCTYMHOIO ANA nepernagy HaykoBoIo CNifibHOTOIO 3 Pi3HMX KYTOUKiB Hawwoi nnaHeTn. Cepen
Pi3ABAHNX NOJAPYHKIB OYIKYEMO Ha iHLUi XOPOLLi HOBUHW.

CborofHi M1 YiTKO 3HAaEMO, WO YCi HalWi JOCATHEHHA He 6ynn 6 MOXNMBMMM 6e3 Haworo YnTava Ta BENUKOI KOMaHaW of-
HogymuiB — PepakuinHoi Konerii, PeuieH3enTiB Ta BugaBHumuTBa. Pa3om My NpofoBKyeMo npavtoBaTty i JOKajaT 3yCusb,
o6 3pobrTY HaLL XKYpPHan LWe LiKaBiluyM Ta KOPUCHIWMM Ana Haworo YmTava.

Lle uncno xypHany BiKpuBa€E HM3Ka OpUriHaNIbHUX BOCAIOXKeEHD, fIKi, CNOAIBAEMOCH, ByAyTb LiHHUMW ANA PisHMX PpaxiBLiB.
Cepep HUX CTATTA, NPUCBAYEHA NOLWMPEHOCTI HAAMIPHOT MacK Tina y Naui€HTIB 3 akCialbHUM CMIOHAMNOAPTPUTOM Ta aHanisy
MoB'A3aHKX 3 Heto dakTopiB pr3KMKy. OUiKyeMO, WO He MeHLW LiKaBo AnA YniTaya Oyfe CTaTTs, NPUCBAYEHa MiHepanbHIl
LWiNbHOCTI Ta AKOCTi KiICTKOBOI TKAHVHW Y XBOPMX i3 CE4OKaM'AAHOK XBOPO6O10.

Ha wnanbtax HaWoro )ypHany My NPOAOBXKYEMO 06rOBOPEHHA TeM, MOB'A3AHUX 3 BUKANKAMU BilHU. MeHeKMeHT na-
Li€HTIB 3 Pi3HMMN BMAAMU TPaBM, BUBUYEHHA Nepebiry pisHMX 3aXBOPIOBaHb B YMOBaX BOEHHOIO CTaHy. Baxnumso, wo gocni-
IKEHHA NPOJOBXKYIOTLCA He TiNbKY B KIiHiLi, ane i B eKcrnepruMeHTaNlbHUX YMOBaXx. 3Ba)katoum Ha Le, LIiHHOIO Ta LjikaBolo €
CTaTTA, NPUCBAYEHA 3MiHaM AesAKMX MOKa3HMKIB KPOBi NPU KPaHiOCKeNEeTHil TpaBMi AK BiOOpaXKeHHI0 MOXIIMBOI akcenepa-
Lii KicTKOBOI penapatlii.

BaknuBrM Ha CbOrofHi € Te, L0, He3BaXKaloumM Ha BOEHHWI CTaH, YKPATHCbKI HAYKOBL, AIK | KONeru 3 pisHMX KyTOUKIB CBITY,
NPOAOBXKYIOTb AOCNIAKEHHA i3 3ayUYEHHAM HOBITHIX TEXHONOT i, 30KpemMa MaTeMaTMYHOrO MOAENIOBAHHA Ta LUTYYHOTO iH-
TenekTy. Lle uncno xxypHany 03HanoMmUTb YMTaya 3 HOBUMM NiAX0AaMu B MOAENOBaHHI 6i0foriyHOro BiKy KiCTKOBOT TKaHUHY
ONA NPOrHO3yBaHHA OCTEOMNOpPO3Yy Ta MOro YCKNagHeHb, a TakoX pe3ynbTaTaMi aHanisy pPisHUX Mogenen ofHOMOMCHOIO
eHgonpoTesa Npu 3MiHaX MONOXEHHA NEeBHUX CTPYKTYP MAeYOBOI KiCTKN.

Y uboMy umnchi XKypany umtad 3Hange uikase KIiHiYyHe AOCNigXEeHHSA, MPUCBAYEHE aHani3y YacToTh YWKOAKEHDb 3B'A30K,
LLO YTPVMYIOTb CYXOXUIOK JOBrOi rofiBKu GiLienca, y XBopux 3 aaresmBHIM Karncynitom nieyoBoro cyrnoba, Ta cTaTTio, npu-
CBAYEHY aHani3y epeKTMBHOCTI Ta YCKNaAHEHHAM 3@ BUKOPUCTaHHA MBUHTOBUX EHAOMPOTE3IB Y NaLiEHTIB 3 OCTEONOPO30M.

AK i 3aBXAW, MM HaMaraeEMochb AiNUTUCb 3 BaMU iHPpopMaLli€lo 3 KOHPepeHLiln Ta KOHIPeciB, Wo BiabyBaTbcA B YKpaiHi
Ta 3a il mexxamu. CborofHi Ny6nikyeMo pernopTax 3 MiXXHapPOAHOT KOHGepeHLii, NpucBAYeHil BiTamiHy D, y Monbui, e Lbo-
ropiy YKpaiHCbKi BYEHi NpeACcTaBAANN pe3ynbTaTii CBOEI pOOOTU B YMOBAX BillHV B YKPaiHi, @ TaKOX penopTax i3 WopiyHoT
KoHdepeHLUii 3 MiXXHapOAHO yyacTio «3aXBOPIOBaHHA KiCTKOBO-M'A30BOI CMCTEMM Ta BiK», WO BiAbynacb BoceHu B Knesi,
He3Barkaloun Ta MOBITPAHI TpUBOrM Ta 6ombapayBaHHA.

2023 pik NpYHIC HaM He nuLue JOCATHEHHS, ane 1 YncyieHHi BTpaty. CborofdHi Ha LWnanbTaxX HaLoro »KypHany NpoLaEMocCs
3 uneHoMm Hawwoi PegakuiiHol konerii, anpeKTopom IHCTUTYTY reponTonorii imeHi [.0. YeboTtapboBa HAMH YkpaiHu, akage-
Mikom B.B. Be3pykoBuMm. AcKpaBa 3ipKa yKpalHCbKOI HayKW Ta HaLLOT MeANYHOI CMiNbHOTK, KA, BipYMO, MPOAOBXUTb CBITUTU
6araTbOM BMPOAOBX JOBrX pokis. R.L.P.

Ha nopo3si 2024 pik, a 3 HUM HOBI OYiKyBaHHSA, NaHW Ta Hagdii. He3Baxatloun Ha yCi BUK/IMKI BilTHW, MU 3aJIULLIAEMOCH Ha MiC-
uAx i npoaoBxKyemo npauoBaTv. CbOrofHi KoxeH yKpaiHelb Ta yKpaiHka 6ayaTb CBOE MaibyTHE NinLLe Y BiflbHI Ta MUPHIN
YKpaiHi i 3 HeTepriHHAM OUiKyt0Tb, WO 2024 pik NprHece Ham AoBrooyikysaHy lNepemory! OToX, He 3ynnHANMOCb! KoxeH Ha
CBOEMY MicLi, i yci pa3om pyxanmoca go Hawoi meTtn! Cnasa YkpaiHi!

3 roBAroko, roAOBHUN PEAQKTOP XKYPHAAY,
npesuAeHT YKpaiHCbKoi acouialii ocTeornoposy,
AOKTOP MEANYHUX HAYK,

npogecop H.B. lburop’esa M
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Mopska peueHseHTam

Penaxiiist BisiuHa 3a nornomory daxiBusm, siki'y 2023 potli perieH3yBasld CTaTTi 4151 KypHajy «binb. Cyrinoou. Xpeber»
(“Bol’, sustavy, pozvono¢nik™). 3ycusuist Ta yac, BUTpadyeHi pelieH3eHTaMM Ha 1110 po0OTY, 0COOJIMBO Y CKPYTHIi /Uist YKpa-
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Prevalence of overweight and obesity,
and associated risk factors in an axial
spondyloarthritis cohort

Abstract. Background. Overweight and obesity are more common in axial spondyloarthritis (axSpA) cohorts
than in the general population. The purpose of this study wase to assess the prevalence of overweight in patients
with axSpA depending on sex and to identify axSpA-related factors, which are positively associated with body
weight (BW). Materials and methods. Study design: a retrospective single-institution case series. Data source:
medical records of patients with axSpA. Nutritional status was categorized by body mass index (BMI) according
to WHO criteria. Results. The data of 142 patients with axSpA (78.2 % men) were analyzed. Weight was positively
associated with: height (p < 0.0001), BASMI > 4 (p < 0.0001), methotrexate treatment (p < 0.000) and cumulative
glucocorticoids (GCs) dose > 1.45 g (p = 0.01), with the relative importance (RI) of each factor of 100, 59, 61, and
24.8 %. The strength of the association between BW and BASMI was attenuated under the influence of the following
confounders: gender (23.7 %), age (20.7 %), height (12.9 %) and strengthened under by the influence of BASDAI > 7
(by 13.7 %) and the duration of GCs therapy (by 11.1 %). Height was negatively associated with female gender
(p < 0.0001) and back pain intensity (p < 0.04). The developed regression models for body weight and height
explained, respectively, 57.8 and 54 % of the variations parameters of patients with axSpA. Conclusions. Prevalence
of overweight in the study sample of Ukrainian axSpA patients is lower than in cohorts outside of Ukraine, but still
significant positive association of BW with spinal mobility limitation, exposure to MTX and high cumulative dose of
GCs provides preliminary evidence their role in pathological weight gain.

Keywords: axial spondyloarthritis; obesity; overweight; risk factors

Introduction

Wide acceptance of the concept that assumes adipose
tissue as “a dynamic endocrine organ” has stimulated stu-
dies of epidemiology and the effects of excessive body weight
(BW) on the course of axial spondyloarthritis (axSpA). They
are mainly focused on identifying the proportion of pa-
tients with a body mass index (BMI) indicative of excessive
adipose tissue and its association with disease parameters.
Although their data regarding correlation between higher
BMI and activity of the pathological process (Bath ankylo-
sing spondylitis disease assessment index (BASDAI), Bath
ankylosing spondylitis functional index (BASFI), ankylo-
sing spondylitis disease activity score (ASDAS), C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR) etc.)
are still inconclusive [1—8]. Most of them reported a higher
prevalence of overweight/obesity in axSpA cohorts com-
pared to the general population. In particular, the propor-

tion of obese patients (based on BMI) was 29.6 % in the
Irish cohort (n = 753) [7], 28.5 % in the Korean cohort
(n=1789) [4], 26 % in the Norwegian cohort (n = 509) [1],
22 % — in the Groningen Leeuwarden cohort (n =461) [5],
and 18.9 % — in the Swiss cohort [6]. Moreover, the cen-
tral form of obesity (assessed by the waist-to-hip ratio) was
registered even higher — 41.3 %, reaching a maximum in
the female subgroup — 71.6 % [7]. Such a frequent asso-
ciation of axSpA with obesity may be indicative of a causal
relationship between chronic autoimmune inflammation in
the axial skeleton and weight gain.

The causes and mechanisms underlying this association
have not been studied in detail until now. Potential factors
of weight gain include, but are obviously not limited to: re-
duced physical activity [10], exposure to certain medica-
tions (glucocorticoids (GCs)) [11—14], nutritional features
of axSpA patients [15, 16]. Furthermore, the decreasing of
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physical activity in axSpA seemed to be also multifactorial
and may be caused by pain in joints and limitation of their
mobility, muscle weakness [17, 18], fatigue [19, 20], depres-
sion and anxiety [21—23].

It should also be taken into account that the value of BMI
as an indicator of overweight and obesity may be compro-
mised in axSpA patients due to spinal deformation and sub-
sequent decreasing of height. According to the report of one
of the research groups [24], patients can lose an average of
3.74 + 1.83 cm (1.0—15.0) of height during the course of the
disease with maximum height reduction registered 10 years
after the onset of symptoms. Under the condition of stable
BW, such a decrease in height led to an average increase in
the BMI by 1.15 kg/m?>.

It is hypothesized, that low physical activity, height re-
duction and medications, that stimulate weight gain, con-
tribute to the change in nutritional status of patients with
axSpA. Therefore, the aims of the present study were: 1) to
assess the prevalence of overweight and obesity in Ukrainian
patients with axSpA depending on sex; 2) identify axSpA-
related factors (disease parameters, linked to low physical
activity, and exposure to specific medication), which are
positively associated with BW and negatively with height.

Materials and methods
Study design, data source and collection

After obtaining Institutional Review Board permission, a
single-center retrospective case series study was conducted using
data from the medical records of axSpA patients in the depart-
ment of noncoronarogenic diseases, rheumatology and therapy
of SI “National Scientific Center named after M.D. Strazhes-
ko, NAMS of Ukraine” in the period 2009—2021.

Medical records were searched by code ICD10: M45.00.
The diagnosis was checked for fulfillment the Assessment of
the SpondyloArthritis International Society (ASAS) crite-
ria for axSpA. For analytic purposes age in years, sex male/
female, BW (kg), height (cm), BMI (kg/m?), age of diag-
nosis in years, axSpA duration in years, HLAB27+ (yes/
no), BASDAI score 0—10, ESR (mm/h), CRP (mg/l),
Bath ankylosing spondylitis metrology index (BASMI)
score 0—10, back pain intensity by visual analog scale (VAS)
(mm), swollen joint count (SJC) — number of joints, tender
joint count (TJC) — number of joints, exposure to specific
drugs for axSpA treatment (nonsteroidal anti-inflammatory
drugs (NSAIDs), sulfasalazine (SSZ), GCs, methotrexate
(MTX)) (yes/no) and treatment parameters (dose (g)/dura-
tion (years)) were collected.

Height/BW measurement accuracy and categorization
of patient’s nutritional status

Measurement accuracy of extracted BW and height data
was to the nearest 1 kg and 1 cm, respectively. Nutritional
status of the patient was categorized on the basis of BMI
value according to World Health Organization (WHO)
recommendations as: underweight — BMI < 18.5 kg/m?,
normal weight — 18.5 < BMI < 24.9 kg/m?, overweight
(pre-obesity) — 25.0 < BMI < 29.9 kg/m?, obesity class I —
30.0 < BMI < 34.9 kg/m?, obesity class II — 35.0 < BMI <
39.9 kg/m?, obesity class I1T — BMI > 40.0 kg/m?>.
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Low physical activity indicators

Standard measures, characterizing the state of mobility
and inflammatory activity in peripheral joints (TJC, SJC)
and axial skeleton (back pain VAS, BASMI), were used, as
indirect indicators of limitation of physical activity in axSpA
patient. BASDAI — a compound patient reported outcome
measure of axSpA activity — was considered as an indicator
of hypodynamia caused by integral influence of such factors
as: joint pain, morning stiffness, and tenderness in joints,
back pain, and fatigue. Upper quartile (Q3) of each para-
meter was utilized in linear regression models as reflecting
maximal impairment of axial skeleton and peripheral joints,
and thus maximal limitation of physical activity.

Statistical analyses

To describe data distributions, we used: mean (M) and
standard deviation (SD), min — max (in case of quantities,
normally distributed data); median (Me) and percentiles
(0.25; 0.75), min — max (for skewed distributions or data
sets with outliers); a frequency (%), 95% Wilson confidence
interval (CI) (for qualitative data). For assessment sex-
subgroup differences a two tailed unpaired t-test (in age/
height/weight/BMI), a Pearson chi-square test (percentage
of nutritional status category, percentage of exposure to spe-
cific anti axSpA drug) and Mann-Whitney U test (in axSpA
parameters, dose and duration of pharmacological thera-
py) were performed. A multiple linear regression analyzes
(backward stepwise approach) was used to investigate fac-
tors associated with BW and height in axSpA patients. This
approach involved gradual elimination explaining variables
with partial F p-value > 0.10 from the saturated model, thus
reducing multicollinearity and overfitting problems. De-
pendent variables were: BW (kg) and height (cm) of axSpA
patients.

The studied independent variables were: height (cm) (in
the model, explaining weight), BW (kg) (in the model ex-
plaining height), age (years), sex (female = 1, male = 0),
axSpA duration (years), back pain VASQ3 (yes =1, no =0),
CRPQ3 (yes =1, no =0), ESRQ3 (yes = 1, no = 0), BAS-
DAIQ3 (yes = 1, no = 0), BASMIQ3 (yes = 1, no = 0),
SJICQ3 (yes=1,n0=0), TICQ3 (yes =1, no =0), NSAIDs
treatment duration in years, NSAIDs treatment duration
Q3 (yes=1,n0=0), GCs dose Q3 (yes = 1, no =0), GCs
treatment duration in years, exposure to MTX (yes = 1,
no = 0), exposure to SSZ (yes = 1, no = 0).

For confounding identification, a difference between the
simple linear regression coefficient and adjusted one was
calculated. Independent variable that caused a change in the
coefficient in either direction by 10 % was judged as con-
founder. A significance level of 0.05 was accepted as suffi-
cient. Statistical analysis was made using statistical software
StatPlus for macOS V8.0 (AnalystSoft Inc.).

Results
Characteristic and comparison of the axSpA sex-based
subgroups

In total, a complete set of demographic, anthropomet-
ric data, axSpA parameters and information as to previous
axSpA therapy was available for 142 patients (with male’s
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predominance — 78.2 %) (Table 1). The comparison of
axSpA sex-based subgroups by anthropometric parameters
revealed that males were on average 15 kg (95% CI: 10.5—
19.5) heavier and 11 cm (95% CI: 9.1-2.9) higher than fe-
males. As a result, in males mean BMI was 2.2 kg/m? (95%
CI: 0.9—3.5) more than that of females. According to the
chi-square test results, underweight status was significantly
more (by 8.8 %) prevalent among females, but subgroups
did not statistically significantly differ by the proportions
of normal nutritional status, overweight and obesity. It is
also noteworthy, that in none of the subgroups there were
subjects with obesity of class II and III (according to WHO
categorization).

The majority of patients from each subgroup was HLA
B27 positive (Table 2), suffered from axSpA for a long time
(the lower quartile of disease duration in male and female
was 2.8 and 3.5 years, respectively), had high disease acti-
vity, according to both BASDAI and serological indica-
tors, and a small number of swollen joints. Subgroups did
not differ significantly on back pain intensity, as well. As to
axSpa sex-specific features, a significantly higher number of

painful joints was typical for females: 50 % of them and only
25 % of males were in the range of TJC 4—16. On the con-
trary, limitations of spinal mobility were statistically signifi-
cantly more common and more pronounced in males: 50 %
of them were in the upper interval of BASMI values 2—8,
compared to 25 % females with 2—6.

Male and female subgroups did not differ statistically sig-
nificantly by the proportions of exposure to specific agents
for the treatment of axSpA (NSAIDs, SSZ, GCs, and MTX)
(Table 3). In both subgroups NSAIDs were most commonly
used drugs (more than 90 % cases), followed by SSZ and
GCs (about a third of cases). MTX was used least often than
other agents.

In the course of multiple linear regression analysis (back-
ward approach) the number of factors, explaining BW, re-
duced from 17 to 9 (Table 4). Of the remaining, Height,
age, sex, very high disease activity (BASDAI > 7), signifi-
cant spinal mobility limitation (BASMI > 4), exposure to
maximal cumulative dose of GCs, GCs therapy duration
and MTX exposure, but not NSAIDs therapy duration
(marginal significance), were statistically significantly as-

Table 1. Demographic, anthropometric characteristics and nutritional status of Ukrainian axSpA patients grouped by sex

Characteristics Male (n =111) Female (n = 31) p
Age, years* 36 +11(18-65) 37 £8(18-59) 0.63
Body weight, kg* 77 £11(53-109) 62 + 12 (50-93) <0.001
Height, cm* 176 £5(162-192) 165 £ 3(160-171) < 0.000001
BMI, kg/m?2* 25.1 +3.0(18.3-36.0) 229+4.0(17.3-35.2) 0.001
Underweight** 0.9 (0.16-4.9) 9.7 (3.36-24.9) 0.009
Normal weight** 71.2(62.2-78.8) 67.7 (50.1-81.4) 0.71
Overweight** 18.9(12.7-27.2) 12.9(5.1-28.9) 0.44
Obesity class [** 9.01 (4.96-15.79) 9.7 (3.36-24.93) 0.9

Notes: BMI — body mass index; * — parameters presented as M =+ SD (min-max); ** — data presented as percentage (95% Cl).

Table 2. Disease-specific characteristics of sex-based subgroups of axSpA patients

Characteristics Males (n =111) Females (n = 31) p
Age, years* 29(23;37)(17-56) 32(25; 38) (18-58) 0.47
HLA B27+** 88.23(80.92-92.98) 80.65 (63.73-90.82) 0.27
DD, years* 5(2.8;10) (0.5-26) 5(3.5; 6) (0.8-28) 0.51
BASDAI, units* 6(4.3;7.1) (2-10) 6(4.5;7.1) (4-10) 0.58
LBP VAS, units* 70 (58; 80) (20-100) 70 (50; 80) (40-100) 0.6
CRP, mg/L* 9.75(5; 18.16) (1-107) 9.18 (5;9.9) (3-19) 0.21
ESR, mm/hour* 17 (8; 30) (2-119) 15 (8; 26) (3—-45) 0.57
SJC+* 1(0; 3) (0-14) 2(0;3) (0-8) 0.28
TIC+* 2(0;4)(0-16) 4(2;7)(0-16) 0.006
BASMI* 2(1; 4) (0-8) 1(0; 2) (0-6) 0.004

Notes: HLA B27 — human leukocyte antigen B27; DD — disease duration; BASDAI — Bath ankylosing spondylitis disease assessment
index; LBP VAS — low back pain visual analog scale; CRP — C-reactive protein; ESR — erythrocyte sedimentation rate; SJC — swollen
joint count; TJC — tender joint count; BASMI — Bath ankylosing spondylitis metrology index; * — parameters presented as median,
percentiles (0.25; 0.75), and min-max values; ** — parameters presented as percentage (95% Cl).
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sociated with BW of Ukrainian axSpA patients. For height,
age, BASMI > 4, GCs dose Q3 and exposure to MTX as-
sociation was positive, for sex, GCs therapy duration and
BASDALI > 7 — negative.

According to t-statistic values, height was the most sig-
nificant independent variable, followed by duration of GCs
therapy, exposure to MTX and then low spinal mobility. This
was confirmed by the proportion of variance of the weight
accounted for by each factor (Fig. 1). In the multiple regres-
sion model the coefficient, associated with low spinal mobi-
lity, was 6.84, suggesting that patients in the upper quartile of
spinal mobility limitation (BASMI > 4) weighed an average
of 6.84 kg more than other members of this sample popula-
tion. In the simple linear regression model (a scatter plot,
showing positive linear relationship between BW and spinal
mobility limitation, presented on Fig. 2) this coefficient was
bigger: expected BW =71.74 + 8.11 x BASMIQ3, indicating
the effect of confounders. In fact, the magnitude of associa-
tion between spinal mobility limitation and BW was reduced
by sex (by 23.7 %), age (by 20.3 %), height (by 12.9 %),
and enhanced by maximal activity of axSpA (BASDAI > 7)

(by 13.7 %), duration of GCs therapy (by 11.1 %). Patients
treated with MTX or with maximum cumulative dose of
GCs weighed an average of 8.49 and 5.2 kg more, respec-
tively, than other members of the sample population. On the
contrary, each additional month of GCs therapy was associ-
ated with average 2.3 kg weight reduction and individuals
from upper quartile of axSpA activity by BASDAI weighted
an average of 3.42 kg less than others. Resulting multiple
regression model was statistically significant (F = 19.65;
p = 0.0001), did not suffer from multicollinearity problems
and explained 57.4 % (R>= 0.574) of weight variation in the
sample population of axSpA Ukrainian patients.

Association between height and multiple factors
in the patients with axSpA

After elimination of variables with partial F p-value
greater or equal to 0.10, the final regression model for height
included the following factors: weight, sex, back pain inten-
sity and exposure to SSZ (Table 5). All of them were statis-
tically significantly associated with height: weight and ex-
posure to SSZ — positively and the other two — negatively.

Table 3. Previous treatment of axSpA in sex-based subgroups

Therapy parameters Males Females p
Treated by NSAIDs** 91.89 (85.3-95.67) 93.55(79.28-98.21) 0.76
Treated by GCs** 36.04 (27.68-45.26) 29.03 (16.07-46.56) 0.47
Total treatment GCs, duration, years* 0(0;1)(0-12) 0(0; 0.38) (0-13) 0.21
Cumulative GCs dose, g* 0(0; 1.45) (0-32.85) 0(0; 0.91) (0-23.70) 0.43
Treated by SSZ** 28.83(21.22-37.85) 41.94 (26.42-59.24) 0.11
Total SSZ treatment duration, years* 0(0;0.23) (0-9) 0(0;0.7) (0-6) 0.2
Total SSZ treatment dose, g* 0(0;1)(0-3) 0(0;2)(0-3) 0.07
Treated by MTX** 16.22 (10.51-24.19) 9.68 (3.35-24.9) 0.36

Notes: NSAIDs — non-steroidal anti-inflammatory drugs; GCs — glucocorticoids; SSZ — sulfasalazine; MTX — methotrexate; * —
parameters presented as median, percentiles (0.25; 0.75), and min-max values; ** — parameters presented as percentage (95% Cl).

Table 4. The best regression equation for BW in the sample population of Ukrainian patients with axSpA

Variable Coefficient SE t-statistic p VIF 95% CI

Height, cm 0.73 0.15 5.0 0.000 1.77 0.43-1.03
Age, years 0.19 0.08 -2.53 0.013 1.2 0.03-0.35
Sex, female -6.1 2.3 -2.66 0.009 1.78 -10.7...-1.5
BASDAI > 7 -3.42 1.7 -2.02 0.045 1.22 -6.82...0.02
BASMI > 4 6.84 1.77 3.87 0.000 1.26 3.3-10.38
GCsdose>1.45¢g 5.2 2.07 251 0.013 1.57 1.06-9.34
GCs duration, years -2.3 0.49 -4.73 0.000 1.63 -3.28...-1.32
NSAIDs duration, years 0.38 0.2 1.95 0.054 1.22 -0.02...0.78
MTX prescription 8.49 2.2 3.94 0.000 1.15 4.09-12.89
Intercept -60.61

Notes: BASDAI — Bath ankylosing spondylitis disease assessment index; BASMI — Bath ankylosing spondylitis metrology index;
GCs — glucocorticoids; NSAIDs — non-steroidal anti-inflammatory drugs; MTX — methotrexate; C| — confidence interval; SE —
standard error; VIF — variance inflation factor.
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height reduction. The present retro-
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Figure 1. Relative importance of factors, explaining body variance

in Ukrainian axSpA patients

The current model was statistically significant (F = 40.37;
p = 0.000) explained 54 % of height variation (R?> = 0.54) in
the study sample of Ukrainian axSpA patients.

Discussion

Identifying the pathogenetic mechanisms of the high
prevalence of overweight and obesity in patients with
axSpA is critical not only to address their common prob-
lem of increased cardiovascular mortality [25], but also to
develop effective tools for modifying this disabling autoim-
mune disease. In fact, this task is a complicated by multi-
factorial nature of weight gain (PA, diet, medication intake,
psycho-emotional state, etc.), and by possible distortion of
reliability of BMI as an indicator of nutritional status due
to pathological remodeling of the spine and subsequent
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Figure 2. A scatter plot showing a positive linear relationship
between BW and spinal mobility limitation, as an indicator
of low physical activity in Ukrainian axSpA patients
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PA in this study.

Among our most important fin-
dings: identification that considerable
proportions of Ukrainian axSpA patients (27.9 % of males
and 22.6 % of females) are overweight and obese; reveal-
ing that low spinal mobility and exposure to MTX and high
cumulative dose of GCs are possible contributors to weight
gain, with relative to height importance of 59, 61.3, 24.8 %,
respectively; confirmation of BMI as reliable indicator of
nutritional status in axSpA patients regardless disease dura-
tion.

In the study sample of 142 Ukrainian patients with
axSpA a wide variation of BW was found in both sub-
groups (the 95% range in males was 44 kg, in females —
48 kg). Height variation was almost twice wider in males
than in females: 20 versus 12 cm. According to BMI,
9 % (4.96—15.79) of males and 9.7 % (3.36—24.93) of
females were obese, while 18.9 % (12.72—27.2) of males
and 12.9 % (5.13—28.85) of females were overweight. Sex
differences in the prevalence of both excessive nutritional
statuses did not reach statistical significance. Moreover,
in none of the subgroups there were subjects affected by
degree 2 and 3 obesity. Our estimate of the prevalence of
overweight and obesity is lower than those reported for
most axSpA cohorts outside of Ukraine. This can be ex-
plained by several reasons. First, the relatively small size
of the Ukrainian sample population, which gives quite
wide 95% confidence intervals (especially for females)
covering the prevalence estimates obtained in other co-
horts. Second, because of the difference in BMI thre-
sholds used to categorize nutritional status. For example,
in a study of the Asian population [4], overweight was de-
fined as BMI > 23 kg/m?, and obesity as BMI > 25 kg/m?.
And third, by possible geographic differences according
to the PROOF data provided novel insights into the diffe-
rences in the clinical presentation of axSpA across various
geographic regions [26], except in diet or PA.

A multiple regression analyses revealed that BW of
Ukrainian axSpA patients was positively associated with
the following factors: height (p = 0.000); age (p = 0.013);
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significant spinal mobility limitation (BASMI > 4)
(p = 0.000); exposure to cumulative dose of GCs > 1.45 g
(p = 0.013); exposure to MTX (p = 0.000) and negatively
with GCs therapy duration (0.000), female sex (p = 0.009);
very high disease activity (BASDAI > 7) (p = 0.045).
Height was the most important factor explaining variation
of BW (RI = 100 %), followed by GCs therapy duration
(RI = 89.1 %), exposure to MTX (RI = 61.3 %) and then
low spinal mobility (RI = 59 %). Female sex, age, expo-
sure to maximal cumulative dose of GCs and activity by
BASDAI > 7 were among the factors with much smaller
RI: 27.7, 25.3, 24.8, and 15.7 %, respectively. According
to the developed model for weight, patients in upper quar-
tile of spinal mobility limitation (BASMI > 4) weighed
6.84 kg more than the others. The magnitude of the asso-
ciation was decreased by female sex (23.7 %), age (20.7 %),
height (12.9 %) and increased by axSpA activity > 7 and
duration of GCs therapy. Other researchers [4] previously
found a positive association between BMI and worse func-
tional state by BASFI, on the one hand, and the presence of
structural changes in the axial skeleton (syndesmophytes),
on the other, but explained these findings by the negative
impact of excessive weight on the course of disease. It was
also reported that disc degeneration of lumbar spine caused
an increase in BASFI and BASMI scores [28, 29]. Though,
all of these findings are in line with the pathogenetic se-
quence: autoimmune inflammation — structural changes
in the axial skeleton — spinal mobility limitation — de-
crease in PA — reduction of energy expenditure — weight
gain. It is noteworthy that the measures of the peripheral
joints impairment (TJC, SJC) were eliminated from the
model. We explain this by the fact that movements provided
by peripheral joints are less energy-consuming than those
supplied by the sacroiliac joints and lumbar spine. Indeed,
the last two play an important role in walking, keeping pos-
ture, changing body position (lying — standing — sitting)
and direction of locomotion [27]. Interestingly, intense of
low back pain was also not associated with body weight,
presumably indicating that, this symptom does not signifi-
cantly limit the patient's mobility.

Weight gain as a side effect of medications is a signifi-
cant problem in management various diseases. This effect
has been demonstrated for a wide range of drugs including
GCs and MTX [11—14]. According to our model, patients
who exposed to MTX or a cumulative dose of GCs > 1.45¢g

weighed on average 8.5 and 5.2 kg more than others. It should
be noted that the relative effect of MTX on body weight was
greater than that of the use of GCs in a dose > 1.45 g. This
is important finding because a large proportions of axSpA
patients were treated with these drugs (34.5 % with GCs and
14.8 % with MTX). We found two reports confirming weight
gain effect of GCs in axSpA population. Particularly, in
COBRA-AS study [31], a step-down regimen of oral pred-
nisolone during 12 week (cumulative dose 1.44 g) resulted
in statistically significantly mean increase of weight gain of
1.2 £ 1.8 kg compared to 0.30 + 0.88 kg in placebo. Ho-
wever, at week 24 (cumulative dose 1.86 g), active and place-
bo groups did not differ significantly (p = 0.7): 1.7 £ 2.0 kg
versus 1.4 (2.5) kg. Interestingly, in a retrospective analysis
of safety of low-dose GCs in 555 patients with ankylosing
spondylitis [32], the risk of weight gain was low — 1.1 %.
It is important that in both studies along with GCs patients
received NSAIDs, and additionally in [32] SSZ, MTX, aza-
thioprine, thalidomide and herbal extracts.

The ability of MTX to induce weight gain was already
shown in patients with rheumatoid arthritis, which were
treated with this drug for 6 months [33]. Furthermore, ac-
cording to analysis [13] of FDA Adverse event reporting
system 1.89 % out of 137,370 weight gain complaints were
associated with the use MTX. It should be noted that this
effect on weight was registered under the condition of “fixa-
tion” of the disease activity factor (BASDALI).

The highly reliable negative association of BW with the
duration of GCs treatment was the most difficult pheno-
mena to interpret. It is known that GCs can cause lipoly-
sis, but this effect is observed with short-term administra-
tion. On the contrary, long-term use contributes to weight
gain. Alternatively, it can be assumed that patients with
lower BW received treatment with GCs for a longer time.
In any case, this phenomenon needs to be further inves-
tigated [34].

Finally, neither DD nor BASMI as an indicator of spi-
nal mobility limitation were included in the model explai-
ning height, despite the fact that the majority of the stud-
ied population consisted of persons with a long course of
the disease (75 % of males and 75 % of females were > 2.8
years). This fact allows us to conclude that BMI was not suf-
ficiently affected by axSpA related factors and it can be used
as an indicator of nutritional status even in long-term di-
sease. The height model did not include age as a predictor,

Table 5. The best regression equation for height in the sample population of Ukrainian patients with axSpA

Variable Coefficient SE t-statistic p VIF 95% ClI
Weight, kg 0.18 0.03 5.131 0.000 1.32 0.12-0.24
Sex, female -7.66 1.07 -7.195 0.000 1.35 -9.8...-5.52
LBP VAS 80 mm -1.68 0.8 -2.101 0.037 1.04 -3.28...-0.08
SSZ (yes) 1.72 0.84 2.043 0.043 1.05 0.04-3.40
Intercept 161.87

Notes: LBP VAS — low back pain visual analog scale; SSZ — sulfasalazine; Cl — confidence interval; SE — standard error; VIF —
variance inflation factor.

Tom 13, N2 4, 2023

www.mif-ua.com, http://pjs.zaslavsky.com.ua




OpwriHanbHi gocnigkeHHs / Original Researches

since age-related reduction in height starts in the age group
45—50 years [35] and the mean age in the male and female
sub-groups was 36 and 37 years, respectively.

To our knowledge, this is the first time that independent
models for BW and height in axSpA patients were deve-
loped. Our models explain 57.4 % of BW variance and 54 %
of height variance, and is not compromised by multicol-
linearity problem.

Our study has all the limitations typical for a retrospec-
tive case series analysis. In particular, it depended on avai-
lability and accuracy of the medical records, associated with
selection bias and was uncontrolled. It should also be noted
that the associations revealed by the regression analysis do
not indicate the presence of a causal relationship. Moreover,
due to the lack of data, such important explanatory variables
as dietary characteristics, social status, level of education,
PA, psycho-emotional state etc. were not included in the re-
gression model for weight.

Conclusions

Prevalence of overweight and obesity in the study sam-
ple of Ukrainian axSpA patients is lower than in cohorts
outside of Ukraine, but still considerable. The positive
association of body weight with spinal mobility limita-
tion (an indicator of low physical activity in this study),
exposure to methotrexate and high cumulative dose of
glucocorticoids provides preliminary evidence their role
in pathological weight gain. BMI is a reliable indicator of
nutritional status of patients with axSpA regardless disease
duration. Longitudinal studies of BW and height changes
with involvement large study samples of axSpA patients
are mandatory.
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MowunpeHicTb HaAMipHOT MacK Tina 1 OXKMPiHHA Ta NOB’'A3aHI
3 HUMM paKTopy PN3NKY B NALIEHTIB 3 aKCiaIbHUM CNTOHANNOAPTPUTOM

Pe3tome. Axkmyaavnicmo. Hanmipna maca tina (MT) Ta oxupin-
H$I YacTillle 3yCTpivaloThCsl B MALIIEHTIB 3 aKCialbHUM CIIOHAWIO-
aprputoM (akcCrA), HixX y 3araibHiii monyssiii. Mema: ouinu-
TH TIOLIUPEHICTh HaaMipHOT MT/okupiHHs B manieHTiB 3 akcCnA
3aJIeXKHO BiJl CTaTi Ta BUSIBUTU YMHHUKU 3 O0KY akcCIA, sIKi mo-
3UTHBHO acouioTscs 3 MT. Mamepiaau ma memoodu. Iposeie-
HO PETPOCTIEKTUBHUIA OJHOLIEHTPOBUI aHAJi3 JaHUX iCTOPil XBO-
pobu Ta aMOyJIaTOPHMX KapT nauieHTiB 3 akcCnA. HyrputuBHMii
CTaTyC OLIHIOBAJIM 3a iHAEKCOM MacH TiJla BiIITOBIIHO 10 KpHUTe-
piie BOO3. Pesyavmamu. TpoaHanizoBaHo maHi 142 maiiieHTiB
3 akcCnA (78,2 % donogiki). MT Oy/a MO3UTHBHO TMOB’s13aHa
3i 3poctom (p < 0,0001), aktusHicTiIO akcCnA (BASMI > 4)
(p <0,0001), nikyBanHssMm MeToTpekcaToM (p < 0,000) Ta Kymysns-
TUBHOIO 103010 rokokoptukoinis (I'K) > 1,45 (p =0,01), 3 Bin-
MOBITHOIO BiTHOCHOIO BaXKJIMBICTIO KOXHOTO (hakropa 100, 59, 61
Ta 24,8 % BignosigHo. Cwua 38’s13Ky Mixk MT Ta HM3bKUM iHIEK-

coM pyxyimBocTi (3a BASMI) 6yna ocnabieHa min BIUIMBOM TaKUX
(akTopiB-koH(DayHaepiB, K crarh (23,7 %), Bik (20,7 %), 3picT
(12,9 %), i minBuIyBaTaCs i/ BIUIMBOM HACTYITHUX YNHHUKIB: aK-
TtuBHicTh aKcCnA (BASDAI > 7) (Ha 13,7 %) Ta TpuBajicThb Tepa-
mii 'K (#a 11,1 %). 3pict OyB HEraTUBHO MOB’SI3aHUIA i3 XKIHOYOKO
crartio (p < 0,0001) Ta inTeHCUBHIicTIO 600 B criuHi (p < 0,04).
Po3pobiieni perpeciiiii Moaesi Macu Tijla Ta 3pOCTy MOSICHIOBAJIU
BianosinHo 57,8 Ta 54 % Bapialliii Bule3a3HAYEHUX TTApaMeTpiB
y nauieHTiB 3 akcCnA. Bucrnoexu. Iommpenicts HagmipHoi MT/
OXMPIHHS B JOCHIAXKYBaHiil BUOipLi 3 akcCnA HUXYa, HIX Y KO-
roprax 3a MexaMu YKpaiHu, aje € 3HauHolo. [To3uTuBHa acollia-
IIist MiXK Maco¥o TiJia Ta 00MEXXEHHSIM PyXJIMBOCTi XpeOTa, BIUITMBOM
METOTpPEKCaTy Ta BUCOKOIO KyMYJIATUBHOIO 03010 'K Hamae mo-
TMepeaHi 10Ka3u iX poJii B MaTOJOTiYHOMY 30iIbIIEHHI Baru.
Kii090Bi c10Ba: akcianbHuii CHOHAMIOAPTPUT; OXMPiHHS;
HaaMipHa Bara; (pakTopu pusuKy
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Bone mineral density and Trabecular
Bone Score in patients with kidney stone disease

Abstract. Background. With the dynamics of the aging of the global population, leading places in the struc-
ture of age-related diseases are occupied by osteoporosis (OP), which is characterized by low-energy fractures
due to decrease of bone mineral density (BMD). One of OP reasons is insufficient calcium intake due to the fear of
kidney stones disease (KSD) formation. The aim of the research was the assessment of the BMD, Trabecular Bone
Score (TBS) of patients depending on KSD. Materials and methods. Eighty patients took part in the study, 14 men
(17.5 %) and 66 women (82.5 %). First group consisted of 48 patients with KSD (women — 34 (70.83 %), men —
14 (29.17 %), average age 55.5 [IQR 51.5-62.5] years), second one included 32 subjects (women 31 (96.88 %), men —
1 (3.12 %), median age 63.2 [IQR 58.8-67.4] years) without nephrolithiasis. We analyzed parameters of dual energy
X-ray absorptiometry (Hologic Discovery device). The TBS iNsight method was used to assess the TBS. Results.
The detection of KSD increased from 16.25 % (on the basis of the disease diagnosed in the anamnesis) to 49.25 %
(after additional ultrasound examination). BMD indices in patients with nephrolithiasis did not differ from the para-
meters of people without CKD, while TBS was significantly lower. Conclusions. Nephrolithiasis is an underdiag-
nosed problem, especially in BMD screening. In patients with KSD, TBS a significant lower compare with subjects
without nephrolithiasis. The obtained data require a detailed study of the possible causes and connections of BMD

disorders in patients with KSD.
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Introduction

The current demographic state of the planet is aging. Be-
tween 2000 and 2050, the proportion of the world’s popu-
lation aged 60 and over will double, while the proportion
of subjects aged 80 and over will almost quadruple [1]. At
the beginning of the next decade, worldwide, for every 100
people aged 15—64, there will be 14.4 men aged 65 and over.
The WHO projects that this so-called “elderly” dependency
ratio will increase dramatically during the 21 century. By
2030, the global ratio is projected to be 18 elderly subjects per
100 working people, which is projected to increase to 25.2
and 37.6 per 100 by 2050 and 2100, respectively. The current
world population of 7.7 billion is projected to grow to 8.5,
9.7, and 10.9 billion by 2030, 2050, and 2100, respectively
[2]. Such a trend raises the question of the need to consider
the structure of the morbidity of the elderly population since
the treatment of complications is a burden on the health-

care system. The leading place in the structure of morbidity
and mortality, along with cardiovascular and tumor diseases
is osteoporosis (decreased bone mineral density (BMD)).
The pathogenesis of primary age-dependent osteoporosis
is caused by general mechanisms of aging, however, for se-
condary osteoporosis more and more mechanisms are being
discovered that cause a violation of BMD or changes in the
quality of bone tissue. Both consequences increase the risk
of low-energy bone fractures in patients of young working
age, which translates this problem into a medico-social |3,
4]. Therefore, in the prevention of both primary and secon-
dary osteoporosis, it is extremely important to identify all risk
factors that affect the reduction of BMD. Among the main
non-modifiable risk factors, such as age, sex, and heredity,
some factors are significant and extremely simple in terms of
correction — these are limiting alcohol consumption, smo-
king, increasing physical activity, and daily calcium intake.
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According to data published on the website of the In-
ternational Osteoporosis Foundation, according to an
analysis of 74 countries for which data are available, the
average national dietary intake of calcium ranged from
175 to 1,233 mg/day. In many Asian countries, the average
dietary calcium intake is less than 500 mg/day. African
and South American countries mostly have a low calcium
intake of about 400 to 700 mg/day. Only in the countries
of Northern Europe, the national consumption of calcium
exceeded 1,000 mg/day. Average calcium intake is gene-
rally lower in women than in men, but there are no clear
patterns in relative calcium intake across countries by age,
sex, or socio-economic status. The global calcium map
shows that many countries have low average levels of cal-
cium intake [5]. The fear of both patients and doctors re-
garding possible side effects, such as kidney stone disease
(KSD) is one of the main reasons for low calcium intake.
However, modern recommendations of the European As-
sociation of Urology indicate that the daily calcium re-
quirement for an adult is 1,000 mg per day. Moreover,
conditions such as oxalaturia even require the inclusion
of calcium supplements in therapy [6]. However, informa-
tion about the BMD in patients with KSD in modern li-
terature is quite limited.

The purpose of the research was to conduct a compara-
tive assessment of the BMD and TBS in patients depending
on KSD.

Materials and methods

The study was conducted based on the Urology Depart-
ment of the Bogomolets National Medical University, Kyiv
(Oleksandrivska Clinical Hospital, Kyiv), Department of
Urology, Kyiv Regional Clinical Hospital, Kyiv, Ukraine,
Medical Center “Arensia Exploratory Medicine” according
to the scientific work of the Urology Department “Deve-
lopment of personalized approaches to stenting of the up-
per urinary tract during endoscopic treatment of uretero-
lithiasis”. All participants signed the appropriate form of
informed consent.

Population

80 patients took part in the study, 14 men (17.5 %)
and 64 women (82.5 %) among them. The median age
of the patients was 58 [IQR 49—64] years; the median
duration of menopause in women was 12 [IQR 5-20]
years.

21 participants (26.3 %) were diagnosed with KSD be-
fore inclusion in the study, 10 men (12.5 %) and 11 women
(13.7 %) among them. After a comprehensive examination,
the diagnosis of KSD was additionally confirmed in 27 pa-
tients (33.75 %), 2 men (2.5 %), and 25 women (31.25 %)
and amounted to 48 cases (60 %).

All participants were divided into 2 groups. The first
group consisted of the subjects with KSD (48 patients, 34
(70.83 %) women, and 14 (29.17 %) men, average age 55.5
[TQR 51.5—62.5] years). The median duration of menopause
in women was 12 [IQR 5—18] years. The second group in-
cluded the subjects without KSD (32 persons, 31 (96.88 %)
women, and 1 (3.12 %) man, median age 63.2 [IQR 58.8—
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67.4] years). The median duration of menopause in females
was 17 [IQR 8—20] years.

Methods

The diagnosis of KSD was established based on the cri-
teria according to the recommendations of the European
Association of Urology in 2023 [6] using a questionnaire,
about awareness of the presence of urolithiasis in their past
medical history, conducting an ultrasound examination of
the kidneys, and computed tomography with contrast (if
urolithiasis was detected).

The study did not include patients with a chronic disease
with a glomerular filtration rate calculated using the CKD-
EPI formula approved by the KDIGO 2013 recommenda-
tions (GFR < 60 ml/min/1.73 m?).

Assessment of the BMD and TBS was carried out based
on the Ukrainian Osteoporosis Center and Department of
Clinical Physiology and Pathology of Locomotion Appara-
tus of the State Institution “Institute of Gerontology named
after D.F. Chebotarev of the National Academy of Medical
Sciences of Ukraine”, Kyiv, Ukraine (Chief of the Depart-
ment Prof. N.V. Grygorieva).

Dual X-ray absorptiometry (DXA) was performed on
the Hologic Discovery device. The following indices were
evaluated: BMD (g/cm?) of the lumbar spine, right and
left femoral necks, ultradistal radius. The degree of BMD
impairment was assessed by the T-score, which is the de-
viation from the reference value of the peak bone mass
of a healthy person. According to the IOF recommen-
dations in postmenopausal women the T-criterion from
—1 to —2.5 SD is considered as osteopenia, a decreased
T-score < —2.5 SD as osteoporosis. The TBS iNsight
method, developed by Medimaps (Bordeaux, France), was
used to assess the bone tissue quality (TBS, units). This
is bone microarchitecture visualization software for DXA.
The analysis of this index is based on the variation of gray
shades and the amplitude of the pixel density of the X-ray
image (https://www.medimapsgroup.com/tbs-osteo-re-
duce-fracture-risk) [9].

Statistical analysis

Data processing was carried out using MS Excel and
Statistica EZR version 1.62-2023 statistical programs.
The Shapiro-Wilk W test was used to test the distribution
for normality. The frequency of quantitative indices was
indicated in absolute (n) and relative (%) frequencies. The
quantitative indices are presented in the form of median
(Me) for variables with a distribution that was different
from the normal one and the interquartile range [IQR] of
QI + QIII indices. The Mann-Whitney U test was used
to assess differences between groups. The difference be-
tween the groups was considered statistically significant at
p <0.05.

Results

According to the questionnaire at the beginning of the
study, KSD was established in 13 patients (16.25 %, 9 men
(11.25 %) and 4 women (5 %)). A much higher prevalence of
KSD was revealed after an additional examination, as shown
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above (48 patients, 34 (70.83 %) women, and 14 (29.17 %)
men among them).

In the general group BMD within the normal range was
established in 22 subjects (26.25 %, 14 women (66.6 %)
and 8 men (33.3 %) among them). Osteopenia was found
in 29 patients (36.25 %, 25 women (86.2 %), and 4 men
(13.7 %)).

Dividing the groups depending on the presence of
KSD in the first group normal BMD was observed in 11
patients out of 48 (22.9 %, 4 women (8.33 %) and 7 men
(14.58 %)). BMD abnormalities within osteopenia were
found in 16 patients (35.5 %, 12 women (75 %), and 4
men (25 %) among them). Osteoporosis was diagnosed in
20 patients (41.6 %, 17 women (85 %) and 3 men (15 %)
among them). The results compared the BMD in groups
are shown in Table 1.

In the second group, 10 subjects out of 32 (31.25 %)
had normal BMD parameters (9 women (28.12 %) and 1
man (3.12 %)). BMD abnormalities within osteopenia were
found in 13 patients (43.62 %), all of whom were women.
Osteoporosis was diagnosed in 9 subjects (28.1 %), all of
whom were women. BMD indices of the lumbar spine, hip,
femoral neck, and ultradistal radius did not differ between
groups.

The TBS was significantly lower in patients with KSD
in comparison with the index of the subjects without KSD
(Fig. 1).

Discussion

The results of our study indicate that the frequency of
KSD is the most widespread compared to the diagnosed
cases after the occurrence of renal colic, which is confirmed
after additional research methods (first study group). Ta-
king into account the presence of one of the important rea-
sons for the insufficient use of calcium-containing products
and supplements is the fear of provoking nephrolithiasis,
the study of BMD is a very important aspect of metaphy-
laxis. Some research results suggest that a higher BM D may

contribute to a reduction in the formation of KSD [10].
Therefore, to achieve this goal, it is recommended to in-
clude calcium-containing drugs and food products in the
daily diet. At the same time, calciuria is one of the frequent
causes of nephrolithiasis and is associated with a decrease
in BMD, and its absence is associated with a lower risk of
fractures and a higher BMD [11]. Violation of calcium ho-
meostasis is one of the leading links in the pathogenesis of
some pathology, such as osteoporosis, nephrolithiasis, and
is associated with cardiovascular pathology (vascular calci-
fication and arrhythmias) [12]. Questionnaires conducted
in research indicate an association between low calcium in-
take and increased calciuria [13]. Insufficient consumption
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Figure 1. Comparison of TBS in patients with and without KSD

Notes: interval estimation of the average values of TBS (the ave-
rage value, the error of the average and the 95% probable inter-
val of the average are indicated); * — significant difference be-
tween the indicators, p < 0.05.

Table 1. Comparison of BMD indices in patients with and without KSD, Me (QI + Qlll)

Parameters

Group |

Group Il

BMDL,-L,, g/m?

0.923[0.815-0.995]

1.035[0.959-1.12]

T-score, SD

-1.4[-2.1... -0.6]

-0.1[-0.8...0.9]

Z-score, SD

-0.2[-1.4...0.8]

0[-0.75...0.9]

BMD hip right, g/m?

0.693[0.625-0.835]

0.814[0.754-0.953]

T-score, SD

-1.6[-2.1... -0.6]

0.05[-0.95... -1.4]

Z-score, SD

-0.3[-1... 0.4]

0.8[-0.5...1.35]

BMD hip left, g/m?

0.718[0.612-0.833]

0.856[0.753-0.936]

T-score, SD

~1.2[-2.1... -0.5]

0.1[-0.85...0.8]

Z-score, SD

-0.4[-0.9...0.4]

-0.25[-0.8... 1]

BMD radius, g/m?

0.646[0.57-0.729]

0.699 [0.680-0.711]

T-score, SD

-1.4[-2.4... -0.6]

0.1[-0.4...0.25]

Z-score, SD

-0.2[-1.2...0.6]

0.1[-0.25...0.35]
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of calcium-containing products is also associated with oxa-
laturia, which is a fairly common cause of nephrolithiasis.
Application of the salts citrate and calcium is mandatory for
their correction [14]. The results of the clinical researcher’s
data indicate the necessity more thorough study of risk fac-
tors for the reduction of decreasing BMD, such as calcula-
ting daily calcium intake, the prevalence of KSD, and its
causes.

Therefore, in our study, the state of BMD in patients with
already diagnosed nephrolithiasis was studied. The results
showed that the detectability of KSD is insufficient because,
at the time of inclusion in the study, the presence of KSD
was confirmed by anamnesis in 13 patients (16.25 %, 9 men
(11.25 %) and 4 women (5 %)). However, during a more de-
tailed additional examination, a much higher prevalence of
microlithiasis was revealed, which was, as shown above, 48
patients (almost 49.25 % of the total group). The percen-
tage increased due to women 34 (70.83 %), while the per-
centage of men remained almost as at the initial stage — 14
(29.17 %).

When examining the state of BMD, it was established
that normal densitometry dates were comparable in both
groups (31.25 % in persons without KSD and 22.9 % in
patients with nephrolithiasis, p > 0.05). Cases of osteo-
penia were observed in the majority of patients with KSD
(40.62 %, all of whom were women) compared to the ab-
sence of nephrolithiasis (33.3 %, p < 0.05, where the majo-
rity were also represented by women (75 %)). Osteoporosis
prevailed in patients with KSD compared to those without
it (43.8 and 28.1 %, respectively, p < 0.05) and was also
characteristic of women (86.4 %). According to the results
of densitometry, BMD in patients with nephrolithiasis was
decreased, but with a statistically insignificant difference.
At the same time, the TBS which reflected bone quality
was significantly lower in patients with established KSD. A
decrease in the quality of bone tissue has been confirmed
in studies in patients with chronic kidney disease (CKD)
stage 4 [15]. However, our study did not include patients
with GFR < 60 ml/min/1.73 m?. According to the recent
recommendation [16], TBS evaluation should be used in
combination with BMD and clinical risk factors. The TBS
technique should be used more widely as it can predict fra-
gility fractures regardless of BMD and clinical risk factors
(including FRAX), for example, CKD [17]. Deterioration
of kidney function can lead to metabolic disorders of bone
tissue, which also alter bone microarchitecture, which is
more common in secondary hyperparathyroidism [18].
Secondary hyperparathyroidism in kidney diseases is often
caused by impaired vitamin D metabolism [19]. Therefore,
in the study group, it would be necessary to study its level,
as well as the level of bone metabolism markers [20]. Ano-
ther retrospective cohort study was conducted in a group
of 531,431 patients with KSD. About 23.6 % with KSD
had a previous diagnosis of osteoporosis or fracture. In
patients without a history of osteoporosis or BMD assess-
ment before a kidney stone diagnosis, 9.1 % were screened
with DXA after their kidney stone diagnosis, of which
20 % were subsequently diagnosed with osteoporosis [21].
To compare with our results, we can confirm more wide-
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spread BMD disorders: 40.62 % osteopenia and 43.8 %
osteoporosis in the KSD group versus 33.3 % osteopenia
and 28.1 % osteoporosis in the subjects without nephro-
lithiasis. Our study is also distinguished by the ability to
determine the quality of bone tissue — TBS. It is very in-
teresting to clarify the reason for those changes. Some re-
search revealed attenuation BMD in idiopathic hypercal-
ciuria [22]. Thus, the data obtained from our study require
further study of the causes and mechanisms of bone tissue
quality disorders, determination salts excretion in patients
with urolithiasis.

Limitations of the study. The limitations are related to
the characteristics of the sample: a significant preponde-
rance of women in the study (80 %) and a relatively small
sample size (80 participants).

Conclusions

The prevalence of nephrolithiasis seems to be an under-
estimated problem — in our work, an asymptomatic course
was identified in an additional 33 % of cases after a compre-
hensive examination. Therefore, it is very important to con-
duct an ultrasound examination of the kidneys, especially
before diagnosing BMD, to formulate recommendations for
correcting disorders taking into account the detected neph-
rolithiasis. In patients with KSD, a significant decrease of
bone quality index without a difference in BMD was found
compared with the subjects without nephrolithiasis. These
data require detailed future studies of the possible common
causes of the development of both bone disorders and neph-
rolithiasis.
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MiHepanbHa WiNbHICTb Ta AKICTb KiCTKOBOI TKAHNHW B NaLli€EHTIB
i3 ceuokam’aiHOI0 XBOpO6GOIO

Pe3tome. Axmyaavnicmo. B ymoBax nMHaMiKyu cTapiHHS Hace-
JIGHHSI CBITY TPOBIiIHI MicCLIsl B CTPYKTYpi BiKOBUX 3aXBOPIOBaHb
MOCIiIa€ OCTEONOpPO3, 1110 XapaKTepU3y€EThCs HU3bKOCHEPIreTUY -
HUMU TIepeIoMaMU BHACHIZOK 3HMKEHHSI MiHEpaJbHOI IiJib-
HocTi KictkoBoi TKaHuHU (MIIKT). OnHieo 3 mpuUYKMH OCTEO-
MOpO3y € HEJOCTATHE CIOXMBAHHS KaJIbLIIO Yepe3 CTpax YTBO-
peHHst cedyokam’stHoi xBopo6u (CKX). Memoro nocimxeHHs Oy-
JI0 IpoBeieHHs opiBHsLIbHOT oliHku MIITKT, mokasHuka sikoc-
Ti TpabekyssipHoi Kictku (Trabecular Bone Score (TBS)) 3anex-
Ho Bin HasiBHOCTI CKX. Mamepiaiu ma memoou. Y nociimxeH-
Hi B35 yyacTth 80 maitieHTiB: 14 yososikis (17,5 %) Ta 66 XiHOK
(82,5 %). VY 1 rpyny ysiiiiiu 48 oci6 i3 CKX (34 (70,83 %) xiH-
ku, 14 (29,17 %) yonosikiB, cepenniii Bik 55,5 (BI 51,5-62,5) po-
Ky), y Il rpyny — 32 mauientu 6e3 CKX (31 (96,88 %) xinka, 1
(3,12 %) gonogik, Meniana Biky 63,2 (BI 58,8—67,4) poky). AHa-
JII3yBaJIM TTIOKA3HUKM IBOXCHEPIeTUYHOI PEHTIeHiBChKOI a0copo-

wiometpii (mpunaa Hologic Discovery). [dns oninku TBS Buxo-
pucroByBaiu meton TBS iNsight, po3pobaeHuit Medimaps (bop-
1o, ®panuist). Pezyasmamu. Bussnenns CKX 3pocio 3 16,25 %
(Ha TifcTaBi iarHOCTOBAHOTO B aHAMHE3i 3aXBOPIOBAHHS) /0
49,25 % (micnst 1OAaTKOBO MPOBEIEHOTO YIBTPa3ByKOBOTO TOCTi-
1okeHHst). [Tokasnuku MILIKT y xBopux Ha Hedpoitias He Bii-
pisHsiucs Bim mapameTpiB ocid 6e3 CKX, Tomi sik TBS 0yB mocTo-
BipHO HIXKUMM. Buchnoexu. Hedpoitias € HetocTaTHBO JiarHoc-
TOBaHOIO TIpobsieMoto, ocobimBo Tipu ckpuHinry MIIKT. V na-
uieHTiB i3 CKX TBS mocToBipHO HUKYMIT TTOPIiBHSIHO 3 TTIOKA3HU-
KaMu 0cib 6e3 Hedpoitiady. OTpuMaHi AaHi MOTPeOYIOTh AeTalb-
HOT'O BUBYEHHS MOXJIMBUX IPUYMH i 3B’s13KiB nopyuieHb MILIKT
y XBOpMX Ha HedpoJtiTias.

Ki10490Bi c0Ba: ceuokam’sina xBopo6a; ocTeomneHis; ocTeono-
pO3; MiHepaibHa IIITbHICTh KiCTKOBOI TKAHWMHU; TIOKA3HUK STKOC-
Ti TpaOeKyIIPHOI KiCTKHN
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3MiHN geAKNX CMPOBaTKOBUNX NOKa3HMKIB KpPOBi
npu KpaHiocKeneTHin TpaBMi AK MOX/INBa O3HaKa
akcenepauii KictkoBoi penapauii

Pe3tome. AkmyanbHicms. Akcenepauin KiCTKOBOI penapauii € ¢eHomeHoM, Bigomum noHag 30 pokis, i cro-
CTepiraeTbCA y NaLieHTIB 3 NOEAHAHOIO KpaHiocKeneTHO TpaBMoto. Ha cborofHi Hemae poboyoi Teopii NpruyrHU
deHomeHa. Takox TprBae nowyk $GakTopis, Wo oro 3ymosniooTs. Memoto focnigeHHsA 6yna ouiHKa 3MiH cupo-
BATKOBYX MOKA3HMKIB AK MOXNBUX NPEAVKTOPIB GeHOMEHa akcenepauii 3poLleHHs B ekcneprmenTi. Mamepianu
ma memoou. binux wypis-camok (n = 90) BUNagKOBMM YMHOM PO3MOAINVAN Ha 2 TPYNU: KOHTPOJbHY (N = 45) — 3
MOAENOBaHHAM i301bOBAHOr0 NepPesioMy CTErHOBOI KICTKM Ta OCHOBHY (n = 45) rpyny — 3 KpaHiOCKeNeTHOo Mno-
niTpaBMoto. [JUHaMiKy CMpOBaTKOBMX NMOKa3HUKIB BU3Hayanu Ha 7-my, 14-Ty Ta 21-wy no6y. Pesaynemamu. CepegHs
aKTUBHICTb NaKTaTAeriaporeHasu sHmxXyBanach (p < 0,001) B 06ox rpynax Ha 14-Ty o6y [0 CTaTUCTUYHO OfHaKO-
BUWX 3HaueHb (p = 0,88). B 0CHOBHIli rpyni akTMBHICTb NakTaTAerigporeHasu Ha 21-wy o6y 3HMKyBanach (Ha 23 %,
p = 0,004), Tofi AK y KOHTPONbHI rpyni Ha 21-wy o6y 3pocna Ha 30 % (p = 0,015). AKTUBHICTb NyHoi pocdaTasu
Y KOHTPOJbHIl rpyni 3pocTana Ak Ha 14-Ty (Ha 105 %, p < 0,001), TaK i Ha 21-wy poby (Ha 19 %, p = 0,06). Ha 14-Ty
06y KOHLEHTpaLis 3aranbHOro 6inka 3meHwmnnacb Ha 14 % (p < 0,001) nuLwe y TBapUH 3 OCHOBHOT Fpynu, Todi AK Y
KOHTPOJbHI rpyni BiporigHMX BigMiHHOCTEl NOKa3HMKiB He BuABneHo (p > 0,05). CepeaHa KOHLEHTpaLiA KanbLito
y TBapUH OCHOBHOI rpynu Ha 14-Ty fo6y NopiBHAHO 3 7-t0 Ao6ot0 BiporigHO 3HM3unack (Ha 48 %, p < 0,001), a Ha
21-wy fo6y noBepHynaca fo NoYaTKOBUX 3HauyeHb(p < 0,001). Y KOHTPOSbHIl rpyni cnocTepiranu BiporigHe 3HW-
XeHHSA piBHA KanbLito AK Ha 14-Ty (p = 0,007), Tak i Ha 21-wy poby (p = 0,001). BucHosku. Ha 14-Ty [oby ekcnepu-
MEHTY KOHLIEHTPaLifl KanbLito 3HMXYBanacb K y KOHTPONbHIl (Ha 15%, p < 0,001), Tak i B OCHOBHI rpyni (Ha 48 %,
p < 0,001), Toai Ak Ha 14-Ty OOy KOHLUEHTpaLia NakTaTherigporeHasmn 3HMXyBanacb B 060X rpynax, akTUBHICTb
nyxHoi docdaTasmv 3pocTasna 4o NiKOBMX 3HAUYeHb. 3HAaYEHHSA 3aranbHoro Giflka He Cnif BBaXXaTu AKICHM MapKepom
akcenepadii KicTKoBOI penapadlii.

KniouoBi cnoBa: nonitpasma; KicTkoBa penapauis; ekcriepMmeHTaibHa MOAeNb; 3aranbHuii 6inok; ny»Ha dpoc-
¢daTasa; KanbUil; nakTaTAerigporeHasa

Bctyn

denomeH akcesepallii KiCTKOBOI pernapallii y MalieHTiB
3 kpaHiockesneTHoto TpaBMoto (KCT) 31aBHa 11ikaBUTh Ha-
YKOBILIB, SIKi HE 3yMMUHSIOTHCS B TOIIYKY (haKTOPiB aKTH-
Ballii KictkoBoi pereHeparii. llle y 1991 poui M. Mueller
3i criBaBT. onucanu (beHOMEH CUCTEMHOI aKcesepallii Mi-
HepaJabHOI IIIbHOCTI KicTKOBOI TKaHuHM (MILIKT) micisa
VIIKOKEHHST KOPTUKAJIBHOTO Iapy OYIb-sIKOi KiCTKY TTPU
MOJIEJIIOBaHHI TpaBM OChOBOTO CKeJjieTa TBapuH [1]. Ane ic-
HYIOTb i KapAMHAJIbHO MPOTWIEXKHI MOTJISIAN TOCTiTHUKIB,
SIKi BUSIBUJIM YIIOBUIBHEHHS 3POIIEHHS KiCTOK MpPU MHO-
JKMHHIi TpaBMi 3a BimcyTHocTi TpaBMu depena [2]. Tlpu
BUBYEHHI JIa3MOBOTO PiBHS KiCTKOBO-3aJIEXKHUX MiKpO-
eJIEMEeHTIB, MpoToKoJjareHy, octeokanblimHy K. Stoffel [3]
BUSIBUB 3aJIEXXHICTb 1X PiBHS Bifl TepPMiHiB KOHCOJIiaLLil.

Xoya TOYHa iHTepmHpeTalis 3MiH OiOXiMiYHMX MapKepiB
IIOCi HEeBimOMa, MPOTE BaroMiCThb iX BIUIMBY Ha CIOBLIb-
HEHHSI 3pOILEeHHsI a00 HEe3pOIlEHHsI BCTAHOBJIEHA Ta Mae
MPakKTUYHE 3aCTOCYBaHHSI B MPOTHO3YBaHHI MalOyTHiX
TepesoMiB, 3 ypaxyBaHHSIM (haKTopa MicaITpaBMaTUIHOTO
octeonioposy [4]. M. Mukhopadhyay Bu3HauuB, 1110 cepes
CHPOBAaTKOBHMX ITOKA3HUKIB, SIKi BKa3ylOTh Ha pe30pOlliio
Ta (popMyBaHHS KiCTKOBOI MO30JIi, Y paHHi TepMiHU Hali-
OiJBII TTOKA30BOIO € aKTUBHICTH JY:KHOI ¢ocdarasu [5].
IcHYIOTH MOBiOMJIEHHS TTPO MO3UTUBHUM BIUIMB CUPOBAT-
KOBUMX OiJKiB Ha KiCTKOBY penapallilo Ipy He3pOIeHHi,
MPOTE CXOXMX NAHUX Y BUMAAKY MOJITPAaBMU HENOCTAT-
HbO [6]. OTHMM 3 BiZOMMX (haKTOPiB KiCTKOBOI pe30opOlii,
110 € MApKEpPOM He JIMIIIEe MaTOJOTiYHOI pe30opoilii, aie i
HOpPMaJIbHOI KiCTKOBOI pernapallii, € JakraTaeriaporeHasa
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[7]. K. Morioka y cBoiii po0OOTi IT0BiB, 1110 NTPX HAHECEHHI
MPUILITHLHOI TPaBMU OJHIH 3 TeMicdep MO3Ky (peHOMEH aK-
ceJiepallii BUSBIISIIU JIMILIE 3 KOHTpajlaTepaJbHOI CTOPOHU
YpaXXeHHs, 1110 CJ1ifi OyJI0 BpaxoByBaTH HACTYITHUKAM TIpU
MoneoBaHHI ¢eHoMeHa |[8]. PerpocnexkTuBHMIT aHami3
T.A. Einhorn ta excniepuMeHTaIbHI JOCTIIKEHHS 3 IOy~
Ky TyMOpaJbHUX (paKTOpPiB BIUIMBY Ha 3pPOILIEHHS KiCTOK
TeX He BUSIBUJIU BipOTIAHUX PE3yJbTaTiB [9].

Ha xanp, i goci 3anuinaerbcst 0e371i4 HepO3B’sI3aHUX
MNUTaHb IIOAO IOLIYKY MPUYMHM akcejaepalii KiCTKOBOI
penapauii [10]. 3BicHO, BUSIBJIEHHSI HaOiIbII BaroMmux
dakTopiB, 110 BIUIMBAIOTHL Ha akcejiepalilo 3pOlIeH-
HsI KiCTKM MpUY TOJITpaBMi, Ta MOIIMOJEHHS PO3YMiHHS
0ioJI0Til TIpoliecy MOXYTh ONTHUMI3yBaTH HOro Imepedir Ta
YMOXJIMBUTU TPOdIiNaKTUUHI 3aX0AW TIPU TOPYHIEHHSX
KoHcoJigarii [9].

Mema: BU3HAUUTH MOKJIMBICTH BUKOPUCTAHHS CHUPO-
BAaTKOBMX MapKepiB /I BUSIBJIEHHS] TPUCKOPEHOI KOHCO-
JIigalLii mpy eKCrepuMeHTaIbHOMY MOIEIIOBAaHHI KpaHio-
CKEeJIETHOI TpaBMM.

Marepianu Ta meToan

ExcnepuMeHTalbHe MOJIENIOBAaHHS 130JIbOBAHOTO Me-
penomy crerHoBoi Kictku Ta KCT BukoHanu Ha 90 crare-
BO3pIIMX OIMMX IIypax >XKiHOYOI CTaTi CEPEeAHBOI0 MaCOI0
207 (95% A1 = 197,2—-216,8) . Yci mpolieaypu BUKOHaHi
BiIMIOBiTHO 0 BUMOT €BPOITEeiiCbKOI KOHBEHIIII i3 3aXUCTY
XpeOeTHUX TBApUH, sIKi BUKOPUCTOBYIOThCS JIJIST TOCIiTHUX
Ta iHIINX HAYKOBMX IIijieii [11], BUMOT JIOKAJIbHOI KOMicii
3 MUTaHb 0i0eTUKM (eKCIIEpTHUI BUCHOBOK KOMicii 3 0i0-
eTuky IBaHO-MpPaHKIBCHKOrO HAlliOHAJBHOTO MEIUYHO-
ro yHiBepcutety (I®HMY) No 124/21 Bim 29.11.2021 p.)
Ta 3rigHo 3 pekoMmeHaauisimu ARRIVE [12]. Tsapun (1o
4 0ocobu) yTpMMyBajiu B CTaHAApTHUX yMOBaX KJIiHiKO-
ekcriepuMeHTaabHoi 6azu IODHMY «BiBapiii»: y KiiTkax 3
MPUPOJHUM OCBITJIEHHSIM, 3 JOCTYNIOM 0 1Xi Ta Bonu ad
libitum 1o mocsTHeHHsT HeoOXiTHOI MacH Tija Ta Biky [13].
Ha MoMeHT mpoBeleHHSI €KCIIepUMEHTY IIypHu JOCSTIN
12-TrkHeBOTO BiKy. OrepaTvBHiI BTpyYaHHs POBOAVIIMCS
B yCiX TBapWH B OJHAKOBUI (CBiTIMit) mepion noou. [Micis
MPOBEIEHHS OTIEPaTUBHUX YTPYYaHb TBAPUH PO3ITOMLISITN
B KJIITKHM 110 2 0COOU.

Vci nocnimkeHHs BUKOHAJH ITi iH €KIIMHUM BHYTPIIII-
HbOOYEPEBMHHUM 3HEOOJIIOBAHHSAM 3 BUKOPUCTAHHSAM
KkeTaminy (65 mr/kr), kennasuny (13 Mr/kr) ta anenpomMa-
3uny (1,25 mr/kr) [14]. Jns 3amno6iraHHs Ticasonepariii-
HUM iHOEKUIHHUM YCKJIaAHEHHSIM MepionepaliiiHO TBa-
pMHAM BBOAWIM BHYTPIlLIHBOM’SI30BO PO3UMH 1ieha30iliHy
(50 Mr/KT) 3rimHO 3 YNHHUMM MTPOTOKOJIAMU AaHTUOIOTUKO-
npodinakTuKu B YKpaiHi Ta JaHUMU TIPO BiZICYTHICTb He-
raTUBHOTO BIUIMBY lLiea3oJjliHy Ha Mpolec KOHCOIimalii y
mypiB [15]. s micasionepauiiitHoro 3He00IFOBaHHSI TTi/l-
IIKipHO BBOAMJIM PO3UUH KeTompodeHy (5 Mr/Kr) aBidi 3
iHTepBasioM 4 roauHu [16].

Po3nodin epyn

Jlopocaux TBapMH paHAOMi3yBaiu Ha aBi rpymu: I
(ocHOBHa — TpyIa KpaHiocKeneTHol TpaBMu, n = 45) ta 11
(KOHTpOJIbHA — i30J1bOBAHOTO TMEPESIOMY CTETHOBOI KiCT-

Kd, n = 45). 3a TepMiHaMU BUBEICHHSI 3 €KCIIEPUMEHTY
(7-ma, 14-ta, 21-ma goba) TBapMH BUMAIKOBUM YMHOM
PO3IIIWIM Ha 1ICTh PiBHUX TATPYI, TPU — B OCHOBHIiit
Ipymi Ta TpU — y TPYITi KOHTpoJto (n = 15).

MoodentoeaHHsA i301b08aH020 nepesiomy

MogentoBaHHSI 3aKpUTOTO IepenoMy aiadiza CTETHO-
BOI KiCTKM Y TBApMH KOHTPOJBbHOI TPYIIM BUKOHAIM TIiCIIST
PO3TUHY HIKipU Ta M’IKUX TKAHUH B aCENITUIHUX YMOBaX
y IMPOEKIIil BUPOCTKIB CTErHOBOI KiCTKU. 3a JIOIMOMOIOI0
iH’ekuiitHoi roaku G18 popmyBanu BXia y KiCTKOBO-MO3-
KOBMI1 KaHaJl cTerHOBO1 KicTku [17, 18]. ¥ chopmoBaHuii
KaHaJl perporpaaHo BBoawin K-crmirto giamerpom 0,8 MM
3 HACTYITHUM HaHECEHHSIM yaapy CTaHIapTU30BaHUM TiJib-
WOTUHHUM TIPUCTPOEM 3 KIHETUIHOIO eHeprieto B 1,617 JIxx
i3 XKOPCTKUM OOMEXEHHSIM 10 Kpaw CTojy B 1,5 MM mjs
3MEHIIEHHS TpaBMU M SIKUX TKaHUH [17]. HasgBHicTh me-
pesioMy BU3HAYalu MaJIbIIATOPHO 3a TATOJOTIYHOIO py-
XOMICTIO CETMEHTA. 3a BiICYTHOCTI O3HAaK MepeoMy yaap
HaHOCHJIM TTOBTOPHO 3i 30inbeHHam 10 2,156 Ix KiHe-
TUYHOI €Heprii Ta 30i/IbIIIEHHSIM BUCOTH TMaaiHH 10 20 cM.
Pany koniHHoro cyrino6a ymmsaau nosHoiaposo (Ethilon
3-0) 3 HacTymHOI 00po6Koio paHu 10% po34nHOM TOBi-
noH-iony (Betadine) [18].

MooentoeaHHsa KCT

MopenoBanHs KCT y TtBapun | (ocHOBHOI) rpymnu
BUKOHAM B TOEJHAHHI MOJENi 3aKPUTOI YePEerTHO-MO3-
koBoi TpaBMu (3UMT) 3 aHaA/JIOTiYHUM METOIOM 3aKpu-
TOTO IIepesioMy Aiadiza CTETHOBOI KiCTKH, SIK i Y TBapuH
KOHTPOJILHOI TpyIM, Ha KiHIIiBLIi, KOHTpajaTepaJbHiil 10
CTOPOHU ypaxKeHHsS MO3KYy. ExcrnepuMmeHTalIbHOTO Bim-
tBopeHHsI 3UMT nocsriu 3a ony6aikoBanuM M.A. Flierl
aJTOPUTMOM MOJEIOBAHHS Y BIAacHii Moaudikariii [16].
B acenTuyHMX yMOBax MicJsl po3pi3y MIKipy B OUISHII ca-
riTaJIbHOTO 11Ba Yeperia Ta Bisyasisallii bregma y poeKiiii
MOTOPHOI KOPY TOJIOBHOTO MO3KY HAaHOCHUJIM KOHTPOJIbO-
BaHy nuy3HY TpaBMy 3 KiHETUYHOW eHeprieto 42 mJIx,
10 € JOCTaTHIM JUISI MOJEIIOBAHHS CEePeaHbOI TSIKKO-
cti 3UMT [16, 19]. 3 MeToI0 TOTpUMaHHS CTAaHAAPTHHUX
YMOB MOJIEJTIOBAHHSI TPAaBMU B €KCTIIEPUMEHTI HAMU PO3-
pOOJICHUIT OPUTIHAIBHUI IPUCTPili 3 yIapHOIO YaCTUHOIO
niaMeTpoM 4 MM Ta MOXKJIMBICTIO CTBOPEHHSI KiHETMIHOIL
cunu B 21, 42 ta 63 M/IX, 1110 BiAMOBiga€e pi3HUM CTyIIE-
HsM TspKKocTi 3UMT (cBimouTBO mMpo aBTOPCHKE MpaBoO
No 118841). HasgBHicTb 4epenmHO-MO3KOBOI TpaBMM BU-
3HAYaJIM 3aCTOCYBAHHSM aJalTOBAHOI LIKAIW TSKKOCTI
HEBPOJIOTiYHOI TpaBMU y APiOHUX IpU3yHiB (neurological
severity score — NSS). Bukopucranu Haiibiibl pernpe-
3eHTaTUBHI YaCOBi paMKH ii 3acTocyBaHHS — | Ta 4 ronMHU
micist onepatiii [16, 20]. banxbHy owiHKy 3a mkanoo NSS
MPOBEJIM IUISIXOM CITOCTEPEXEHHS 3a MOBEAIHKOIO IIIypa
32 OCHOBHUMU KPUTEPISIMU: MOXJIMBICTh BUNTU 3 KoOJa
nmiametpoMm 30 cM, BIACYTHICThH remimapesy, IOLIyKOBUIA
pedekc Ta ixmn [16]. Bumuit 6an BKasye Ha CKJIAIHIIIY
HeBpoJIOTiuHy TpaBMy [16, 21]. PaHy IIKipHMX MTOKPUBIB
TaKOX yluBaau 0e3nepepBHUM 11BoM (Prolene 3-0) 3 Ha-
CTYITHOI0 00poOKoIo paHu 10% po3YMHOM IOBITOH-HOIY
(Betadine).
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3a6ip mamepiany

EBraHa3io TBapuH BUKOHAIU Ha 7-my, 14-Ty Ta 21-11y
OO0y Big MOMEHTY OIlepallii IJisi BU3HAYeHHST Y CUPOBAaTILi
KPOBi TOCTiMHUX TBApUH KOHIIEHTpAllii 3arajibHOTO OiKa
(K3b), aktmBHOCTI TKaHMHO-HeCHeUU@IiYHOro izoMepy
nykHOI pocdarazu (JID) Ta akTMBHOCTI TaKTaTAETiApOre-
Hasu (JIAT). Aktupnicts JI® Ta JIIT BU3HAYAIU KOJIOPU-
METPUYHUM METOJIOM KiHIIeBOi TOuKH. PiBeHb Kajbllilo B
CUPOBATIIi KPOBi BU3HAYA/IM 34 CTAHIAPTHUMU METOAMKA-
MU B YMOBax LeHTpY 6ioeiaemeHTosorii IPDHMY [22]. Oxn-
Ha TBapyMHa OCHOBHOI I'PYIM 3arMHYJIa 10 eTamny 3a00py Ma-
Tepiay, 1e OJHa TBapHHa L€l X Tpynu Oyjia BUKIIIOUYEHA 3
BUOIPKM TICJIST BUSIBIEHHS 1HTpaabJOMiHAJIBHOI MyXJIMHU
Ha eTarri 3a00py MaTepiaiy.

CmamucmuyHuli aHanis

CTaTUCTUYHUI aHaJi3 pe3yJibTaTiB BUKOHAIU 3a JI0-
nomoroio mnporpamu Microsoft Excel 365 3 momaTkoBUM
nakeToM HamOymoB Xrealstats. HopmanabHicTh posmomity
Bu3HauwiIu TectaMu d’Agostino-Pearson ta Shapiro-Wilk
s o = 0,05 y mectu miarpymnax [23]. OcKiJIbKM pO3MOIia
yCiX IIeCTH IiArpyIl BiAllOBiTaB HOPMaJIbHOMY, TaHi iHTep-
MpeTyBaJIX 32 JOTIOMOTOIO CepeHiX 3HaueHb (M) Ta cTaH-
naptHoro BimxuiieHHs (Standard deviation, SD) y Buris-
ni M £ SD, a takox y Bursiai 95% mosipuoro iHtepBany
(95% 1) [24]. BiporigHicTh MixXTpymoBOi BiTMiHHOCTI Aa-
HUX BU3HAYAJIM 32 JOTIOMOTOI0 IBOGiIYHOrO t -TecTy CThio-
NEHTa U1 MaJIUX He3aJeXHUX BUOIpOK, a PI3HUII0 MiX
JaHUMU BBaXKaJii BiporigHoto 3a ymoBu p < 0,05 [25].

Pesynbratn

Ha 7-my no0Oy cepentst koHueHTpalis Kajiblito (Ca) y
KPOBi TBapuH MiX JOCTIIHUMU IpylaMy CTaTUCTUIHO He
BigpisHsaack (p = 0,26; Ta6u. 1 ta puc. 1). Ha 14-1y no-
Oy cepenHst KoHueHTpalis Ca y cupoBarili TBapuH sk 11
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PucyHok 1. JuHamika cupoeamkoeoi KoHyeHmpauii Kaneyiro
8 pi3Hi mepmiHu ekcnepumeHmy

Mpumimku (puc. 1-4): nnaHkamu noxu6oK ekasaHo mexi 95%
doeipyozo iHmepeany (95% Al); * — eiomiHHOCMi nokasHu-
Kie 8ipo2ioHi npomu daHux Ha 7-my 006y (p < 0,05); ** — ei0-
MiHHOCMIi noKa3Hukie 8ipo2idOHi npomu 0aHux Ha 14-my 006y
(p < 0,05).

(KOHTpOJIbHOT), TaK i | (OCHOBHOI) Ipynu CTATUCTUYHO Bi-
porigHo (p = 0,007 ta p < 0,001 BiamoBinHO) 3HU3MIACH
Ha 15 ta 48 % MOpPiBHSHO 3 MOKA3HUKAMM Ha 7-My 100y
ekcriepumeHTy. Ha mpoTuBary TBapMHamM KOHTPOJIBHOI
TPYIIH, Y SAKilf i Iaji crocTepirajay CTaTUCTAYHO BipOTim-
He (p = 0,001) 3HM>KEHHsI KOHILIEHTpaLlil CUPOBATKOBOI'O
Kanbllifo Ha 21-my o0y me Ha 22 %, y TBapuH 3 TPYIH
KCT uweit mokasHuk BiporinHo (p < 0,001) 3pocrtaB (Ha
74 %) nopiBHSAHO 3 14-10 106010. CHPOBATKOBUIA PiBEHD
Ca craHoM Ha 21-11y 100y OyB BiporigHo Buiuum Ha 31 %
y rpymi TBapyH 3 KCT MopiBHSIHO 3 KOHTPOJBHOO IPYIOI0
(p = 0,0005).

Cepenxe 3HaueHHs1 JIIT Ha 7-My 100y TaKOX He Bifpi3-
Hstmochk Mixk rpynamu (p = 0,18; puc. 2). [1opiBHsIHO 3 7-10
11006010 0OMIIBI TPYITH TTOKA3aIU BipoOTiIHE 3HUKEHHS PiBHS
JIIT Ha 14-Ty mo6y: Ha 56 % — y KoHTpobHil (p < 0,0001)
ta Ha 49 % — B ocHOBHii1 Tpymi (p = 0,0002). 3aramom pi-
BeHb JIJII' Ha 14-Ty moOy CTaTUCTMYHO HE BiIpi3HSIBCS
MiX TpymamMu, a Oyab-siKa BiIMiHHICTH Oyjia BUIIaIKOBOIO
(p = 0,88). I1pote Tomi sik Ha 21-111y 1OOY piBeHb 3arajJibHOL
JIAT" y KOHTpOABHIN IpyIli CTATUCTUYHO BipOriaAHO 3pic Ha
30 % (p = 0,015), y TBapMH OCHOBHOI TPYIIH CIIOCTEPIraiun
TToJaJTbIIe BiporimHe i 3HKeHHs 11e Ha 23 % (p = 0,004).
Y uinomy koHueHntpauisg JIZII' y TBapuH KOHTPOJIBHOT TPY-
nu OyJia BUIIOI IPOTSTOM BCbOTO €KCIIEPUMEHTY, a Ha
21-my no6y 3anuinaiach Buinoio Ha 42 % (p < 0,0001).

Cepenniit piBedb JI® Ha 7-my 100y CTAaTUCTUYHO He
BinmpizHsiBcst Mixk rpynamu (p = 0,7; puc. 3). Sk y TBapuH
KOHTPOJIbHOI IpymH, TaK i y TBapuH 3 KCT Ha 14-Ty o0y
CIOCTepiraJy 3HaYHe i BiporigHe 3p0oCcTaHHsI KOHLIEHTpalIil
JI® (p <0,0001 mnst 060x rpym). [IpoTe y TBApUH OCHOBHOI
IpyIK 3pOCTaHHS Oy0 y 2,6 pasa Oinbll BUpaXXeHUM (Ha
105 % npu p < 0,0001 y KoHTposBHii rpymi ipotu 270 %
npu p < 0,0001 — B ocHoBHiit). CepelHE CUPOBATKOBE 3HA-
yeHHs1 JI® y TBApUH KOHTPOJIBHOI IPYyNU CTAaHOM Ha 21-111y
00y MPOIOBXKYBao 3poctat Ha 19 %, xoua 6e3 mocraT-
HbOI CTATUCTUYHOI BiAMiHHOCTI MiX rpymamu (p = 0,06).
[Ipu 11bOMY y TBApUH OCHOBHOI I'pyMu MOPiBHSHO 3 14-10
no6oro cepenHe 3HaueHHs JIM BipoTimHO 3HU3WIIOCH Y IBa
pasu (p=0,0001), mocsarHyBIIM MEHIIOI0 Ha 24 % 3HauYeH-
Hs, HiX Yy TBapuH rpynu KoHTpoto (p = 0,002).

KonuenTpaltrist 3araabHoro 0ijika B CUpOBaTIi TBapUH
KOHTPOJIbHOI TPpyNu HE 3MiHIOBaJach IPOTATOM BCHOTO
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PucyHok 2. JuHamika cupoeamkoeoi akmueHocmi
NlakmamoeziopozeHasu 6 pi3Hi mepmiHuU ekcnepumeHmy
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ekcriepuMeHTy (puc. 4), a Oyab-sIKi KOJMBaHHSI 3HAaUYCHb
He BUXOIWJIM 3a MeXi cratucTuyHoi roxudku (p = 0,13
JUTSL BITMiHHOCTI MiXX 7-10 Ta 14-10 mo6oto Ta p = 0,6 Mixx
14-10 Ta 21-10 106010). Y TBapuH OCHOBHOI TpyIu Ha 14-Ty
no6y K3b BiporinHo 3Hu3minack Ha 14 %, nocsarimm HUXK-
HBO1 MexXi pedepeHTHrX 3HaueHb (p < 0,0001), o Oyno
CTaTUCTUYHO BipOTiZHO MOPIBHSIHO 3 IPYIOI0 KOHTPOJIIO
(p <0,0001). IloxazHuk 3araapHOro OiIKa Ha 21-111y 100y Y
TBapMH OCHOBHOI I'PYIHU 3aJIMIIABCs CTATUCTUYHO BipOrin-
HO HWXXUKMM MOPIiBHSHO 3 rpynoo KoHTpo:o (p = 0,01).

O6roBopeHHA

B onHOMY 3 HaliOLIBIIMX OTJISIIIB JIITEPATypH, Y SIKOMY
M. Hofman oniHtoBaB ryMopaJibHi Ta 6ioXiMiuHi MapKepu,
SIKi MOXKYTb BiIITOBiIaTH 3a 3pOLIEHHS, EAMHUX BipOTiZHNX
pe3ysbTaTiB He mpogeMoHcTpoBaHo [10]. CxoxXux BUCHO-
BKiB niiimoB D. Cadosch nipu cratuctnaHomy anamizi JID,
napatropmony, Ca ta ¢ocdopy npu monemoBanHi KCT
[26]. CTaTMCTUYHO BipOTiIHMIT KOPEISLIMHNIA 3B’ 130K MixK
JI® ta mpouecom KoHcomiaauii BussuB M. Mykhopadhyay
[5]. HamMmu BusiBieHa TeHIEHLis1 A0 OibIll BUPaxKEHOTO

3HMXKEHHS piBHs cupoBaTkoBoro Ca y tBapuH 3 KCT Ha
14-Ty nmoOy Ticast TpaBMM 3 TIOBEPHEHHSIM JI0 HOPMaJslb-
HUX MTOKa3HMKIB uepe3 21 noOy. [Jdani rmpo mobimizamiio Ca
OTpPUMaHi i B IPOCIIEKTUBHOMY IOCJIiIKEHHI MAlli€HTIB 3
KCT, nposenenomy D. Cadosh [26], y IKOMY 3HUKEHHSI
piBas Ca BomHOYAC CYIPOBOIKYBAJIOCH ITiIBUILICHHSIM
piBHs mapatropmoHy y xBopux 3 KCT y nmepimii THKIeHb.
V nopanbiioMy TaKoxX BUSBWIM 3HUKEHHST KOHLIEHTpaLlil
sIK cupoBaTkoBoro Ca, Tak i MOro KOHIIEHTpallii B CTETHO-
BUX KicTkax 1ie yepe3 7 mi6 (p < 0,001). 3 ypaxyBaHHSM
IILOTO BapTO OYiKyBaTU CHUCTeMHOro 3HMxkeHHs MILIKT
micyst nBox TrKHIB npu KCT. CucreMHuit octreonopos y
XBOPMX 3 KpaHiaJIbLHUM KOMITOHEHTOM TpPaBMM, OCOOJIMBO
B JOBIOTPMBAJIOMY AacIIeKTi, paHillle ©0aratropa3oBO BilI-
3HaYaBCs B KJIIHIYHUX JaHUX Ta B eKCIiepuMeHTi [27—29].
[Tpu 1boMy HEOOXiTHO PO3MEKOBYBATH MOOITi3allil0 B pe-
3yJbTaTi HACIIKIB YepeITHO-MO3KOBOI TpaBMHU K (paKToOp
PUBUKY IUCHYHKIIOHATBHOTO OCTEOITOPO3Y B TPUBAJi TEP-
minu [30] ta panHi o3Haku 3HKeHHsT MIIIKT ockoBoro
ckejieta yepe3 MooOitizanito Ca, ik BKa3aHO B JOCTiI>KeHHi
R.D. Brady [31]. IlinTBepmxye 110 TeOpito AOCTiIKEHHS
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PucyHok 3. [JuHamika cupoeamkoeoi akmueHocmi J1y>KHoi
¢ocpamasu e pizHi mepmiHu ekcnepumenmy

PucyHok 4. JuHamika cuposamkoeoi KOHyeHmpayii
3aeanbHO20 GinKa 8 pi3Hi mepmiHu ekcnepumeHmy

Tabnuys 1. Pesynemamu GioximiuHo20 aHanisy e 2apynax

MoKa3HuK [o6a KoHTponbHa rpyna OcHOBHa rpyna p
7-ma 2,11 +0,32 2,25+0,35 0,26
Kanbuin, r/n 14-ta 1,79 £ 0,28* 1,16 + 0,34* <0,0001
21-wa 1,40 £ 0,32** 2,02 £ 0,52** 0,0005
7-ma 0,91+0,34 0,76 £ 0,28 0,18
ﬂig}ﬂe”ﬂpore”"’”’a 14-Ta 0,40 £ 0,08* 0,39+ 0,07* 0,88
21-wa 0,52 £ 0,16** 0,30 £ 0,08** <0,0001
7-ma 39,10+ 7,18 40,14 + 7,52 0,70
NykHa docdaTasa, oa/n 14-ta 80,07 + 20,18%* 148,47 + 50,14* <0,0001
21-wa 95,07 £ 22,03 72,27 £ 12,40%** 0,002
7-ma 71,43 +3,78 70,91 +£2,88 0,67
3aranbHun 6inoK, r/n 14-ta 69,69 + 2,05 60,83 +6,16* <0,0001
21-wa 68,73 £ 6,80 63,50 £ 2,84 0,01

Mpumimku: * — eioMiHHOCMi NoKA3HuUKi6 8ipo2idoHi npomu daHux Ha 7-my 006y (p < 0,05); ** — eiOMiHHOCMi NoKa3HuKie 8ipo2iOHi
npomu 0aHux Ha 14-my 006y (p < 0,05).
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E. Smith [29], y sskomy KCT BKa3aHa IK CyTTeBUii (hakTOp
PU3HUKY OCTEOIIOPO3Y Ta OCTEOIIeHii B 0ci0, IO ITiaTBep-
IWJIN Pe3yJIBTaThd ABOGOTOHHOI PEHTTEHIECHCUTOMETPIl B
paHHi TepMiHU TPaBMU.

3araJbHOBIZOMO, IO TMOPYLICHHS IIJTICHOCTI KiCTKO-
BOI TKAaHWHM € OfHi€lo 3 mpuunH migsumeHHs JIAT [32].
VYV namomy nocaimkenHi piBens JIAI' y TBapuH rpymnu 3
KCT 3pic nuiie Ha 7-My 100y, a IPOTSATOM HACTYIHUX 2
TUXKHIB BipOTiTHO 3HMKYBABCSI IIOPiBHSIHO 3 IPYIOI0 KOHT-
po:to. Lle Moxke cBiguuTH Mpo Te, 1110 npu noeaHaxin KCT
3pOCTaHHS MEHII BUpaxKeHe, HiX MPU i30J1b0BaHiil TpaBMi
B TePMiH /10 3 TU3KHIB. A SIKILIO OLIiHIOBAaTH OLJIbII BiajaieHi
TepMiHU, To gociimkeHHs P. Ravi BUusiBuIo BiporinHe min-
ButieHHs1 piBHs JIJIT y manientiB 3 KCT craHom Ha 5-it
TKIeHsb [33].

Hani, HaBeneni M. Mukhopadhyay [5] ta K. Stoffel [3],
CcBimuaTh, 110 aKTUBHICThL JID mpu nepenomax BigoGpaxae
obuaBa eleMeHTU KiCTKOBOI pemapallii — pe3opOlilo Ta
¢dopmyBanHs [4]. Ha npyruii ToKIeHb HAIIOro JOCiIKeH-
HSI MU cITocTepiranu cyrrese (y 2,6 pasa, p < 0,0001) 3poc-
TaHHS TKaHUHHOTO i30Mepy JI® y rpyni KCT nopiBHSHO 3
TBapMHaMM 3 i30J1bOBaHMM IiepesioMoM. BusiBieHa nuHa-
mika JI® sax HecrennbiyHOTo MapKepa KicTKOBOI pernapa-
il CBiIYMThL MPO BipOrifHi BiAMiHHOCTI aKTUBHOCTI TTepe-
Oy/IOBM KiCTKOBOI TKAaHMHU Ha KopucTb rpynu 3 KCT.

Sk BKazaHo B pesynbratax Z. Nascimento da Silva [34]
Mpo BIUIMB OijiKa Ha MeTa00J1i3M KiCTKOBOI TKAHUHU, Hali-
Oinbi BupaxeHy 3anexHicte Buswin 3 MUIIKT came
CTEeTHOBOI KicTK1. Hamre mociimKeHHST MinTBepIKy€e Take
TBEPIKEHHSI, OCKUJIbKM i30JIbOBAaHUI TE€PEIOM CTErHOBOI
KiCTKM HE CIIPUYMHSIB 3MiH Y piBHi 3araJbHOTO OijIKa y TBa-
puH (p > 0,05 y Bci TepMiHu cnioctepexkeHHs ). [1pu 1ipo-
My y rpymi TBapuH 3 KCT BusiBUIM pi3Ke 3HUXKEHHs 1i0ro
KOHIICHTpallii MeHIIe BiJ pepepeHTHUX 3HaUeHb Ha 14-Ty
00y NPy OHAKOBOMY BUXiTHOMY PiBHi Ta CTAHOM Ha 7-My
no6y (p = 0,67). [Ipote BiporimHUX maHWUX PO UiTKY 3a-
JexxHicTh MixX piBHeM K3b Ta KicTKoBOIO pemnapalii€io He
BIIAJIOCh BUSIBUTH Hi B HAILIOMY €KCTIEPUMEHTI, Hi B pe3yJib-
TaTax, BCTAHOBJICHUX Yy Jtoaeit [35].

Obmexncennst docaidxcenns. BinrBopioBaHICTh LIBOTO
TOCTIIKEHHS B KJIiHIiIli MOxXe OyTh oOMexXeHa uepe3 Taki
00MEXXEeHHST METOI0JIOTI, IK MaJIiii po3Mip BUOIpKH, a Ta-
KOX Ie(illuT MoIepeaHiX JOCTiIKeHb 3 1i€l TeMaTUKU Ta
SIKICHUX pedepeHTHUX 3HaueHb. TakoxX HeoOXimHO 3a3Ha-
YUTH, IO 1€ AOCTiIKEHHS IPOBOAMIM Ha JabopaTOPHUX
TBapuHax, 110 0OMeXYye 3aCTOCYBaHHsI HOro pe3ysbTaTiB
Yy KJIiHIYHIl OpakTULl Ta BUMara€ moAaJIbIIMX KJIiHIYHUX
TMOCTiIXKEeHb Ha BEJIMKUX BUOipKax ST MiATBEPIKEHHS YU
CMPOCTYBaHHSI OTPUMAaHUX Pe3yJIbTaTiB.

BucHoBKM

Y TBapuH 000X TOCHiTHUX TPYI CIOCTEPIiraau cTaTuc-
TaHOo Biporimae (p < 0,05) 3HIKEHHS KOHIIEHTpAIil CH-
poBatkoBoro Ca (Ha 15,2 % misa rpynu 3 i30JIbOBaHOIO
TpaBMmolo Ta Ha 48,4 % mia rpynu KCT) Ha 14-Ty 1006y, 1110
MOXe€ CBIIUMTHU MPO MOT0 IEeMOHYBaHHS B KiCTKOBIl TKa-
HuHi B ek TepMid. Konuentpauis JIZII' BiporinHo 3HMKY-
Basach npu KCT gk Ha 14-1y 1006y (Ha 49 %, p < 0,001),
Tak i Ha 21-1ry o6y (Ha 23 %, p = 0,015). Pizke 3HIKeHHS

koHueHTpauii JIIT y repMiHu miciisg 7-1 100U MOXKe CITyXU-
TH MapKepoM aKcesiepallii KicTKOBOI pernapalrii. 3pocTaHHsI
(y 3,7 paza, p < 0,0001) cupoBatkoBoi KoHIeHTpalii JID
y tBapuH rpynu KCT Ha 14-Ty 100y 3 HaCTYIMHUM ii 3HU-
xeHHsM (y 2,1 paza, p <0,001) Ha 21-111y 100y TaKOXK MOXKE
OyTU TOB’s13aHe 3 MIPUCKOPEHUM (DOPMYBAHHSIM KiCTKOBOI
Mo3oJi B miepii 2 TvikHi micast KCT. 3nauenns 36K 6yno
HkunM y TBapuH rpynu KCT Ha 14-1y no6y (Ha 14,2 %,
p < 0,001), mpoTe itoro He cJia BBaxkaTu BipOriTIHUM Map-
KepoM akceJepallii KicTKoBoi penapaliii. [lepcrieKTuBHU-
MM BBaXXAEMO TMOJAJIbII KJiHIKO-€KCIIEPUMEHTAIbHI Ta
TiCTOJIOTIYHI TOCIiIXKEHHS 7151 BUSIBJCHHSI MOXJIMBUX TY-
MOpaJIbHUX Ta/a00 KIITMHHUX MPEIUKTOPiB Ta (haKTOpiB
akceJsepallil KicTKOBOTO peMOJIeIFOBaHHS.

Kokt iHTepeciB. ABTopu 3asiBISIOTH PO BiICYT-
HiCTh KOHQJIIKTY iHTepeciB Ta BiIacHOi (hiHaHCOBOI 3alli-
KaBJICHOCTI IIpH MiATOTOBLI JaHOI CTATTi.

Indopmania npo dinancyBanus. JociimkeHHs TpoBe-
JIeHe 3a OI0IKeTHi KOIITH B paMKaX BUKOHAHHSI HayKOBO-
nocigHol pobotu Kadenpu TpaBMAaToOJIOrii, opTomenii Ta
HEBIAKJIAAHOI BilicbKOBOI Xipyprii IBaHO-®paHKiBCHKOTO
HAlliOHAJTbHOTO MEAUYHOTO YHIBEPCUTETY.

Incdopmariis npo BHECOK KOXKHOTO aBTopa. bhieyn P.P. —
po3pobKa i BpoBazKeHHS MOJIe]Ti Ta METO.Y, 30ip i 06p06-
Ka Marepiany, oOpoOKa Ta aHajli3 OTPUMAaHUX JaHUX, Ha-
nucaHHs Ta nepekian Tekcty; Cyauma B.C. — KoHUeNis
i MU3aiiH JOCTiMKEeHHs, po3po0Ka i BIIpOBaIxKEHHS MOIEIIi
Ta METOMY, pelicH3YBaHHSI Ta pelaryBaHHs TEKCTY, HATJIS
Ta MEHTOPCTBO MpU 300pi matepiany; Kyze V.B. — 30ip i
00pobOKa maTepiaay, 00poOKa i aHali3 OTpUMaHUX JAaHUX,
Omenvuyk B.Il. — perLieH3yBaHHS Ta pelaryBaHHS TEKCTY.

Ilopsiku. ABTOpU ISIKYIOTH 3a JIOMOMOTY B BUKOHAHHI
eKCIIepUMEHTY Ha JabopaTopHux TBapuHax Cauky AH-
NIpil0, a TaKOX ITpalliBHMKaM JabopaTopii GioereMeHTo-
Jiorii IBaHO-PpaHKiBCHKOro HaliOHAIBHOTO MEAUYHOTO
YHIBEpCUTETY 32 BUKOHAHHSI JJaOOPaTOPHUX JOCTiTKEHb.
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Serum blood parameters changes as a possible sign of accelerated bone healing
in case of cranio-skeletal multitrauma

Abstract. Background. Acceleration of fracture healing is a phe-
nomenon known for over 30 years and is observed in patients with
concomitant cranio-skeletal trauma. To date, there is no single
theory explaining the phenomenon. The search for factors that
determine this phenomenon is ongoing. The purpose of the study
was to assess changes in serum indicators as potential predictors of
the phenomenon of accelerated osteogenesis in the experiment.
Materials and methods. Experimental animals, female white rats
(n = 90), were randomly divided into two groups: control (n = 45)
with isolated femoral fracture and experimental (n = 45) with cra-
nio-skeletal polytrauma. The dynamics of serum indices were de-
termined on days 7, 14, and 21. Results. The average lactate dehy-
drogenase activity decreased (p < 0.001) in both groups on day 14
to equal values (p = 0.88). In the experimental group, lactate de-
hydrogenase activity remained lower (by 23 %, p = 0.004), while
in control group it increased (by 30 %, p = 0.015). The alkaline
phosphatase activity in the control group increased both on day

14 (by 105 %, p < 0.001) and on day 21 (by 19 %, p = 0.06). The
protein level decreased by 14 % (p < 0.001) compared to day 7 on-
ly in polytrauma group, while in control group data were not evi-
dent enough (p>0.05). The average blood calcium in polytrauma
group decreased (by 48 %, p < 0.001) on day 14 compared to day
7 but increased to baseline values on day 21 (p < 0.001). In con-
trol group, a decrease in calcium levels was observed both day 14
(p = 0.007) and day 21 (p = 0.001). Conclusions. On day 14 cal-
cium concentration decreased in both isolated trauma (by 15 %,
p < 0.001) and polytrauma (by 48 %, p < 0.001) groups. While
lactate dehydrogenase activity decreased in both groups on day
14, alkaline phosphatase activity increased to its peak value. The
blood protein should not be considered a relevant marker of frac-
ture healing acceleration.

Keywords: polytrauma; bone regeneration; experimental animal
models; blood proteins; alkaline phosphatase; calcium; lactate de-
hydrogenases

Tom 13, N2 4, 2023

www.mif-ua.com, http://pjs.zaslavsky.com.ua



bUJIb. PAIN:
CYIJIOBNM. JOINTS.
XPEBET SPINE

OpuriHanbHi gocnigKeHHA

Original Researches

UDC612.75:612.67.001.573 DOI: https://doi.org/10.22141/pjs.13.4.2023.394

N.V. Grygorieva', A.V. Pisaruk’, V.H. Gurianov?, A.S. Musiienko', V.V. Shatylo®
'State Institution “D.F. Chebotarev Institute of Gerontology of the NAMS of Ukraine”, Kyiv, Ukraine

2Bogomolets National Medical University, Kyiv, Ukraine
3National Technical University “lhor Sikorskyi Kyiv Polytechnic Institute”, Kyiv, Ukraine

Assessment of the bone biological age using
multiple regression and neural network analysis

Abstract. Background. Nowadays, many studies confirm the increased risk of osteoporosis in the elderly.
Strategies for optimizing diagnosis include a combined use of various methods, so calculating bone biological
age (BA) can also be important for disease prediction. Recently, some new methodological approaches to BA
calculation with the mathematical methods implementation were proposed. However, studies utilizing advanced
approaches, particularly neural network (NN) in Ukraine, are limited. The purpose of this study was to develop
a bone BA model and compare its accuracy using stepwise multiple regression (MLR) and NN analysis methods.
Materials and methods. In a single-center cohort study, we retrospectively analyzed the data of 3,071 healthy
women aged 40-90 years. The analysis of the study indices included the anthropometric parameters, dual-energy
X-ray absorptiometry indices (DXA), and the parameters of the 10-year probability of major osteoporotic fractures
(FRAX). For the development of bone BA models, MLR methods were used and the construction of the NN model
was performed using a multilayer perceptron model. Results. As a result of the calculation, we received the MLR
formula for bone BA determining bone mineral density (BMD) of lumbar spine and radius, minimal femoral and hip
BMD as well as Trabecular Bone Score, and FRAX. The MLR equation allowed to calculation of the bone BA with an
error of less than 4.9 years for study and control groups and demonstrated the high connection between calculated
and chronological (ChrA) ages (R = 0.77; p < 0.00001). The use of NN analysis showed the best results using 6 input
variables and 1 internal layer of 7 neurons. The assessment of the connection between BA and ChrA demonstrated
a high coefficient of correlation (R = 0.88; p < 0.000001) with an average error of age calculation of less than 3.7
years for the study and control groups. Conclusions. A comparison of the accuracy of both models in bone BA
estimation revealed a significant advantage of the deep learning NN, however, the use trained NN model requires
specialized software, whereas the MLR formula can be used without additional costs.

Keywords: biological age; bone; osteoporosis; neural network; machine learning

Introduction

Current demographic trends demonstrate a significant
aging worldwide in general, and Ukraine in particular. The
war in Ukraine over the past two years has also had a sub-
stantial impact on the age and gender distribution of the
country’s population, leading to human losses, internal and
external migration, and an increased proportion of elderly
people. So, the enlarged number of elderly subjects overall in
the Ukrainian population structure can pose a challenge to
the country’s healthcare system, given the various age-rela-
ted diseases that lead to limitations in the functional capacity
of the patients, an increased disability, and mortality [1, 2].

Osteoporosis is the most common metabolic bone disease
associated with aging, leading to an increased risk of low-
trauma fractures [3, 4]. Every third woman and at least every
sixth man experience an osteoporotic fracture during their

lifetime. According to research conducted at the Ukrainian
Osteoporosis Center, the number of women with osteoporo-
sis in Ukraine today may exceed 1.8 million [5]. Osteoporotic
fractures result in reduced life expectancy and loss of patient
abilities, with significant socio-medical consequences for
both patients and the healthcare system [3—5].

Nowadays, dual-energy X-ray absorptiometry (DXA),
which measures bone mineral density (BMD), one of the
main determinants of bone strength and fracture risk, is the
“gold standard” for diagnosing osteoporosis [6]. Recently,
strategies for optimizing early osteoporosis diagnosis have
been enhanced by using a combined approach involving
other methods for fracture risk assessment, such as trabecu-
lar bone score (TBS) [7, 8], FRAX algorithm [9, 10], etc.
Current studies have demonstrated higher efficacy of the
combined approach in diagnosing osteoporosis and predic-
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ting osteoporotic fractures compared to using a single diag-
nostic method [11].

Recently, some new methodological approaches for im-
proving the efficiency of early osteoporosis diagnosis and
fracture risk prediction were performed due to the imple-
mentation of some mathematical analysis methods. Ob-
viously, the use of artificial intelligence in the future can
enhance the effectiveness of individual osteoporosis risk as-
sessments and the timely beginning of preventive strategies.
In this context, the concept of biological age (BA) of various
human systems, including the bone, is important [12—14].

According to the data of some studies, BA calculation
consists of the measurement of quantitative indices known
as biological aging markers (BAMs), which are highly cor-
related with age, readily measurable in routine clinical con-
ditions, and minimally influenced by concomitant diseases
and conditions. BAMs include the various anatomical,
functional, biochemical, immunological, genetic, and epi-
genetic parameters [15—18], however now there is no gene-
rally accepted set of such markers due to the heterogeneity
and heterotopy of aging processes.

It is well known that personal aging rates can vary sig-
nificantly. BA may either coincide with chronological age
(ChrA), when the aging process is considered physiological,
or significantly exceed ChrA, indicating accelerated aging.
The equation of the multiple linear regressions (MLR) is a
widely accepted mathematical method for BA assessment
that relates ChrA to various quantitative indices [19, 20].
However, in recent years, artificial intelligence methods
have been increasingly used for BA determination [12, 14].
These methods primarily involve data analysis techniques
based on artificial neural networks (NN). If a NN recog-
nizes a person’s age as significantly exceeding their ChrA,
it concludes that accelerated aging is occurring. Therefore,
the age calculated by a NN is logically considered their BA.
The application of NN for BA assessment has shown high
efficiency by all criteria, including the absence of systematic
errors commonly associated with MLR-based methods
[22]. Recently, this strategy of data analysis has been widely
used to explore the studying its possibilities in osteoporo-
sis screening and predicting osteoporotic fractures [23—26].
Despite the studies conducted in Ukraine in recent decades
and devoted to the modeling of bone BA [27, 28], studies
utilizing advanced data analysis approaches, particularly
NN, are currently absent.

The aim of this study was to develop a bone BA model
and compare the accuracy of its determination using MLR
and NN analysis methods.

Materials and methods
Population

In a single-center cohort study performed in the SI
“D.FE Chebotarev Institute of Gerontology of the National
Academy of Sciences of Ukraine”, we retrospectively ana-
lyzed the data of 3,397 women aged 40—90 years, without
any previously confirmed bone diseases and conditions,
who outpatients turned to the doctors of the Institute for an
annual preventive examination for the period from 01.2017
to 01.2022.

Tom 13, N2 4, 2023

Exclusion criteria from the analysis were the presence of
diseases of the cardiovascular, respiratory, endocrine, and
central nervous systems, chronic diseases of the liver and
kidneys, hematopoietic system in the stage of sub- or de-
compensation, and taking drugs with a proven negative ef-
fect on the bone. The data of 3,071 females were included in
the final analysis.

This study was conducted in accordance with the re-
quirements of compliance with ethical norms and principles
of the Helsinki Declaration. The Ethics Committee of the
Institute (protocol No. 5 dated April 12, 2023) approved its
conduction and design. All subjects signed a voluntary in-
formed consent for the use of their data in the framework of
scientific research in the Institute.

For the analysis, the examined were divided by decade
into 5 subgroups depending on age: 40—49 years (n = 374),
50—59 years (n = 910), 60—69 years (n = 1,147), 70-79
years (n = 531) and 80—89 years (n = 109).

Methods

The analysis of the study indices included the anthro-
pometric parameters (age, height, body weight) with the
calculation of body mass index (BMI), DXA indices, and
the parameters of 10-year probability of major osteoporotic
fractures (MOFs) and hip fractures (HFs) using FRAX al-
gorithm.

Anthropometric indices were measured in the subject
without upper clothing before DXA was performed using an
electronic scale (with 1 g gradation) and a portable stadio-
meter (with 1 cm gradation). BMI (kg/m?) was calculated
using the standard formula and defined as the ratio of body
weight (kg) to the square of height (meters).

Bone mineral density (g/cm?) was determined using
DXA with the Prodigy, GEHC Lunar densitometer, asses-
sing indices of the total body, lumbar spine (LS, L -L, mea-
surement), proximal femurs (hip), and femoral necks (FN)
as well as the ultradistal radius. Quality control of the proce-
dure was conducted in accordance with the manufacturer’s
recommendations, including daily calibration of the device
and the use of a phantom. For further analysis, the minimal
indices from both hips and femoral necks BMD measure-
ments were also used.

The trabecular bone score (TBS, units) index indirectly
reflected the bone quality assessed using the TBS iNsight®
software (Medimaps, Pessac, France) installed on the
DXA.

The 10-year probability of the risk of MOFs (clini-
cally significant vertebral fractures, and the hip, shoulder,
and forearm fractures) overall, and HFs particularly, were
conducted using the Ukrainian version of the FRAX ques-
tionnaire (respectively, FRAX-MOFs and FRAX-HFs, %)
without taking into account the DXA results.

Statistical methods

For the analysis of the study results, we used the methods
of variation statistics and MLR methods using Statistica 7.0
software (StatSoft, USA). Comparison of mean values and
their standard deviations (M * SD) in different age groups
was carried out using one-way ANOVA. Also, we used Pear-

www.mif-ua.com, http://pjs.zaslavsky.com.ua




OpwriHanbHi gocnigkeHHs / Original Researches

son’s correlation test for the measurement of the statistical
relationship between two continuous variables. Differences
between the groups were considered significant at p < 0.05.
For the development of BA models, stepwise MLR methods
were used. For a qualitative assessment of the model, the
coefficients of multiple correlation R and determination R?
were calculated.

The construction of a neural network (NN) model was
performed in the Statistica Neural Networks package (Tra-
jan Software Ltd, 1996—1999, StatSoft Inc, 1998—1999). In
the analysis, all parameters (using a random number genera-
tor) were divided into 2 sets: a training one (2,771 subjects)
and a test set (300 persons). A multilayer perceptron (MLP)
model with one hidden layer was used. For the neurons of
the hidden layer, a weighted linear sum of input neurons
with a logistic activation function was used. For the output
neuron, a weighted linear sum of input neurons with a linear
activation function was used.

Mathematical modeling of BA was conducted by two
scientists parallelly in the Laboratory for Mathematical
Modeling of Aging Processes of the SI “D.E Chebotarev
Institute of Gerontology of the NAMS of Ukraine” and the
Department of Medical and Biological Physics and Infor-
matics of the Bogomolets National Medical University.

Results
Table 1 presents the mean values of the studied indices in
different age groups. The analysis using one-way ANOVA with
the “Age” factor showed that age-related changes were statis-
tically significant for all studied parameters (p < 0.001).
Correlation analysis confirmed a significant relation-
ship of varying degrees between age and the main anthro-

pometric (height: R = —0.27; BMI: R = 0.13) and DXA
(LS BMD: R = —0.15; FN (right) BMD: R = —0.36; FN
(left) BMD: R = —0.38; FN (minimal) BMD: R = —0.40;
hip (right) BMD: R = —0.28; hip (left) BMD: R = —0.26;
hip (minimal) BMD: R = —0.28; UDR BMD: R = —0.55;
TBS: R = —0.43) parameters of the subjects. A significant
relationship between age and the parameters of osteoporo-
tic fracture risks (FRAX-MOFs: R =0.43, and FRAX-HFs:
R = 0.57) was also established. However, we did not find a
significant linear relationship between age and body weight
(R = 0.02) in the studied cohort of women. It increased
approximately up to the age of 70 and subsequently de-
creased.

During the preliminary selection of indices for the buil-
ding of the BA model, a correlation matrix of these para-
meters was calculated. It was revealed a high correla-
tion between the FRAX-MOFs and FRAX-HFs indices
(R =0.86; p < 0.00001). So, to avoid the problem of col-
linearity, the ratio of these indices (FRAX-HFs/FRAX-
MOFs) was taken for further calculation.

Multiple regression model

The use of stepwise multiple regressions allowed us to se-
lect the most informative indices and receive an equation
that relates our cohort age with a series of studied para-
meters (Table 2).

The multiple correlation coefficient (R) of the model
consisted of 0.77; coefficient of model determination (R?)
was 0.60, respectively. Adjusted R? (taking into account the
number of predictors in the model) was also 0.60. Fisher’s
test demonstrated the high significance (F (6.33) = 812.11;
p <0.00001; Std error of estimate was 6.34). As a result of the

Table 1. Age-associated parameters of anthropometric, densitometric indices of the subjects,
and their parameters of osteoporotic fractures risk, M = SD

PUNINI Patient group, years
40-49 50-59 60-69 70-79 80-89
Age, years 45.39 £ 0.15 55.12 + 0.09 64.44 £ 0.08 73.77 £0.12 81.610 £ 0.270
Height, cm 166.00 £ 0.31 164.00 £ 0.20 162.00 £ 0.18 161.00 £ 0.26 159.00 £ 0.57
Body weight, kg 70.35+£0.76 75.37 £0.48 75.70 £0.43 73.48 £0.63 70.52+£1.40
BMI, kg/m? 25.67 £0.28 28.010£0.178 28.80+0.16 28.36 £ 0.23 27.86£0.51
FRAX-MOFs, % 3.83£0.17 527+0.11 6.74 £ 0.09 8.518 £ 0.140 9.29+£0.31
FRAX-HFs, % 0.49 £0.08 0.92 £0.05 1.65+£0.04 3.30 £0.07 4,76 £0.14
LS BMD, g/cm? 0.985 + 0.008 0.922 + 0.005 0.889 = 0.005 0.897 £ 0.007 0.908 £0.016
FN (right) BMD, g/cm? 0.783 £ 0.006 0.733 £ 0.004 0.689 = 0.003 0.654 = 0.005 0.604 £0.011
FN (left) BMD, g/cm? 0.778 £ 0.006 0.728 =+ 0.004 0.686 = 0.003 0.642 £ 0.005 0.601 £0.011
FN (min.) BMD, g/cm? 0.762 = 0.006 0.713 £ 0.004 0.667 = 0.003 0.626 = 0.005 0.579£0.011
Hip (right) BMD, g/cm? 0.927 £ 0.007 0.901 = 0.005 0.866 = 0.004 0.820 = 0.006 0.767 £0.013
Hip (left) BMD, g/cm? 0.930 = 0.007 0.902 = 0.005 0.873 £ 0.004 0.821 £ 0.006 0.781 £0.014
Hip (min.) BMD, g/cm? 0.913 £ 0.007 0.883 £ 0.005 0.850 = 0.004 0.800 £ 0.006 0.753£0.013
UDR BMD, g/cm? 0.675 = 0.004 0.634 = 0.002 0.582 £ 0.002 0.535 £ 0.003 0.508 £ 0.007
TBS, units 1.374 £ 0.006 1.286 £ 0.004 1.225 £ 0.003 1.207 £ 0.005 1.204 £ 0.010

Notes (here and in Table 2): BMD — bone mineral density; LS — lumbar spine; FN — femoral neck; UDR — ultradistal part of radius;
FRAX-MOFs — 10-year probability of major osteoporotic fractures; FRAX-HFs — 10-year probability of hip fractures; TBS — trabecular

bone score.
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calculation, we received the MLR formula for determining
BA which contains regression coefficients for each index:

Y=92.22+29.57X,+15.91X,-37.67 X,- 16.47 X, +
+8.01X,-19.74X,,

where Y — age, years; X, — FRAX-HFs/FRAX-MOFs, %;
X, — lumbar spine BMD, g/cm? X, — ultradistal radius
BMD, g/cm? X, — minimal femoral neck BMD, g/cm?;
X, — minimal hip BMD, g/cm?; X, — TBS.

Fig. 1 demonstrates the ratio of BA and ChrA. It is clear
that the scatter of points around the regression line is small
and the multiple correlation coefficient is high (r = 0.77;
p < 0.00001). The average absolute error of age calculation
was 4.55 years in the group of model building and 4.81 years
in the control group.

Neural network model

The use of NN in the Statistica 7.0 software we created
the NN model for recognition of the age of the examined
cohort based on the studied indices. To train the NN, the
studied parameters of the subjects were applied to its input,
and their ChrA was the output.

In the learning process, the NN looks for dependencies
between input and output data, changing the weighting co-
efficients of connections between neurons. The best results

were shown using the MLP Neural Network with 6 input
variables and 1 internal layer of 7 neurons (Fig. 2).

The informativeness of the selected indices which were
used for recognition of a person’s age presented in the
Table 3. The indices of FRAX-HFs/FRAX-MOF, BMD
of ultradistal radius, and lumbar spine had the highest
rank.

Fig. 3 shows the graph of the ratio of BA and ChrA (NN
model) and demonstrates that the scatter of points around
the regression line is small and the coefficient of multiple
correlation R was high (R = 0.88; p < 0.000001). The ave-
rage absolute error of age calculation was 3.63 years in the
study group and 3.67 years in the control group.

Discussion

Osteoporosis and its complications are an important age-
related disease with significant medical and social conse-
quences. To date, numerous studies have demonstrated that
old age is the critical period for the development of osteopo-
rosis and osteoporotic fractures. Timely personal assessment
of the aging rate of the bone system makes it possible to as-
sess the disease risks in time, to diagnose it in the early sta-
ges to start preventive and therapeutic measures in a timely
manner, and to prevent progression with the development
of its complications (low-trauma fractures). In this regard,
there is a need to create a mathematical model of the aging

Table 2. Results of the MLR equation calculation for the dependent variable “Chronological age”

Indices b* SE of b* b SE of b t p
Intercept 92.22 1.44 64.09 0.0001
FRAX-HFs/FRAX-MOF, % 0.47 0.01 29.57 0.81 36.30 0.0001
LS BMD, g/cm? 0.27 0.02 15.91 0.97 16.44 0.0001
UDR BMD, g/cm? -0.34 0.02 -37.67 1.73 -21.82 0.0001
FN (min.) BMD, g/cm? -0.21 0.02 -16.47 1.91 -8.63 0.0001
Hip (min.) BMD, g/cm? 0.1 0.02 8.00 1.64 4.87 0.0001
TBS, units -0.25 0.01 -19.74 1.10 -17.90 0.0001

Notes: Y — dependent variable “Age”; Intercept — free member of the equation SE of estimate — standard error of estimation;
b — regression coefficient; b* — standardized regression coefficient; SE of b* — standardized error of the coefficient, p < 0.05; t —

Student’s test; p — significance of the model.
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Figure 1. Correlation between biological
and chronological age (MLR model)

Figure 2. Structure of a neural network
for biological age calculation
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Table 3. Informativeness of age recognition indices

Model indices Informativeness rank Rank
FRAX-HFs/FRAX-MOF, % 1.003064 1
UDR BMD, g/cm? 1.000562 2
LS BMD, g/cm? 1.000544 3
Hip (min.) BMD, g/cm? 1.000167 4
TBS, units 1.000148 5
FN (min.) BMD, g/cm? 1.000004 6

of the bone and to develop a method for assessing the speed
of its aging using modern research methods.

As mentioned above, older and elderly age are critical
periods for the risk of osteoporosis and fractures. However,
actual available tools cannot fully predict disease and its
complications, so the development of new strategies, in par-
ticular using artificial intelligence, is important.

Osteoporosis reflects the accelerated rate of bone aging
so calculating its BA can be useful for predicting the disease.
Backin 1935, D.G. Rokhlin et al. attempted to calculate the
“bone age” using X-ray indices. Later studies conducted at
the Institute of Gerontology of Ukraine, calculated formu-
las of bone BA for the Ukrainian population, first taking into
account the indices of ultrasound densitometry, and later —
DXA parameters [27, 28]. It was demonstrated that the de-
gree of bone aging in persons with hip fractures exceeded
the population standard by 8.5 years in the age 60—69 years
and by 10.3 years in the age 70—79 years. Accelerated bone
aging to a significant increase in the proportion of subjects
with severe osteoporosis among patients with hip fractures
(60—69 years — 90 %; 70—79 years — 100 %) [27].

The generally used method of BA calculation is the quan-
titative BAMSs assessment, which can include BMD indices.
Despite the fact that until now there is no universally accep-
ted set of such markers for the assessment of bone BA, the
combination of DXA indices (BMD and TBS) together with
other parameters independently associated with the risk of
osteoporotic fractures can be valuable for the calculation of
the rate of bone aging. In our recently published pilot study

R =0.88; p<0.0001

Biological age, years

45 50 55 60 65 70 75 80 85 90 95 100
Chronological age, years

30 35 40

Figure 3. Correlation between biological and chronological
age of the subjects (NN model)
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[29], using the MLR method, a BA model of the bone was
demonstrated taking into account DXA and FRAX indices,
but the limitation of the study was the small sample size.

A generally accepted mathematical method for BA cal-
culation is MLR [13, 19]. To determine the coefficients of
this equation, data from the examination of a large cohort
of healthy subjects of various ages is usually used. In the fu-
ture, to determine the BA of a specific subject, the data of
specific methods are used, and the BA is calculated based
on the resulting equation. The magnitude of the difference
between BA and ChrA, which is considered physiological or
pathological, depends on the error of determining BA. If the
calculated age of a person significantly exceeds the ChrA, a
conclusion is made about accelerated aging.

In recent years, methods of artificial intelligence [12, 23,
24], in particular, mathematical methods based on the NN,
used for data analysis, are increasingly share for BA deter-
mining. The ability to learn is one of the main NN advan-
tages over traditional algorithms. Learning consists in fin-
ding the coefficients of connections between neurons. In the
process of learning, the NN is able to detect complex non-
linear dependencies between input and output data. To train
NN to recognize a person’s age, its input is provided by the
results of examination of large cohort of persons of different
ages — BAM values. The BA of these subjects is determined
as a variable at the output of the NN. The effectiveness of
the trained NN is tested on a new (control) sample of sub-
jects of different ages. A NN trained to recognize a person’s
age is used to determine the person age based on their BAMs
data. If the NN recognizes a person’s age, which is signifi-
cantly higher than the BA, then it can be concluded about
accelerated aging. Therefore, it is logical to consider the
person age, calculated by a NN, as BA. The use of NN for
the BA estimation has shown their high efficiency according
to all criteria, in particular, the absence of systematic error
characteristic of methods based on MLR [22, 23].

For BA model creation we used the main anthropometric
indices (height and body weight, which have been proven to
correlate with the risk of osteoporotic fractures), BMD pa-
rameters, which are an important predictor of bone strength
and osteoporotic fractures, bone quality index (TBS), and
FRAX, which calculates the 10-year probability of MOFs
and includes different clinical risk factors for osteoporosis
and fractures. As a result of the calculation, we received
MLR formula for BA determining BA which consisted of
DXA parameters (lumbar spine and ultradistal radius BMD,
minimal femoral and hip BMD, as well as TBS) and para-
meters of 10-year probability of main osteoporotic fractures
(FRAX-HFs/FRAX-MOFs).

The coefficient of multiple correlation R of predictors
with the dependent index (age) using MLR method was 0.77
and the average absolute error of age calculation was less 4.9
years in both (control and model building) group. The co-
efficient of multiple correlation of predictors with the de-
pendent index “Age” confirmed a high correlation between
them. The coefficient of model determination (R?) which
was 0.598 shows that 59.8 % of the Y index variance can be
explained by the predictors included in the model. Adjusted
R? usually is more accurate for the measurement of model

Tom 13, N2 4, 2023




OpwriHanbHi gocnipxeHHs / Original Researches

adequacy; it was also high (adjusted R? = 0.60). Fisher’s test
indicated the high significance of the model (p < 0.0001).

The coefficient correlation (R) of predictors with the
dependent index (age) using NN analysis was 0.88 and the
average absolute error of age calculation was less 3.7 years
in both (control and model building) group. Comparison of
the accuracy of BA estimation using MLR and NN models
revealed a significant advantage of the deep learning NN.
However, to use the trained NN for BA calculating of spe-
cific subjects, specialized software is required, whereas the
application of the MLR formula is readily available and can
be used without additional costs.

Study limitations. The created mathematical models of
the bone BA have high accuracy, however, should be studied
in other cohorts of the subjects before wide implementation
in clinical practice. Also, for risk of disease assessment, it is
important to take into account other osteoporosis risk factors,
which are not included in the FRAX. The additional request
is confirmation of the efficacy of these models not only for os-
teoporosis prognosis but also for the prognosis of main osteo-
porotic fractures, which will be the aim of our future studies.

Conclusions

The MLR equation, which relates the subjects’ age with
different parameters of osteoporotic fracture probability
(BMD, TBS and FRAX), allows you to calculate the bone
BA with an absolute error of 4.81 years. This accuracy is
sufficient for the selection of persons at risk of accelerated
aging. The use of the NN analysis makes it possible to deter-
mine the bone BA with an error of 3.67 years, which is suf-
ficient for distinguishing between physiological and accele-
rated aging. Comparison of the accuracy of both models in
BA estimation revealed a significant advantage of the deep
learning NN, however, the use trained NN model require
the specialized software, whereas MLR formula can be used
without additional costs.
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OuiHka 6ionoriuyHoro BiKy KicTKOBOI cucTeMmu 3a 4ONOMOrol0 MHOXVMHHOI perpecii
Ta HelipoMepeKeBoro aHanisy

Pe3tome. Axmyaavnicms. Ha choronui B YMcIeHHUX JOCTiKEH-
HSIX MiATBEPIKEHO 3POCTAHHSI PU3UKY OCTEONOpPO3y B OCI0 JIiT-
HBOTO i cTapeuoro BiKy. CtpaTerii onmTuMi3alii JiarHOCTUKU OCTe-
OIMOPO3Y BKJIIOUAIOTh KOMOiHOBaHE BUKOPUCTAHHS Pi3HUX METO-
IiB, TOMY po3paxyHOK OiojioriuHoro Biky (BB) kicTkoBoi TKaHU-
HU TaKOX MOXe OyTU BaXJIMBUM y TIPOTHO3YBaHHI 3aXBOPIOBAH-
Hs1. OcTaHHIM YacoM 3alpPONOHOBAHO HOBI MiIXOAM 10 PO3paxXyH-
Ky BB 3a normoMoroiw MareMaTUYHUX METOJIB aHaIi3y, MPOTe J10-
CITIKEHHSI 3 BUKOPUCTAHHSIM IIUX TTIIXOMiB, 30KpeMa HeiipoOHHOL
Mepexi (HM), B Ykpaini oomexeni. Memoro nocnigxeHHs Oyia
po3pobka mozaeni bB KicTKoBOi TKAHWHM Ta MOPiBHSHHS 11 TOY-
HOCTIi 3a IOIIOMOTOIO0 METOMIB ITOKPOKOBOI MHOXMHHOI perpecii
(ITMP) i HM-ananizy. Mamepiaau ma memoou. B onHOIIEHTPO-
BOMY KOTOPTHOMY JIOCJIIKEHH] PETPOCTIEKTUBHO MpoaHali3oBa-
Ho moka3zHuku 3071 3mopoBoi XkiHku Bikom 40—90 pokiB. AHati3
BKJIIOYAB aHTPOTIOMETPUYHI MapaMeTpu, NMOKa3HUKU JIBOXEHep-
TFeTUYHOI PEHTreHiBCbKoi abcopbiiiomeTpii Ta 10-piuHOi iiMOBIp-
HOCTi OCHOBHUX OocTeornopotndHux nepeaomiB (FRAX). st pos-
pobOku Mozeneil BB KicTKoBO1 TKaHMHU BUKOPUCTOBYBAJIU METOT
[IMP, a no6ynoBy mozeni HM npoBoauim 3a 1onoMoro Mozeni
GaraTolapoBoro nepcentpoHa. Pe3yasmamu. Y pe3ynabraTi po3-
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paxyHKy oTpumaHo (opmyny ITMP mis BB KicTKoBoi TKaHMHH,
10 BKJIIOYA€ MOKA3HMKM MiHEPAJTBHOI LIIIBHOCTI KiCTKOBOI TKa-
Huan (MIIKT) nonepekoBoro Bimminy xpedTa, TpoMeHeBOi KiCT-
Ku, MiHiManbHi mokazHuku MILKT npokcumanbHOro Bimmimy
CTETHOBOI KiCTKM, TpabeKyIsipHUil KicTkoBuii iHaekc Ta FRAX.
Pigusinast [IMP no3Bomwmiio pospaxysatu BB KicTkoBoi TKaHU-
HU 3 MoxubKkow MeHiie 4,9 poky JUisi AOCTiIXKYBAaHOI Ta KOHT-
POJILHOT IPyYTI i IPOIEMOHCTPYBAJIO BUCOKUI 3B’SI30K MiX po3pa-
xoBaHUM BB ta xpononorianum Bikom: R =0,77; p < 0,00001. Pe-
synbrati HM-aHajisy 6y HailKpalluMu TIpU BUKOPUCTAHHI 6
BXiIHUX 3MiHHUX Ta OJHOTO BHYTPIlLIHOTO IIapy i3 7 HEHPOHIB.
3B’430K MiX OiOJOriYHUM Ta XPOHOJIOTIYHUM BiKOM OYB CHUJIb-
Hum (R = 0,88; p < 0,000001), i3 cepeaHboI0 MOXMOKOIO po3pa-
XYHKY BiKy MeH1Ie 3,7 poKy /sl JOCTIKYBaHOT Ta KOHTPOJIbHOT
rpy1t. Bucnoeku. T1opiBHSIHHSI TOUHOCTI 000X MOJIEJIEH MTPU OLLiH-
ui BB kicTku BusiBuno 3HauHy nepesary HM rinubokoro HaBYaH-
Hsl, TpoTe HaBuyeHa Mojeab» HM BuMmarae crieiiianizoBaHoro npo-
TpaMHOTO 3abe3mnedeHHs, Toai sk hopmyiny [IMP moxHa BUKo-
pucTOBYBaTH 0€3 10AATKOBUX BUTPAT.

KiouoBi cioBa: Giomoriunmii BiK; KicTKa; ocTeonopos; Heii-
pOHHA Mepexa; MalllMHHEe HaBYaHHST
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AHanis Hanpy»eHo-AepopMOBaAHOro CTaHy
TPUBMMIPHOI MoAeni OAHOMOJMIOCHOro eHAoNpoTesa
npu 3MiHN NONOXEHHA BeJINKOro rop6ka
Nnne4yoBol KiCTKN

Pe3slome. AkmyanbHicme. 3MiHa NONOXEHHA BENMKOro ropbka nicsisi O4HOMOMIOCHOO eHAONPOTE3yBaHHSA nie-
yoBOro cyrnoba BrMBa€E Ha HanpyXeHo-gepopmoBaHuii cTaH (HAC) KOHTAKTHUX NOBEePXOHb. OfHI€I0 3 BaXKNUBUX
YMOB BijHOBJIEHHA NMOBHOIO Aiiana3oHy pyXxiB y Nie4yoBoMmy Cyriobi nicns eHAONPOTe3yBaHHA Ta 6iNbll TpuBanoro
TepMiHy cny6u eHAoNpoTe3a € aHAaTOMiYHEe PO3TallyBaHHA BeNMKOro ropbka. Mema pocnigxeHHA: po3pobuTn
TPUBMMIPHY Mogenb Ta npoBecTy aHanis HAC enemeHTiB NneyoBoro cyrnoba i iMniaHTiB OAHOMOMCHOTO eHo-
npotesa npu 3miHi piBHA dikcauii Benukoro ropbka. Mamepianu ma memoou. 3acobamy NPorpaMHOro nakerta
SolidWorks nobypoBaHa imiTauiiHa 3D-mogenb nneyoBoro cyrnoba, AnA CTBOPEHHA AKOI 3aCTOCOBYBaM aHaTo-
MiYHi 1 aHTPOMOMEeTPUYHi AaHi. 3acobamu nporpamHoro naketa ANSYS npoBefieHo po3paxyHku HOC monenen
NnevyoBoro cyrnoba 3a Pi3HUX NONOXeHb CyMAapHOro BEKTOPa HaBaHTa)eHb 3a/1eXHO Bifl BapiaHTa NoJIOXKeHHs Be-
nukoro ropbka nnevyooi KicTku. Pesynemamu. AHaniz HOC Ha MmofentoBaHHi HaBaHTaXXeHH:A nineyoBoro cyrnoba
3i 3MiHOI NONOXEHHA BEIKOro rop6Ka 3 KyTOM BiABeZeHHs nieya Ha 60° NoKasas, Lo MaKCUMarbHe 3pOCTaHHsA
3HaueHb Hanpy»eHb CNoCTePIraETbCcA Ha CyOXOHAParbHil KiCTLi rnMeHoiganbHOI 3anaanHM Npuv 3MiLLEeHHI BeJTMKO-
ro rop6ka nneyoBoi KicTkM Ha 1 cm gonepepy — y 3,4 pasa, o omax = 4,02 MPa. 3mileHHA BennKoro ropbka Ha
1 CM fOHK3Y € ONTMMAaNIbHO JOMYCTUMUM MOJIOXKEHHSAM, NMPY AKOMY CybXOoHApanbHa KicTKa rneHoiganbHOT 3anagu-
HW 3a3Ha€ MiHIManbHKX 3HauYeHb Hanpy»keHb | agedopmadin. BucHosku. AHaniz HOC HaBaHTaxeHb y NobynoBaHii
TPUBUMIPHI MoAeni NnevoBoro cyrnoba nokasas, WO 3MiHa MOMIOXKEHHA BENMKOro ropbka BMMBaE Ha 3HaUYEHHSA
Hanpy»eHb, L0 BMHMKAOTb HAa KOHTAKTHUX CTPYKTYpax. BpaxyBaHHA LX 3HaYeHb HanpyXeHHA Ha KOHTaKTHUX MO-
BEPXHSAX, OTPMMaHUX Bifl po3pobneHoi Hamu imiTauiliHoT komn'toTepHoi 3D-mogeni nnevyosoro cyrnoba, fo3Bonse
NiABULNTA AKICTb NepefonepaLiiHoro nnaHyBaHHA 1 NOAINWWTY GYHKLi0 Nneya Ta 3MEHLWNTY MOXIUBI YCKNag-
HEHHA B nicnaonepauinHoMy nepioai.

KniouoBi cnoBa: nneyosuii cyrno6; cyrno6oBuil Xpsi; OAHOMOMOCHNI eHAOMPOTES; TPUBMMIPHA MOAESTb; Ha-
npy»keHo-aedpopmMoBaHI CTaH

Bctyn

Ha cboronHi omHOMOMIOCHE €HAOMPOTE3yBaHHS Ilie-
YOBOTO Cyrjioba € eeKTUBHUM METOIOM JIiKyBaHHS Oa-
ratopparMeHTapHUX TIEPEJIOMIiB TTPOKCUMATbLHOTO Bifl-
Ty IDIeYoBOi KicTku. HespomieHHs Ta HeIlpaBUJIbHE
pO3MillleHHSI TOPOKiB € (hakTopaMu PU3UKY MOPYIIESHHS
¢yHKIIil cyrinoba B miciasgornepainiiitHoMmy mepioni [1]. He-
MpaBWIbHE pO3TalllyBaHHsI BEJIMKOro ropoKa 3HaYHOIO Mi-
pOIO TIOB’sI3aHe 3 KOHCTPYKIII€IO iMIJITAaHTaTy ¥ TeXHiKOI0
dikcauii. ITicas iMrutanTauii HiXKKM eHIOIpoTe3a IJIeuo-
BOi KiCTKM (hparMeHTH BeJIMKOIo ropOka pernoHyloTh 3a
JIOTIOMOT010 HaKJIaJAeHHs IIBiB, a MOTIM MPUKPITLTIOIOTh
JIO HIXKKM 3a JOITOMOTOIO IPOTSIHOTO cepKisTKy [2]. I1po-

T€ IIBU CEPKIISIKY CXUJIbHI IO TTPOPi3yBaHHSI, 1110 MPU3BO-
IIATh 10 HETIPABWJILHOTO pO3TalllyBaHHSI BEJIMKOTO TopOKa.
YckiagHeHHsI, TOB’s3aHi 3 Mirpalliero BeJIMKOro ropoka
Ta 3MiHOIO TOTO BUCOTHU BiTHOCHO TUIEYOBOTO KOMITOHEH-
Ta, € OMHUMU 3 OCHOBHMX YCKJIaJHEHD IPYU BUKOPUCTAHHI
OITHOTTOJIIOCHOTO €HIOIpPOoTe3a K METOAY XipypridHOTO
JIIKyBaHHSI CKJIQIHUX MEPEJIOMIB IPOKCUMAJIbHOIO MeTa-
emiizy 1mae4oBoi KicTkM. JlocmimkeHHS AeMOHCTPYIOTh
TipiIi pe3yabTaTy 3 OAHOIOJIIOCHOTO €HAOMPOTE3yBaHH!,
KOJIY BeJIMKUI TOpOOK HE pO3TallloBaHU B aHATOMiYHOMY
MOJIOXEeHHi [3].

BupiltalbHUM ST pe3yJbTaTiB OJHOMOJIOCHOTO €H-
IIONPOTE3yBaHHs € 30ajaHcoBaHe (PYHKIIIOHYBAHHS Cy-
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XOXKUJIKiB POTATOPHOI MaHXETH, SIKE 3aJIeXKUTh Bifl 1OCST-
HEHHS aHaTOMIYHOI pemno3ulIii Ta 3poIIeHHs TOpOKiB [4].
Kpim TOrOo, mpaBuibHe po3TallyBaHHSI BEJIMKOTO ropoKa
3a0e3Ieuy€e aaeKBaTHUI HATIAT M’SIKUX TKAHUH i 3aImo0i-
rae yckiagHeHHsM. Ha skanb, npu 6araToparMeHTapHUX
rnepeomMax BeJIMKOTo ropoKa Ijae4oBoi KiCTKM CKJIaHO Bi-
3yaJIbHO imeHTHU(iKyBaTH BCi BiOIIOBiAHI (pparMeHTH IIepe-
JIOMY JIJ1s1 IOCSTHEHHSI aHATOMIYHOTO pO3TalllyBaHHS. Y Ta-
KMX YMOBaX BaxkKJIMBUM € 3HAHHSI aHATOMiUHUX OPiEHTUPIB
i po3yMiHHs1 O6ioMexaHiKu 1iedoBoro cyrioba [5]. PaHHe
«3HOUIEHHS» Xpllla CyrJIoO0BOI MOBEPXHI TJI€HOINATBHOL
3aMaguHu MPU3BOAUTH A0 3MEHIICHHSI TEPMiHY CITyXXOu
EHJIIOTpOoTe3a Ta BTpaTu (PyHKILil ruieyoBoro cyriaoba. Tpu-
BUMIipHE MOJECIIOBaHHS i METON CKiHYEHHUX eJIEMEHTIB
(CE) y 6iomexaHilli ryie4oBoro cyrjio0da 3aCTOCOBYIOTb JUISI
MOPIBHSUIBHOTO OLIiHIOBAaHHS SIK Y HOPMi, TaK i 3a 1aToJio-
Til, HAIpUKJIa[, Y BUIAOKY 3MillleHHsS BEJIUKOro ropOka,
i 9ac pO3pUBIB CYXOXWUJIKIB POTAaTOPHOI MAaHXXETH, BU-
KOHAHHS Pi3HUX BUIIiB OCTEOCUHTE3Y, a TAKOX €HIOIIPOTEe-
3yBaHHs. JIJIS MOJIMIIEHHS pe3yabTaTiB JiKyBaHHS MiCJIs
OJIHOTOJIIOCHOTO €HJIONPOTE3yBaHHS TJIEYOBOTO Cyrjioda
MU BUPILIWIM MPOBECTU PO3PAXYHOK KOHTAKTHUX HAIpy-
JKEHb y TIJICYOBOMY CYIJIOOi 3asIexXHO Bia Micls dikcartii
BEJINKOTO TOpOKa TUIeUYOBOI KiCTKM. 3HaHHS KOHTAKTHMX
HaBaHTaXXeHb Y CYIJIO0I in vivo, a TAKOX B3a€EMOIis M’ SI3iB i
CTabUIBHICTD 3B’SI30K i yac (hyHKIIOHATbHOI aKTUBHOC-
Ti BaXJIMBI U1 pO3YMiHHS MPOLIECiB, 110 TTPU3BOASTH 110
HecTabibHOCTI. TaKMM YMHOM, CTBOPEHHSI TPUBUMIipHOT
MaTeMaTUIHO1 MOJIeJi OTHOTIOIIOCHOTO €HAO0MPOTE3A TLIe-
YOBOTO Cyr100a 3 ypaxyBaHHSIM Mac-iHEepILiHUX XapakTe-
PUCTUK CETrMEHTIB OMOPHO-PYXOBOTO arapary JIIOIUHU €
aKTyaJbHUM i 3aCJIyTOBYE Ha MOJAAJIblle BUBUEHHS.

Merta mocimKeHHs: po3pOOUTH TPUBUMIPHY MOIEND i
MPOBECTU aHali3 HaIlpy>XeHO-Ae(OpMOBAHOIO CTaHy eJie-
MEHTIB IJIEYOBOIO Cyrioda i iMILJIaHTIB OJAHOMOJIOCHOTO
€HJI0NpOoTe3a MPU 3MiHi piBHS dikcallil BeIMKOro ropoka.

Marepianu Ta metogn

PospaxyHku HampyxeHo-1e(hOpMOBaHOTO CTaHy BU-
KOHYyBaJIM Ha 0a3i 1abopatopii 6iomexaHiku 1Y «IHCTUTYT
TpaBMmaToJiorii Ta opronenii HaiioHanbHOT akameMii Me-
IWYHUX HayK YKpainu», sika atecroBaHa JIIT «Ykpmerp-
TeCTCTaHIAPT» Ha IPOBEIECHHS BiAIIOBiIIHMUX BUMipIOBaHb
(cimonrrBo ITT-Ne 107/215 Bim 09.03.2021).

3acobamu niporpaMHoro nakera SolidWorks nodynosa-
Ha iMitaniiiHa 3D-Momenb mieuyoBoro cyrioda, ajis CTBO-
PEHHS SIKOi 3aCTOCOBYBAJIM aHATOMIYHi i1 aHTPOTIOMETPUY-
Hi 1aHi, MAaKCUMaJIbHO HAOJVXeHi 10 pealbHUX. Moaenb
ckJajanacs 3 eJIeMeHTIB: JIONATKU, Xpsilla cyrjioboBoi 3a-
MaJlHU, TUIEYOBOI KiCTKM, TOJIOBKM €HAOMpPOTE3a (M-

Ha ctaib 12X18H10T 3 BianmoBigHUMU MeXaHIYHUMU BJiac-
TUBOCTSIMM) (Tabui. 1), a TakoX M’SI3iB: m. supraspinatus,
m. infraspinatus, m. subscapularis Ta m. teres minor (puc. 1).
Cyryio6oBa ry6a BugajieHa. KyT BinBeaeHHS y TIJIe4OBOMY
cymio6i 6yB 60°, mpu HENTPaJIbHOMY IMOJOXEHHI (hIeKCii-
eKCTeH3il y cyrao0i.

Po3pobnena 3D-momens miedoBoro cyrioba Oyma iMm-
IOpPTOBaHA y MakeT IMpUKIagHoi mporpamu ANSYS 2022
R2 (ninensoBana Ontic Ltd 01159718, cepiitnuii Ne 0000-
0001-5371-9527, ANSYS, Inc., Canonsburg, PA, USA) [6].
PosrnsiHyan 5 pisHUX BapiaHTiB PO3MIillIEHHSI BEJIMKOIO
ropoka. [Moganbiii pozpaxynku HIC mozeni 3nilicHoBa-
s y nporpamHomy rnaketi ANSYS meronom CE, skuii Ha-
OyB TOLIMPEHHS SIK YUCEJbHUI METO/I PillleHHST KpaltoBUX
3a/1a4 MeXaHiKu CyILIbHUX CepeloBUIL, OPIEHTOBAHUI Ha
BUKOPUCTAHHSI TTPOrPaMHO-KOMIT IOTEPHOTO KOMILIEKCY.
Jmst mocmimKkeHHsT cTaOiIbHOCTI IIEYOBOIO Cyrjoba ak-
TUBHUMU cTabOimizaTropamu (M’SI31 POTAaTOPHOI MaHXKETH
mwieda (PMII)), 3anmexxHo Bim micus ¢ikcallii BeJIMKOro
ropOka Mie4oBOi KiCTKM, PO3IJISIHYTO 5 pi3HUX BapiaHTIB
iioro micasionepauiiiHoi dikcartii: 1) HopMa; 2) 3MillleHHS
BEJIMKOTro ropOka Ha 1 cM oriepeny (anterior); 3) 3MillIeHHSI
BeJIMKOro ropoka Ha 1 cM po3zany (posterior); 4) 3MillleHHS
BEJIMKOTo ropOKa Ha 1 cM J0BepXy (superior); 5) 3MillleHHS
BeJIMKOro ropoka Ha 1 cMm noHu3y (inferior).

J11st po3B’sI3aHHS KOXXHOI 3 3a71a4 3MiHIOBAJIM TTO3UIIIIO
TMPYXWH BiIMOBIIHO 10 Micus ¢ikcallii BeJTMKOro ropoka.
[Mpu ubomy BigOyBanucst 3MiHM CyMapHOTO BEKTOpa CUJI
Iii M’s13iB, SIKM1 3MiHIOBAB CBiil HAIIPSIMOK i Miclle TIpH-
KJIalaHHs 3aJIeXKHO Bif 3afadi. BennunHa cuay nuinanacs
(¢ikcoBaHOIO.

Po3paxyHOK KOHTaKTHHMX HaIpyXeHb Y IJIEYOBOMY CY-
1001 TSI BCiX PO3IVISIHYTUX MOJIOXKEHDb BEPXHbOI KiHIIiBKI
BUKOHAHMIA 3 ypaXyBaHHSM Mac-iHepUilHUX XapaKTepuc-
TUK CEIrMEHTIB OIOPHO-PYXOBOro amapary JoauHu. Ilig
yac po3paxyHKy B3TO TaKi IMOYATKOBI MapamMeTpu: maca
JIOAWHU 75 KT, Maca BepXHbOi KiHIiBKH 3,75 KT (5 % Bin
Macu Tina, P = 37,5 H), Bincranp Bin miedoBoro cyrioda
IO LIEHTpa Mac BepxHboi KiHIiBKM 32 cM (Lr); BimcraHb Bif
MicClIsl KPIiTlJIeHHSI M SI13iB JI0 1IeHTpa 00epTaHHSI B TUIEUO-
BoMYy cyri100i B cepenHbomy 6 cMm (LV) [7]. HaBaHnTaxeHHs
Ha M’$SI31 PO3paxOBYBaIM Bill MACH BEPXHBOI KiHIIiBKH, O3
JIOJIATKOBOTO HaBaHTa KEHHSI.

Pospaxynku HJIC njs Bciei Mozeni B LIJIOMy HaBeIeHO
Ha puc. 2.

Kommnpecyroui cuim, siKi reHepyloTh M’ 134, PO3TO/i-
JII0ThCS HEPIBHOMIPHO, a came: m. subscapularis — 53 %,
m. supraspinatus — 14 %, m. infraspinatus — 22 %, m. teres
minor — 10 % Bin 3arajbHOI KOMIIpecylouoi cvim [8].
ToOTO Miclie TIpUKJIagaHHS CUJINA 3MIIIYETHCS BidITOBiI-

Ta6nuys 1. QisuyHi enacmusocmi enemeHmie mooeni 3 eHoonpome3om 20/108KU NJ1e40801 KicmKu

Tun TKAHUHKU/TIOKa3HUKKN Mogaynb lOHra, MPa

KoedoiuieHT lNMyacoHa, p? Me:ka miyHocTi, MPa

MeaunyHa ctanb 12X18H10T 200 0,3 196,0
KopTukanbHui wap 17,6e2 0,3 93,4
CnOHrio3HUI Wwap 500 0,2 17,5
Xpsiwy, 50 0,45 16,7
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HO 10 TOJIOXEHHSI BEJMKOro ropobka rjiedyoBoi KicTKU
(momepeny, m03aay, TOBEpXy Ta AJOHM3Y). BinmmosigHo no
1IbOTO 3MiHIOETHCS i BeKTOp cuil. [1pn HOpMasibHOMY T10-
JIOKEeHHI BEJIMKOIO TOpOKa 1ieli BEeKTOp HaIpaBIeHUM y
LIEHTP TJIeHOIAaIbHOI 3anmaaunu. [1pu 3mileHHi BeuKo-
ro rop0Ka IIe4oBoi KicTKM Ha 1 cM gomepeny, 103amy, 10-
BEepXy Ta JOHU3Y TaKOX 3MiHIOETHCS TOJOXKEHHS TOUKHU
MPOEKIIil ILOTO BeKTopa. BpaxoBylouu Te, 1110 KOXeH i3
M’S13iB 3[iMCHIOE Pi3HUII KOMIIPECYIOUMil BIUIMB TOJIO-
BKM TLIEYOBOI KiCTKM Ha TJIEHOiJadbHY 3amajuHy, CIO-
CTepIiraeThCsl BiIXUJIEHHSI CyMapHOIo BEKTOpa BiJ iloro
pedepeHTHOro MojoxeHHs [9]. TakuM YMHOM, KOMII-
pecylouMii BEKTOp CWJI Ma€ OJHAKOBY BEJIMYMHY, a 3i
3MiHOIO TTOJIOXKEHHSI BEJIMKOTO TOpOKa IJIEYOBOI KiCTKH
3MiHIOETHCSI IOTO HAIPSIMOK Ta TIOJOXEHHSI CyMapHOTO
BekTopa (puc. 3).

J171s1 GioJIOTIYHMX TKAHWH MOJEI TAKOX BBEACHO KO-
¢imieHT 3amacy MillHOCTi n, = 1,5. Toxi momycTumi 3Ha-
YeHHS HaIIPY>XeHb [UIs1 eHIOTpoTe3a:

o] = {%},

ne n,, — KoedillieHT 3amacy minHocti; R), — Mexa mil-
HOCTI TKAHUHU B3IIOBX BOJIOKOH (MPa);

[o]= {%} =131 MPa.

3 orjsmy Ha 3a3Ha4yeHi TpaHUYHI YMOBH, 3aCO0AMU ITPO-
rpamHoro mnaketa ANSYS nposeneHo pospaxynku HIC
MojIeJieit TITIeYOBOTO CyIio0a 3a pi3HUX MOJIOKEHb cymMap-
HOIO BEKTOpa HaBaHTAaXXEHb 3aJIeKHO Bil BapiaHTa 3Mi-
IIIEHHS BEJIMKOIO ropOKa IJIeY0BOi KiCTKH.

Ouinky HJIC mpoBomuiu Ha eleMEHTaX MOJAEN, IO
CKJIaJaloTh IIJIEYOBMIA CYIJI00, a caMe Ha XPSIIIOBil i KicT-
KOBill TKaHWHi IJIEHOIZAJbHOI 3amaJuHU, a TaKoX Ha
MOBEPXHI €HIOIMpPOTe3a TOJiBKM IJIEYOBOI KiCTKM, Y [i-
JITHKaX KOHTaKTy CYrJI000BUX IMOBEPXOHb. AHaJIi3 HAIpYy-
JKeHb 3a MizecoM Ta 3araqbHUX B3aeMoriepeMillieHb (Total
Deformation) 3nilicHIOBaJIN 1JIs1 MOJICJTi B 1IIJIOMY, @ TaKOX
OKPEeMO JUISl €JIEMEHTIB MOJIEi, IJIs YOTO 3a[aBajy J01aT-
KOBi OCi KOOpAMHAT, BiTHOCHO SIKMX BU3HAYaJld TepeMi-
IIeHHS B KOXKHIH i3 IUIOIINH.

Ha nactynmHomy eTarri, 3 ypaXyBaHHSIM BUILIEOIIICAHUX
IOMYyIIeHb i TPaHMYHUX YMOB, 3aco0aMM IIPOrpaMHOIO
nakera ANSYS nposeneHo pospaxyHku HJAC moneneit
MJIEYOBOTO CYrjaoba Mpu Pi3HUX TMOJOXEHHSIX CyMapHOIo
BEKTOpa HaBaHTaXXeHb 3aJIeXKHO Bil BapiaHTa 3MillleHHS
BEJINKOTO TopOKa IUIeYOBOI KICTKW. Y HamiBaBTOMAaTHUY-

HOMY DEXHMi 3reHepOBaHO elie-

Hasantamenmn 255 H

-HopcTke 3akpinnedHa
0.00 80,00 {rrrm)
[ S—
40,00

MEHTHY MOJEe/Ib, JIe TepeBaxkaiu
TeTpaeIpuuyHi Ta TeKcaroHajbHi
eJIeMEHTU 3 po3MipaMu, SIKi He
nepeBulyBaau 1 MM. Y HaliBax-
JIMBIIIMX TIEPeXimHUX HiISTHKAX
MOJIEJi 3 Pi3HUMU MeXaHiYHUMU
BJACTUBOCTSIMU €JIEMEHTHA CiTKa
3ryuryBajiacs s MiABUIIEHHS
TOYHOCTi pO3paxyHKiB.

Pe3synbraTtn

3a pesyabTaTaMH  PO3PaxyHKiB
BCTaHOBJICHO, IIIO 3aJIESKHO Bill 3Mi-
HU TIOJIOKEHHSI BEJIMKOTO TOpOKa

PucyHok 1. Po3paxyHkoea modesib nj1e408020 cy2/106a 3 ymoeamu 3aKpinsieHHa ma

HasaHMa»<eHHA

Mpumimku: 1 — m. supraspinatus, 2 — m. infraspinatus, 3 — m. subscapularis, 4 — m. teres

minor.

pO3IIONiI MaKCUMAaIbHUX 1 MiHi-
MaJIbHUX TOJIOBHUX HarpyXeHb Ha
KOHTAKTHUX ITOBEPXHSIX MOJIETI TIJIe-
YOBOTIO CYI7100a BiIPi3HSIETHCSL.
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PucyHok 2. 3azanvHi pesaynomamu po3paxyxky HAJC ona yinoi moodeni:
A — HanpyxeHHA (omax = 42,69 MPa); 6 — nepemiwjeHHsa (Amax = 2,3 mm)
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Posnonin HanpykeHb Ha CyOXOHIPaJIbHIl KiCTIIi TIIeHO-
imaJbHOI 3aIllaIlWHU Ta KiCTKOBIM TKaHWHI TJIEHOITAIBLHOT
3araaMHu TIPU 3MillIeHHi BeJIMKOTO ropOKa rjie4oBoi KicT-
KM TIOJIaHO Ha puc. 4.

ITpu HOpMasbHIl TTO3UILIi BEJIMKOTO TOpOKa IJIe4OBO1
KICTKM HaIpy>KeHHSI Ha KOHTaKTHUX eJIeMEHTax Mojie-
JIi pO3MONUISIOTECS piBHOMIpHO (puc. 4). MaxcuMmanbHi
HaIpyXeHHsI Ha Xpslli TJI€HOIIaJbHOI 3aMaauHu (omax)
craHoBiaTh 0,34 MPa, Ha cyOXoHApasbHiil KiCTLi IJie-
HoimajbHOI 3amaguHu — omax = 1,18 MPa, Ha cyrino6o-
Bilf MOBEPXHi TOJOBKM €HAOMPOTE3a IIEYOBOI KiCTKU —
omax = 5,42e-002 MPa. Ha nie4oBiii KicTii B MicCLISIX

3anaguHu — y 2,2 pasa, 1o omax = 2,64 MPa, Ha cyrio6o-
Biil TIOBEpPXHi TOJOBKM €HIOIpPOTe3a TJIeU0BOI KiCTKU IMO-
Ka3HUKM HampyXeHb 3Ha4yHO MeHIi (omax = 0,15 MPa).
Ha rutevoBiii KicTii B 30HI KpiruleHHs m. infraspinatus 3Ha-
YEHHST MAaKCUMaJIbHUX HampyXeHb — omax = 40,77 MPa.
3a yMOBM 3MillleHHSI BEJIMKOTO TOpOKa IIJIeY0BOI KiCTKI
Ha 1 cM ;momepeny HampyKeHHsI Ha KOHTAaKTHUX eJIeMeH-
Tax MO PO3MOIIISIIOTHCS TAKOXK PIBHOMIPHO. 3i 3MiHOIO
HaBaHTaXEHHST Ha M 513U BiIOYBaIOTLCS 3MiHU HaMpykKeHb
Ha eJleMeHTaxX MOJeJi 3i 3pOCTaHHSIM MaKCUMaJbHUX 3Ha-
YeHb: Ha XpsIli [JIeHOIaIbHOI 3ananuHu — y 3,7 pasa, 10
omax = 1,27 MPa, Ha cyOXoHIpaIbHil KiCTIi IIeHOIIaTb-

KpirieHHs1 M’si3iB PMIT  (mipy-
JKMH) MaKCUMaJIbHi HampyXeHHsI
CIOCTEPIratoThCsl B 30HI KPiTlJieH-
HSl m. Supraspinatus 3i 3Ha4YeHHsI-
MM omax = 26,62 MPa.

3a yMOBM 3MilllCHHSI BeJIU-
KOro TropOKa III€YOBOI KiCTKU
Ha 1 cM [mo3aay HaIpy>XeHHs Ha
KOHTAKTHUX eJeMeHTax Mojeni
PO3MOAISIIOTECSI  TAaKOX PiBHO-
MipHo. 3i 3MiHOI HaBaHTaXXEH-
HSI Ha M’$13U BiIOyBaIOThCSI 3MiHU
HanpyxXeHb Ha eJleMeHTax Mojesi
3i 3pOCTaHHAM MaKCHUMaJbHUX
3HAa4YeHb. Ha Xpsllli MJIeHOiTaIb-
HOI 3amaguHu — y 2,5 pasa, 1o
omax = 0,87 MPa, Ha cyOxoH-

Hanpsrox Bexmopa cun
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1] IMiIeHHA Be/MKoTo ropbxa Ha | oM gowmsy (inferior)
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PucyHok 4. Po3nodin degpopmayiti Ha enemeHmax modeni nie4oeo20 cy2no6a npu smiujeHHi eelukozo 20p6Ka nie4oeoi Kicmxku:
A — Ha xpawi 2neHoidanbHoi 3anaduHu; b — Ha Kicmkosili mKaHuHi 2neHoidanbHOI 3anaduHu
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Hoi 3amanuHu — y 3,4 pasa, no cmax = 4,02 MPa, Ha cy-
IJI00OBII MOBEPXHi FOJIOBKY EHIIONIPOTE3a IIEY0BOT KiCTKHN
MOKa3HUKM HaTpyKeHb 3HaYHO MeHIli (cmax = 0,39 MPa).
Ha ninevoBiit KicTLi B 30Hi KPIiTIJICHHST M. Supraspinatus 3Ha-
YeHHS MaKCUMaJIbHUX HanpykeHb — omax = 9,07 MPa.

3a yMOBHM 3MillIeHHSI BEJIMKOTO TOPOKa TIeI0BOI KiCTKI
Ha |1 cM noBepXy HarpyXeHHsS Ha KOHTaKTHUX eJIeMEHTax
MOJeJli PO3MOMISIIOTECS TaKOX PiBHOMipHO. 3i 3MiHOIO
HaBaHTaXXEHHSI Ha M’sI3U BiIOyBalOThCSI 3MiHM HaIpy-
JKEHb Ha eJieMeHTax MOjesi 3i 3pOCTaHHAM MaKCHUMallb-
HUX 3Ha4YeHb: Ha XPsIlli NIEHOINAJIbHOI 3alMaJuHU — Ha
82 %, no omax = 0,62 MPa, Ha cyOXOHIpabHiil KiCTIi
IJIEHOIJAIBHOI 3alagyHA — He3HayHo, juiie Ha 9 %, 1o
omax = 1,29 MPa, Ha cyr1o00Biii TOBEpXHi TOJIOBKU €H-
JOTIpOTEe3a TJIeYOBOI KiCTKM MOKAa3HUKM HaIlpyKeHb 3Ha-
yHo MeHIi (omax = 0,17 MPa). Ha niiedosiii kicTii B 30Hi
KPITUICHHST m. Supraspinatus 3Ha4eHHS] MaKCUMaJIbHUX Ha-
npyxeHb — omax = 38,54 MPa.

IIpu 3MimeHHi BeIMKOro ropdka IiedoBOl KiCTKM Ha
1 cM 10HU3Y Hanpy>XeHHs Ha KOHTAKTHUX €JIeMEeHTaxX MO-
JeJli pO3MOAISIIOThCS TaKOX PiBHOMipHO. 3i 3MiHOIO Ha-
BaHTaXKCHHSI Ha M’SI3U BiIOYBalOTbCS 3MiHUM HaINpYy>XEHb
Ha eJeMEHTax MoJeji 3 HE3HAaYHUM 3POCTAHHSIM MaKCH-
MaJIbHUX 3HAYeHb Ha XPSIi [VIEHOINAJIbHOI 3amaiuHu —
Ha 17 %, no omax = 0,4 MPa, Ha cyOXOHApaIbHIN KiCTIIi
[JICHOIMAIbHOI 3amaJuHU HaIMpy>XeHHs, HaBMaKu, 3MEH-
wncs Ha 13 %, no omax = 1,02 MPa, Ha cyriio00Biii 1o-
BEPXHi FOJIOBKY €HAO0MPOTE3A MJIEYOBOI KiCTKM IMOKAa3HUKHU
HarpyxeHb 3HaUHO MeHIIi (omax = 7,07 MPa). Ha rue-
YOBIil KiCTLI B 30Hi KpilJIeHHS m. supraspinatus 3Ha4eHHS
MaKCHMaJIbHUX HaIlpyxXeHb — omax = 17,81 MPa.

3MillleHHs MO3MIIii BEJIMKOro ropOKa IUIeYOBOI KiCTKU
CYIIPOBOIXKYETBCSI 3MiHOIO CTymeHs1 Hatsry m’s13iB PMII,
1110 TIPU3BOAUTH 10 3POCTAHHS HAIpPYXXEeHb y AUISHKAX 1X
iHCep1Iil 10 I1e4oBoi KicTKu (Tab. 2).

Takrm 4yrMHOM, 3MillIECHHSI BEJIMKOTO ropOka IjieyoBoil
KiCTKM Ha 1 cM J0Bepxy, BiiBEACHHSI BEPXHbOI KiHILIiBKHU
10 Kyta 60° CynmpOBOIKYETLCSI 3pOCTAHHSIM 3HAaYeHb Ha-
MpYXeHb y OUTSHII iHCceplii m. supraspinatus Ha 45 % (no
omax = 38,54 MPa). 3MillleHHsI BEJIMKOTO TopOKa 1ieuo-
BOI KiCTKM Ha 1 ¢cM TOHU3Y, BilBeAeHHsI BEPXHbOI KiHIIIBKI
1o kyta 60°, HaBMaKu, MIPU3BOAUTH 10 3HUKEHHS 3HaYeHb
HanpyXeHb y AUIAHLI iHcepuii m. supraspinatus Ha 33 %
(mo omax = 17,81 MPa). 3MillleHHsI BEeJIMKOIro ropoKa Ha
1 cM mo3amy 30i1blIye HaBaHTaXKEHHS Ha BEPXHIO MOPIILil0
m. infraspinatus, m. supraspinatus Ta m. teres minor, 3Mi-
ILIEHHST BEJIMKOro ropoka Ha 1 cM gorepeny 3Ha4HO 30i1b-

LIy€ HaBaHTaXeHHs Ha m. subscapularis, HUXHIO TIOPIIilO0
m. infraspinatus Ta m. supraspinatus.

O6roBopeHHs

ONHOMOMIOCHE E€HAOMPOTEe3yBaHHS TIpU  TepejioMax
IMPOKCUMMAJILHOTO BiIIily IIJIEYOBOI KICTKM 3abe3Ieuye
aIeKBaTHUI Aialla30H PYXiB y IJICYOBOMY CYIJIOOi. 3po-
IIEHHS rOpOKiB Bilirpa€ OCHOBHY POJb MIJIs BiTHOBIEHHS
Jiama3oHy pyXiB Ta BU3Ha4ya€ (pyHKIIIOHAJbHUI pPe3yJIbTaT.
daxkropamu, 110 BIUIMBAIOTh Ha 3pOLIEHHS TOPOKIB, € PO3-
TalllyBaHHSI €HIOIpOTe3a, cTabiabHa (ikcallisi TOpOKiB i
CTaH KiCTKOBOI TKaHMHU (piBeHb HE3POIICHHS BUILMI Y
JIOJIei TIOXUJTIOTO BiKYy Ta Ipu octeoriopo3si) [10].

K.Y. Lu ta cniBaBT. mokasajiu, 110 3pOLIEHHS TOpOKiB
€ OCHOBHUM (paKTOpOM, SIKMi1 BU3HAYa€ (DYHKIIOHAIbHUI
pe3yJibTaT, a HE3POIIEHHS Ta 3MillleHHSI TOPOKIiB y Talli€eH-
TiB ctaHoBUJIO 13 % [11]. AHaToMiuHe 3pOIIeHHS TOPOKiB
JIa€ XOPOIIWii (DYHKIIIOHATBHUI pPe3yJbTaT 3a pPaxyHOK
BiTHOBJICHHSI aHATOMii CYyXOXWJIKiB POTaTOPHOI MaHXETH.
3MilleHHsI TOpOKiB OyJIO0 TOJOBHUM YCKJIAIHEHHSIM Y JIO-
crnimkenni A.R. Rivera ta ciiBaBT. i cranoswmio 15 % [12].
CTaTUCTUYHO 3HAYYIIMMM OyJM BiIMIHHOCTI Jialma3oHy
PYXiB y IUIEYOBOMY CYIJIOOi MiX MalliEHTaMu, Y SIKUX Oy-
JIO 3pOIIEHHS BEJUKOro ropoka, i malieHTamu, sIKi Majau
HeTnpaBUJIbHE 3POILIEHHSI a00 He3polleHHs (pe3opOllito)
BeJIMKOTo ropOka 3a mmkanamu Oxford Shoulder Score i
Constant-Murley Score [13]. E. Troiano ta criBaBT. oBi10-
MUJIY JIMIIIE TIPO 85 % aHATOMIYHOTO 3POIICHHS BEJIMKOTO
TopOKa ITicIsT OMHOTIOTIOCHOTO €HIOMIPOTE3YBaHHS 3 BUKO-
puctaHHIM (ikcanii cepkiskem [14].

Fischer J. Ta cmiBaBT. y CBOEMY OOCTIMKEHHI MiMIILIN
BUCHOBKY, 1110 aHaTOMiuHa (piKcallisl BeJIMKOTro ropoka Be-
IIe 10 Kpalloro aKTUBHOTO Jlialla30Hy PYyXiB y IJIEUOBOMY
Cyra00i, 0CO0IMBO IPM 30BHIIIHIN poTallil, OCKUJIbKU 1€
3a0e3meuyeTbesl Juiie (GyHKIIOHYIOUMMHU CYXOXUJIKAMU
IMiIOCTHOBOTO Ta MAJIOTO KPyrjaoro m’si3iB [15].

3MiHa OaJlaHCy CYXOXMJIKiB POTaTOPHOT MAaHXXETU MPU-
3BOIUTH IO OOMEXEHHS PYXiB Yy IUIEYOBOMY Cyrjaoli Ta
Helepea0dayyBaHOro KJIiHiYHOro pe3ynbrary. s mpa-
BWJIBHOTO OaJlaHCy MaHXeTH aHaTOMiYHa PEeKOHCTPYKIIis
ropokiB € kputuuHow [16]. HeanatomiuHa KoHcosiga-
1Iis1, He3polIeHHsI ab0o pe30pOIlis TOPOKIB MicasI OTHOIIO-
JIIOCHOTO €HIOTIPOTEe3yBaHHST TIPU3BOANTD IO HAPOCTAHHS
00JILOBOI'O CMHAPOMY B ITiC/IsIoNepaliiiHoMy Tepiofi il 00-
MEXEHHSI pyXiB: 3TMHAHHS BIIepe[, 30BHIIIIHS pOTallisl Ta
BHYTPpIILIHS pOTallisl BHACIiOK MOPYILLIEHHS CTabiIi3yiouo-
ro epeKTy poTaTopHOI MaHXkeTKH [17].

Tabnuys 2. lMNokasHuku HaeaumakeHo (H, MPa) Ha m’a3u PMIT (npy><uHu, aki ix imimyrome)

M’a3/MonoxKeHHsa Hopma Ha 1 cm posapy Ha 1 cm ponepepny Ha 1 cm poBepxy Ha 1 cm foHu3y

M. subscapularis 18,65 15,59 57,37 16,76 13,08
M. infraspinatus 14,95 45,37 1,49 14,43 39,79
(BEpPXHS nopuis)

M. infraspinatus 11,01 18,16 32,4 41,13 44,82
(HWXKHSA nopuis )

M. supraspinatus 14,24 31,99 55,65 55,02 25,46
M. teres minor 19,08 39,85 10,87 31,54 2,02
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Benukuii ropOOK IJI€40BOI KiCTKU € MiCLIEM KPiTlJIEHHS
CYXOXXMJIKA HaTIOCTHOBOTO M s13a. [ToMMUIIKM TIpyM pero3uiii
BEJINKOTO TOpOKa ITiJT Yac OTIepaTUBHOTO JIiKyBaHHS CyTTE-
BO BIUJIMBAIOTh HAa CUJIY BiIBEACHHS y TUIEUOBOMY CYIJI00i,
o 3a0e3Ieuy€eThes ACNBTOMOMIOHNM M s130M. Ilpm 3mi-
IIeHHi BEeJIMKOIo TopOKa Ha 1 cM JOHM3Y Bil aHATOMIYHOTO
MOJIOKEHHSI CWJIA TITU CYXOXWIKIB POTAaTOPHOI MaHXKETU
JI0 HBOTO 3POCTaE, 1110 Bele 10 OOMEXEeHHs PyXiB y IUIe40-
BOMY CyIJI00i Ta MOXKE 3yMOBUTU BTOPUHHE YIIKOJXKEHHS
POTATOPHOI MaHXETU U MOSIBY CUHIPOMY aKpOMiaJbHOTO
yaapy.

3MillleHHSI BEJIMKOTO ropOKa 3MeHIIye cybakpoMiaib-
HUI MPOCTIp i BUKJIIMKAE KOHQDJIIKT 3 aKpOMiaJIbHUM BiJl-
POCTKOM JIOTIaTKM TIPU BiIBEIEHHI, 1110 00MeXye (DYHKIIi0
iedoBoro cymioba [18]. Tomy 3MiHa TTOJIOXKEHHSI BEJTUKO-
ro ropoka IJIe4oBOi KiCTKM Bele M0 3pOCTaHHSI KOHTaK-
THUX HalpyXeHb CYrJI000BUX MOBEpXOHb. [lepeposmomina
HaBaHTaxXeHHs Ha M’ 5131 PMIT cripuunHsie 3MiHy BeTnanH
KOMIIPECITHMX 3yCUJIb Ha KOHTAKTHI CYIJI000Bi ITOBEPXHi
IUIEYOBOTO CyI00a Ta 3MiHIOE TOUKY LIEHTpallil TOJIOBKU
€HJO0MpPOoTe3a Ha CYyIJI000BY MOBEPXHIO INIEHOIAAIbHOI 3a-
MHaJuHU SIK HACIiMOK ii nedopmallii Ta MOIIKOIKEHHSI.

3rifHO 3 MPOBEACHUMU Ha ChOTOJAHI JOCTIIKEHHSIMM,
OiomexaHika i (yHKIUIOHATbHUI Pe3yJbTaT OJHOMOJIOC-
HOTO €HJOMPOTE3yBaHHs 3ajiexkaTh Bifl po3TalllyBaHHs Be-
JINKOTO ropOKa. 3poIIeHHST BEJIMKOTO ropOKa MoB’si3aHe 3i
3HUKEHHSIM YacTOTU YCKJIAJHEHb Mic/sl OJHOMOIIOCHOTO
eHnorpotesyBaHHs [19]. Crabinizyounit epekT cyXoxu-
KiB pOTAaTOPHOI MaHXETH i B3a€EMO3B’SI30K CHII i3 IIeb-
TONOMIOHMM M’SI30M 3a0€3MeYylOTh ONTUMAIbHY TOYKY
OIOpU UISI 3aAOBIIBHOTO (DYHKIIIOHYBAaHHS ILIEYOBOTO
cyrioba [20].

PesynbraTt HaIOTO JOCHIIXKEHHS! BCTAHOBUIIU, 110 BU-
KOPUCTaHHSI TPUBUMIPHOTO KOMIT IOTEPHOTO MOJIETIOBAH-
Hs1 Ta MmeTony CE y BUBUEHHI GioMeXaHiKU IJIe4YOBOTO CY-
1o0a € BaXJIMBUM €JIEMEHTOM, 1110 TIO3BOJISIE MOJITTIIUTH
pe3yabTaTy XipyprivHOTO JIiKyBaHHS. 3alpoIlOHOBaHA Ha-
MU iMiTaniitHa 3D-Moenb I1e90Boro cyrioda 3i 3MiHOIO
po3TalllyBaHHSI BEJIMKOTO TopOKa i OTpuMaHi JaHi Mmpo-
rpamHoro nakera Solid Works nanv 3Mory npoBecTH OLIIHKY
HJIC y M’9kux i TBepauX TKaHMHAX Ta OUITHKAX KPITUICHHS
cyxoxunkiB PMII.

HesBaxatoum Ha CKJIaJHICTh MOJEIIOBAHHS TPU BUKO-
pPUCTaHHI OEKiTbKOX Tl i3 Pi3HUMHU XapaKTepPUCTUKAMMU,
po3pobiieHa HaMU TPYUBUMipHA MOJIeJIb IIJIEYOBOIO Cyrjioda
3 METaJIeBOIO FOJIOBKOIO €HI0NPOTE3a J03BOJIMIa TOKA3aTh
1 OLIHUTHU PO3MOMIIN HAMPYXeHb Ha CYIJ1000Biil MOBEPXHi
JIOTIaTKY Ta HanpyxXeHHs Ha cyxoxwuiku PMII. Buznaue-
HO ONTUMAaJIbHO JIOMYCTUME TTOJIOKEHHST BEJIMKOTO ropoKa
TUIEYOBO1 KiCTKM TPU OJHOIIOJIFOCHOMY €HIIONPOTE3yBaH-
Hi, a came 3MillleHHsI Ha | CM IOHU3Y.

VYnepiue nposeneHo aHajiz HJIC KoHTakTHUX TOBep-
XOHb TIPU OJHOTIOJIIOCHOMY €HAOMPOTE3yBaHHI 3a JOTMO-
MOTOI0 3ac00iB ITporpaMHoro mnakerta Solid Works y ctBope-
Hili imiTaniiHii 3D-Moaesi Ta BAKOHAHO OLIIHKY BeJIMYMH
HaBaHTaXEHb MPU PiI3HUX TMOJOXEHHSX BEJIMKOIo ropoka.
OtpuMaHi pe3yabTaTh MOXYTh OYTH BUKOPUCTaHI JJIs 3a-
nobGiraHHs YCKJIAIHEHHSIM Yy Tic/sgonepaliiiHoMy Tepiofi
Ta CKOPOYEHHSI pealiiTaliiiHOTO Mnepiony.
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Obmenxncenns 0ocaionwcenns. My BBaKXaeMo, 110 PO3-
pobiieHa HaM¥Y TPUBUMIipHA MOJEb IJISYOBOTO CyIjio0a Ta
KOMIT’ IOTepHE MOJIEJTIOBAHHS Jal0Th MOXJIUBICTh aeKBaT-
HO OLIIHUTHU HAaMpy>XeHHs Ha Cyrjo0 i M’si3u, MpoTe oro
HEMOKJIMBO BUMIPSITU HEIHBa3UBHO in vivo. [lepcrieKTnB-
HMM HaNpsIMKOM JTOCJTIIZKEHHS € CTBOPEHHST TPUBUMIiPHUX
MOJeIel «KiCTKa — €HAOMPOTe3» 3 ypaxyBaHHSIM 3MiHU
¢ikcalrii BeJ1MKoro ropoka Ipyu BUKOPUCTaHHI pi3HUX THU-
I1iB €eHI0IpoTe3a IJIEYOBOro Cyrioda.

BucHoBKM

Ananiz HIC KOHTaKTHUX ITOBEPXOHb TJIEYOBOT'O CYIJIO-
0a 31 3MiHOIO MOJIOXKEHHS BEJIMKOTO ropOKa 3 KyTOM BiJBe-
JIeHH TIIeya Ha 60° Tokasas, 110 MaKCUMaJTbHe 3pOCTaHHS
3Ha4YeHb HaIPyKEHb CITOCTEPIraeThCsl Ha CYOXOHIpaIbHii
KIiCTIi TJIEHOIMAIbHOI 3allafyHU TP 3MIIIEeHHI BEJIMKOTO
rop0OKa IIedoBoi KicTKu Ha 1 cMm momepeny — y 3,4 pasa,
1o omax = 4,02 MPa. 3mimeHHs Be1nkoro ropoka Ha 1 cm
JIOHU3Y € ONTUMAJIbHO TOIYCTUMMM ITOJIOXKEHHSIM, TIPU
SIKOMY CYOXOHApaJibHa KiCTKa IJIEHOIZaJIbHOI 3amaauHu
Jocsira€ MiHiMaJabHUX 3HAaY€Hb HAMpPYXKeHb i Aedopmaliii.
HanpyxeHHs y AUISIHLI iHCeplii m. supraspinatus 3pocTae
Ha 45 % (mo omax = 38,54 MPa) npu 3MillleHHi BEJINKO-
ro ropoxa rje4oBoi KicTKM Ha 1 ¢cM JOBEepXy Ta BiABElICHHI
BEPXHbBOI KiHIIIBKM 10 KyTa 60°. OmHaK 3MillleHHSI BEJIUKO-
ro ropOKa IJIeYOBOI KiCTKM Ha 1 ¢cM JTOHU3Y I BiIBeACHHS
BEPXHbOI KiHIIBKM A0 KyTa 60°, HaBMaKu, MPU3BOIUTH
IO 3HIDKCHHSI 3HAayeHb HaMpyXKeHb y MUISHIN iHCepIii
m. supraspinatus Ha 33 % (mo omax = 17,81 MPa). 3mina
TUCKY Ha KOHTAaKTHMX TTOBEPXHSX € 3HAYHOIO TP 3Mi-
Hi TIOJIOXEHHSI BEJIMKOro TopOKa, 110 Oe33amepeyHo Oyne
BILUIMBATU Ha OOCST pyXiB y MicjsonepaliiiHoMy Tepiofi.
OcCKiIbKY MOpyIIeHHs 6i0MeXaHIYHUX XapaKTepUCTUK PY-
XiB IJIEYOBOTO Cyri100a Mpy 3MiHi po3TallyBaHHS BEJIUKOTO
ropoka BIUIMBA€ Ha e(eKTUBHICTb BiTHOBJICHHS (DYHKIIiT
rJjieya Ta BUHUKHEHHSI YCKJIaIHEHb Y MicisionepauiitHo-
My Tiepiofii, ypaxyBaHHSI OTPUMaHUX HAMU JaHUX 3TiTHO 3
po3po0bJIeHOIO IMiTalliiTHOO KOMIT IoTepHoIo 3D-Monemo
IJIEYOBOTO Cyrioda MOXe TMOJIMIIUTUA SIKICTh Mepenore-
pauiifHOTO TUTAaHYBaHHS TIPY BUKOHAHHI OJIHOTIOJIOCHOTO
€HIOMPOTe3yBaHHS TIEYOBOTO CYIII00a.

Kondutikr inTepeciB. ABropu 3asIBIAsIIOTH PO BiACYT-
HiCTbh KOH(MJIIKTY iHTepeciB Ta BIacHOI (piHAHCOBOI 3alli-
KaBJICHOCTI IIpM MiArOTOBLIi JaHOI CTATTi.

Indopmanis npo ¢inaHCcyBaHHA. ABTOpU 3asIBJISIIOTh
MPO BiACYTHICTh (PiHAHCOBOI MiATPMMKU MPU OTPUMaHHI
pe3yabTaTiB i HamucaHHi JaHoi cTaTTi. JlochimkeHHsT BU-
KOHYBQJIOCh Y paMKax aucepTaliiiHol poooTtu «IlepBuHHe
€HJOMPOTE3yBaHHSI TUIEYOBOIO Cyrjaoda mpu TpaBMaTUY-
HUX TIOIIKOMKEHHSIX MPOKCUMAJIBHOTO BiIiTy TJIEYOBOT
KICTKM Ta iX HacjiaKax» Ha 0a3i BiliiieHHs MiKpoXipyprii
Ta PEKOHCTPYKTHMBHO-BiTHOBHOI Xipyprii BepXHbBOI KiH-
uiBku 1Y «IHcTUTYT TpaBMaroJorii Ta opromnenii HAMH
Ykpainu».
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Analysis of the stress-strain state of a three-dimensional model a shoulder
hemiarthroplasty after changing the greater tubercle position on the shoulder

Abstract. Background. The greater tubercle position change in
shoulder hemiarthroplasty is of great importance for the shoulder
joint contact surfaces’ stress-strain state (STS). One of the impor-
tant conditions for restoring a full range of motion in the shoul-
der joint after hemiarthroplasty and a longer service life of the en-
doprosthesis is the anatomical location of the greater tubercle. The
purpose was to develop a three-dimensional model and study the
STS of elements of the shoulder joint and implants of a hemiar-
throplasty after changing the greater tubercle position on the shoul-
der. Materials and methods. The SolidWorks software package was
used in order to construct a simulated 3D model of the shoulder
joint, taking anatomical and anthropometric data into conside-
ration to make the model as close to the real shoulder joint as pos-
sible. The ANSYS software package was used to calculate the shoul-
der joint models of the total load vector at different positions of
the total load vector, depending on the greater tubercle of the hu-
merus position. Results. The analysis of the shoulder joint model

elements’ STS with different greater tuberosity positioning and a
shoulder abduction angle of 60° showed that the maximum increase
in stress values is observed on the glenoid cavity subchondral bone
when the greater tubercle of the humerus is transposed by 1 cm an-
terior — in 3.4 times, omax up to 4.02 MPa. Moving the big tuber-
cle by 1 cm distally is an optimal position in which the subchon-
dral bone of the glenoid cavity undergoes minimum stress and de-
formation forces. Conclusions. The change in pressure on the con-
tact surfaces is significant when changing the position of the greater
tuberosity, which will undoubtedly affect the volume and range of
motion in the postoperative period. Taking into account the data of
the stress values on the contact surfaces obtained from our simula-
ted 3D computer model of the shoulder joint allows improving the
quality of preoperative planning and improving shoulder function
and possible complications in the postoperative period.
Keywords: shoulder joint; articular cartilage; hemiarthroplasty;
unipolar endoprosthesis; 3D model; stressed-deformed state
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YacToTa ywKkoaKeHb 3B'A30K,
WO YTPUMYIOTb CYyXOXKWUJIOK AOBroi rosliBKn Giyenca
(pulley lesion), y xBopux 3 agresnBHUM Kancynitom
nne4yoBoro cyrno6a

Pe3slome. AkmyanbHicme. AHani3 pesynbraTie 4OCNIAXKEHD Pi3HUX LEHTPIB MarHiTHO-pe3oHaHCHOI Tomorpadii
(MPT) 3 pi3HMX MICT Hawoi KpaiHW JeMOHCTPYE, WO AiarHo3 ylKogXeHHA pulley lesion BCTaHOBMIOETbCA NKLLe B
KiNIbKOX 3 HUX, TOAI AK AiiarHO3 afire3vBHOrO KancyniTy BCTAHOB/IOETbCA B KOXXHOMY TPETbOMY JOCAiAXKeHHI. JaHnn
baKT Nnpr3BOANTb A0 ITHOPYBaHHA NEPLIONPUYNHI 3aXBOPIOBAHHSA, MOMUIIOK AiarHOCTUKM i, AK HACNifOK, MTOMUTOK
y nikyBaHHi. Mema: [ocnignTin 4acToTy Pi3HMX TUMIB YLUKOAXKEHb 3B'A30K, O YyTPUMYIOTb CYXOXKUJIOK AOBIrOi rosiB-
Ku biuenca (ywkopxeHb pulley lesion), y xBopux 3 agre3vBHUM Karncynitom niaevyosoro cyrnoba (MC). Mamepianu
ma memoou. Hamu B1ukoHaHo 310 onepauiii y xBopux 3 npueoay aaresusHoro kancynity MNC. Bik nauieHTis ctaHo-
BuB Bif 30 fo 90 pokis. CepeiHA TPUBanicTb Bifl MOYaTKy 3aXBOPIOBAHHA JO ONEepPaTUBHOrO BTPYYaHHA CTaHOBUA
189 + 104 gHi. Yci xBopi 6ynu 06CcTexeHi KNiHiYHO, PEHTFeHONOrYHO, TaKoX YCiM 6yno BUKoHaHO MPT-gocnigeHHs
aHATOMIUHMX CTPYKTYp Ta apTpockonito MNC. Pesynemamu. Y 84 (27,1 %) xBopuXx, AKNX NPOOMNEPOBaHO 3 NpUsoay
inionatnyHoro agresmeHoro Kancynity INC, 6yno BusneHo ywkogxeHHs pulley lesion NMC, wo fae 3mory cTeep-
IKyBaTW, WO B JAHOI Fpynun XBopux 6yB came BTOPUHHMWI aare3nBHUIA KancyniT 3 opmyBaHHAM KoHTpakTypu MC.
Mepesarkanu TpeTiii (16,5 %) i yeTBepTii (12,4 %) TUNK ywKoaKeHHA pulley lesion. Came Ui TN ywkogxeHHA pulley
lesion MatoTb HaMGINbLIi KOHTPAKTYpPOreHHi BNacTUBOCTI, MPMYOMY TPETIli TUMN NepeBakaB Hag yeTBepTUM. 3i 3mi-
HOl TUNY ylwKomXeHHA pulley lesion (36inbweHHAM KinbKoCTi ywKomXeHnx cTpykTyp MNC) 3MeHwWyBanucb cepeHi
nokasHuku mobinbHocTi MNC. BucHosku. Y 27,1 % xBopux, AKUX 6yno oneposaHo 3 NpuBoy ifionaTnyHoro aare-
3MBHOTO KancyniTy, 6yno BuABNeHO ylwkomxeHHs pulley lesion MNC, WwWo fa€ MOXNMBICTb NeperiAHyTU Nigxoamn o
NiKyBaHHS, PO3LUMPUTL MOKa3aHHA [0 AiarHOCTUYHO-NiIKYBanbHOI apTpOCKonMii nievoBoro cyrnoba y Ginbl paHHi
TEPMiHW Bif NOYaTKy 3aXBOPIOBAHHA.

KniouoBi cnoBa: nnevyosuin cyrno6; agresviBHNM Kancyit; CyXoXUIoK BiLenca; 4actoTa yIKOgKeHb

Bcryn

OCHOBHMMM TpUYMHAMU HaOyTOI KOHTPaKTypU ILIE-
yoBoro cyrioba (ITC) e TtpaBma abo orepaTuBHE BTpY-
YaHHS 3 MONAJIBIIOI0 iMMOOiTi3alieio. OTXe, BULUISIOTH
MHiCIATpaBMAaTUIHY ¥ micasonepauiiitHy KoHTtpaktypu I1C
[1—3]. 3rigHo 3 iCHYIOUMMM MiXKHApOTHUMM PEKOMEHIAlli-
SIMU TaHWI CTaH Ha3MBalOTh HA0YTOI0 KOHTpaKTypoio [1C,
ab0 BTOPMHHUM aare3uBHUM KarcyiitoMm (AK), a6o stiff
shoulder [1—4].

IIpoBeneHi Ha CHOrOAHI AOCTIIKEHHSI 1€MOHCTPYIOTb,
10 MPUYMHHO-HACTINKOBUI 3B’130K MiX YIIKOIXKEHHSIM
M’IKOTKaHMHHUX cTpYKTYyp [1C i momaabliuM po3BUTKOM
obmexeHHs pyxiB y [1C BusiBnsgeTbes quiie B 5—16 % Bu-

nankis [1, 2, 5]. Lle moB’s13aHO 3 TUM, 1110 OOMEXEHHS Ta-
cuBHMX pyXiB y [1C MOXYTb 3’IBUTHUCS] HE OJipa3y, a JIUIIIE
uyepes 4—8 TUXKHIB micis TpasMmu [1, 2, 6].

AHauizytoun pesysibraTé AOCHIIKEHb 3 Pi3HUX IIeH-
TpiB MarHiTHO-pe3oHaHcHOI Tomorpadii (MPT) 3 pizanx
MICT HaIlloi Aep>KaBMW, MU OiMIIJIA BUCHOBKY, IO diaTHO3
YIIKOIXKEHHS pulley lesion BCTaHOBIIOIOTH JIUIIIE B Killb-
KOX 3 HUX, TO[i SIK JiarHO3 aJAre3uBHOI0 KarcCyJiTy BCTa-
HOBJIIOIOTh ¥ KOXHOMY TPEeTbOMY HOCJiIKeHHi. aHuii
¢axkT Beae A0 irHOpyBaHHSI MEPLIONPUYMHU 3aXBOPIO-
BaHHS, MTOMMWJIOK JiarHOCTUKM i, SIK HaCJiIoK, 10 ITOMU-
JIOK Yy JIiKyBaHHI (TpuBajia po3po0OKa pyXiB y IJIEUOBOMY
cyryio0i, peapecarlis Ta YMCJIIEHHI AUCTEH31HI BHYTpilI-
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HBOCYIIO00BI iH’€KIIii 3 TOpMOHAJbHUMU TIpernapaTaMu)
[1, 6-8].

Baxx11Boto 0co0IMBICTIO YIIKOIKEHD pulley lesion € 110-
CTiliHO TIporpecytounii nepedir. Po3puB BepxHBOI T1€40-
JIOTIATKOBOI 3B’13KU (YIIKO/KEeHHS pulley lesion 1-ro tumy
3a XabepMeepoM) Bele OO0 TillepMOOiIBHOCTI CyXOXKMIKA
noBroi roniBku 6inerica (CAI'B), sxuii min gac po3podku
pyxiB y I1C Moxke TpaBMyBaTU CyXOXHUJIOK HaIOCTbOBOTO
M’s13a (yLKomkeHHs1 pulley lesion 2-ro tTuny 3a Xabepmee-
POM), a00 CYXOKMJIOK ITi/UIOIAaTKOBOIO M’si3a (YIIKOIKEH-
Hs1 pulley lesion 3-ro Tumy 3a Xabepmeepom), abo odbuaBa
CYXOXUJIKM OfHOYacHO (YIIKOIXeHHs1 pulley lesion 4-ro
TUMy 3a XabepMeepoM), 1110, Y CBOIO Uepry, Bele 10 Mpo-
rpecyBaHHs1 60J1bOBOrO CUHAPOMY il MOpylIeHHsT Giomexa-
niku [1C[1, 9].

Ortxe, AiarHOCTUYHA TTOMUJIKA Ha pAHHIX CTaisIX YIIIKO-
TKeHHS pulley lesion MOXe CTaTU TIPUYMHOIO HE3aJ0BiJIb-
HOTO pe3yJIbTaTy JiKyBaHHS i TPOrpecyiodoro 3MeHIIEHHSI
00’emy macuBHuX pyxiB y [1C.

Mema: nocniguTi 4acTOTy pi3HMX THIIB YIIKOIKEHD
3B’S130K, 110 YTPUMYIOTh CYXOXXMJIOK JOBIOi T'OJIiBKU Oi-
nernca (yLIKOIKeHHs pulley lesion), y XBOPUX 3 aAr€3UBHUM
KarcyJiToM IIEYOBOro Cyrjiooa.

Marepianu Ta meToan
06'ekm 0ocnio)KeHHsA

3 2015 no 2023 poku Ha 6a3i KJIiHIKM PEKOHCTPYKTUB-
HO-BiTHOBHOI Xipyprii BepXHbOi KiHLiBKMU JlepkaBHOI
yctaHoBU «IHCTUTYT TpaBMarosorii Ta optonenii HAMH
VYkpainn» (M. KuiB) Hamu BukoHaHo 310 omepariii y XBo-
pux 3 mpuBony aare3uBHoro kancynity [1C. Bik namieHTiB
cranoBuB Bia 30 1o 90 pokis. [1amienT Oyau po3smnopaineHi
Ha 4 Bikosi rpynu: 30—44 poku — Mosoauii, 45—59 po-
KiB — 3pinmii, 60—74 poku — JtiTHii i 75—90 pokiB — cTa-
peunii Bik. CepeHiii TepMiH Bil ITOYaTKy 3aXBOPIOBAHHS
JI0 OTIepaTUBHOTO BTpy4YaHHsI ctaHOBUB 189 * 104 1i6.

JlocmimkeHHsT MTPOBOAWIM BiAINIOBITIHO A0 yMOB I[enb-
CiHCBKOI neKapalrii Ta micist cxBajaeHHss KoMicii 3 muTaHb
etuku 1Y «I TO HAMHY» (npotokosn Ne 1 Bix 20.02.2020).
Yci o6cTexeHi minnucanu noOpoBibHY iHGOPMOBaHY 3r0-
Iy Ha y9acThb Y JAHOMY ITOCITiIKEHHI.

Memoou docnioxkeHHsA
Vci xBopi Oyu 00CcTeXkeHi KIIiHIYHO, pEeHTTeHOJIOTiYHO,
TaKOX yCiM XBOpUM Oyjo BukoHaHo MPT-mocmimkeHHs

aHatoMiuHuX cTpyKTyp I1C, 30Kpema 3B’S130K, 1110 YTPUMY-
1o1h CAT'B. OcobnuBy yBary npuaiyisuin pexxumy Pdfatsat,
OCKiJIbKM 3B’513KHM, 1110 yTpuMyoTh CJII'B, Haiikpaiiie Bi3y-
ajizyoThcsl caMme B 1bomy pexkuMi [1]. O6’em pyxiB y [1C
IOCTIIKYBaJIM 32 TOIIOMOIOI0 TOHIOMEeTpa, BUMipIOBAHHSI
BCiM 00CTEXXeHUM TPOBOIUB OIMH JOCTITHUK JI0 TTOYATKY
JIIKyBaHHS Y BiIIiJICHHi.

Kputepii BKIIOUEHHST A0 OOCTIIXKEHHS OyJIM TaKUMU:
HasBHiCTb KOHTpakTypu I1C Oynb-sIKOro CTyrneHsi, HasiB-
HicTb MPT-nocnimxkeHHs i3 cuioro MarditHoro nmosst 1,5 T
(Ha Haumly IyMKY, Bisyastizallis 3B’SI30K, 1110 YTPUMYIOTh
CAT'B, i Maux po3puBiB CyXOXWJIKIB POTATOPHOI MaHXe-
tv Tuieya (PMIT) npu nociinkeHHsIX i3 CUJI0I0 MarHiTHOTO
noJig meHe 3a 1,5 T HemoxiuBa), Bik Bin 30 1o 90 pokis,
HAsIBHICTb BiZIcO3aIncy ONepaTUBHOTO BTPYYaHHSI, BUKO-
HaHHS CTaHIAPTHOTO KJIiHIYHOTO OOCTEKEHHSI XBOPOTO,
BiICyTHICTh cymyTHBOI matosorii [1C (omaptpo3, Bimpus
Cyra000BOI TyOM JIONMATKM, KaJbIIUHYIOUMUA TEHIWHIT i
TMOBHOIIAPOBi po3puBU cyxoxwiKiB PMII, Oynb-ska KicT-
KOBa IATOJIOTisSI IIPOKCUMAJIbHOIO eriMeradisy IIedyoBoi
KiCTKHM).

3Baxalouu Ha HasgBHiCTh KOHTpakTypu I1C i HeMoxkIu-
BiCTb MOBHOILIIHHOTO KJIiIHIYHOTO 00CTEKEHHS XBOPOTro, Mi-
arHo3 yIIKO/KEeHHS pulley lesion BCTAHOBIIOBAIU ILIJISIXOM
peTpOoCneKTUBHOI OoLiHKM MPT-gociigxeHHsT i OLIiHKU
3armcy aprpockomii [1C. Y ta6i. 1 HaBeIeHO apTPOCKOITiv-
Hi Ta MPT-03HaKH, SIKi MM OLIIHIOBaJIN JJIsS1 BCTAHOBJICHHST
Y XBOpUX AiarHo3y yiKomkeHHs pulley lesion TIC [1, 9].

HaBemeni B Tabm. 1 oO3HAaKM TIPOLTIOCTpOBaHI Ha
puc. 1-4.

[1s1xoM peTpoCneKTUBHOIO aHali3y icTopiii XBOopoou
i Bimeo3amucy OIepaTUBHOIO BTPYYaHHS OOCIiIXKyBaaud
YacTOTY Pi3HUX TUIIIB YIIKOIKEHb 3B’SI30K, 110 YTPUMY-
IOTh CYXOXWJIOK JOBroi rojiiBKM Oinernca (yIIKOIKEHb
pulley lesion), y XxBopuX, sIKi OyJin OINepoBaHi 3 MPUBOLY
IIiOMTaTMYHOTO aAre3UBHOIO KarCyJiTy IJIEYOBOTO CYIJIO-
6a. BuzHavaiu BiICOTOK XBOPUX, Y SIKUX OYB BTOPUHHUIA
alre3uBHUIN KarCyJIiT, 110 MOTpedyBaB OibIl PaHHBOTO
XipypriyHoro JIiKyBaHHsI JUISl YCYHEHHSI TIPUYMHU 3aXBO-
proBaHHsI. Bimomo, 110 BUKOHaHHS OTIEpPaTUBHOTO BTPY-
YaHHS 3 TIPUBOMIY iMiONATUYHOTO aATe3MBHOTO KarCyJIiTy
IUIEYOBOTO CYIJIo0a B TEpMiHM 10 3 MicC. TIOB’s13aHe 3 He3a-
JOBIILHUM pe3yJITaTOM JIIKyBaHHSI, OCKiJIbKY OTepallisl B
CTajii CMHOBITY a00 (hopMyBaHHS KOHTPAKTYpH B 10 11
oinbiroro 3ananeHHs B [1C [1—4].

Ta6bnuusa 1. MPT i apmpockonivHi o3Haku pizHux munie ywiko0xeHHs pulley lesion nne4oeozo cyanoba

Tun ylwKoaKeHHs
pulley lesion

MPT Ta apTpocKoNi4yHi 03HaKu

1 (BidyanisyeTbcs Nia Yac apTpocKonii)

TeHocuHoBIT CAI'B, nomipHe a6o BiagcyTHE MefianbHe 3MiweHHs CAIB, po3puB BEPXHbOI N1€4010MNaTKOBOI 3B’A3KM

TeHocuHoBIT CAIB, nomipHe a6o BiacyTHE MegianbHe 3MmilleHHs CAIB, po3pvB BEPXHbLOI NNEYON0NATKOBOI 3B'A3KM
2 (Bi3yani3yeTbcs Nif 4ac apTPOCKONIi), pO3pMB NEPeAHbOro Kpato CyxoXnaKa HaaoCTbOBOro M’'s3a, Moxe 6yTu
YWKOAXKEHHS cyrno60BOro xpsua rofiBkv nnedva 6ina CArb

TeHocuHoBIT CAIB, nomipHe a6o BiacyTHE MegianbHe 3MmilleHHs CAIB, po3pvB BEPXHbLOI NNEY0N0NATKOBOI 3B'A3KM
3 (Bi3yani3yeTbcs Nif 4ac apTPOCKONIi), pO3PMB BEPXHbOIO KPato CyXOXKMKa Nia/IonaTKoBOro M’'a3a, MoXe 6yTu
YWKOAXKEHHS cyrno60BOro xpsua rofiBku nneyva 6ina CArb

MepianbHe 3miweHHs CAIB, po3punB BEPXHLOI NIEH0N0NATKOBOI 3B’A3KM (Bidyani3yeTbes Nig Yac apTpocKonii),
4 PO3PUB BEPXHBOI0 KPalo CyXOXMIKa Nif0naTKkoBoro M's3a, PO3puB NepeAHboro KpPato CyXoXunKa HagoCcTboBOro
M’13a, YWWKOMKEHHS cyrno60oBOro xpsia ronisku nneva 6ina CArb
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Cmamucmu4Huli aHanis XBOPHX, OINEPOBAHMX 3 MPUBOMY aAre3MBHOTO KarCYJiTy

CratuctnyHa oo6poOka naHux rnmpopoauiacs 3a foomo-  [1C. OTke, MOXHa CTBEPIXYBAaTH, 110 Mailxke B TPETUHU
roto rmakera Statistica 12.0 by StatSoft, Inc. of USA (yitieH-  XBopux, SIKMX MU OTMeEpyBajiu 3 TMPUBOIY iTiONATUIHOTO
3it No ALXR712D833252FAN3).
3acToCOBYBaIi METOIU OIKMCOBOI
CTaTUCTUKM, NaHi HABOIWIN Y BU-
DJISIAI  CepeaHbOTO BUOIPKOBOIO
i MOro CTaHIAPTHOTO BiIXWJIECH-
Ha (M £ SD). 11 mopiBHSIHHS
pe3yabTaTiB  BUKOPUCTOBYBAIU
kputepiii CrblofgeHTa (g 1O-
PIBHSIHHST JBOX TPy 3a YMOBH
HOPMAaJIBHOTO PO3MOJiIYy ITOKa3-
HUKIB) i ogHOGhAKTOPHUI aHai3
Anova (1si TIOpPiBHSIHHSI TIOHA
nBoX Tpym). BimmiHHOCTI posmo-
ITy IBOX BHOIpOK OIIiHIOBAJIM 3a
norioMoroto kputepito x> Kinb-
KicHi maHi momaHi y Burisiai n (%).
BigMiHHOCTI MiX TMOKa3HUKaMUu
BBaXXaJld BipOTiIHMMHU 3a YMOBU
p <0,05.

Pe3synbraTtn

BUKITIOUMBIIM  BCiX XBOpPUX,
SIKi He BIiIMOBINAIOTh KpUTEPiIM
BKJIIOUEHHSI, MU BKJTIOUWJIA J10 J10-

CITiIKeHHs1 84 XBOPi 3 YIIKOAXEH- . .

M llev lesi p . Mpumimku: a) cxemamuy4He 306paxeHHs; 6) MPT-kapmuHa; 8) apmpockoniyHa KapmuHa
HAMMU puliey lesion 1 KOHTpaKTYPOI_O (cmpinkoto nokasaHo medianvHe 3miwjeHHA cyXxoX<usKka 0oe2oi 2onieku biyenca); 2) pospue
I1C, mro cranosuno 27,1 % Bin ycix 68epXHbOi NJ1e40/10NamKo60i 38°A3Ku.

PucyHok 1. YuikoOxeHHs pulley lesion (1-li mun 3a Xabepmeepom) [9]

A Mok Beded . 4

PucyHok 2. YuikoOx<eHHs pulley lesin (2-a m a Xabepmeepom)

Mpumimku: a) cxemamu4He 306paxeHHsA; 6) MPT-kapmuHa; 8) apmpockoniyHa KApMuHa (CMpinKow NOKA3aHO yWKOO)KeHHSA CyXo-
JKUJIKa HA00CMb0B020 M’s3a).

- . AN
e LR O
PucyHok 3. Ywiko0xeHHA pulley lesion (3-li mun 3a Xabepmeepom)

Mpumimku: a) cxemamuyHe 306paxkeHHs; 6) MPT-kapmuHa; 8) apmpocKonidyHa KApMUHa (CMPinKolo NOKA3AHO YWKOOXeHHS CyXo-
JKUJIKa nioilonamkoeozo m’asa)
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AK, Oyn0 BusiBieHO yiKoxKeHHs pulley lesion, i Takuiit AK
MOe Ha3MBaTHUCSl BTOPMHHUM, OCKiJIbKY BiloMa IpuYnHa
3aXBOPIOBAHHS, 110, Y CBOIO Yepry, 3MiHIOE ITiAXOMM IO JIi-
KyBaHHS. Y Ta0j1. 2 HaBeIeHO OTpUMAaHi TaHi OO0 YacTO-
TH YIIKOIKEHbB 3B’ 130K, 110 yrpumyioTh CAT'B, y xBopnx 3
anre3uBHUM Karcyitom T1C.

Sk GaunMo 3 Tabi. 2, cepel XBOPUX 3 KOHTPAKTYPOIO
T1C i ymkomkeHHsIM 3B’5130K, 1110 yTpuMyioth CAI'b, me-

cmpinkoio).

Ta6nuysa 2. Yacmoma ywiko0xeHb 38'A30kK, wo ympumyrome CAIIb, y xeopux 3 adze3usHum

PucyHok 4. Yuwiko0xeHHA pulley lesion (4-ii mun 3a Xabepmeepom)

Mpumimku: a) cxemamuyHe 306pa)ceHHsA; 6) MPT-kapmuHa (cmpinkoio nokasaHo eueux
CArb); 8) apmpockoniyHa KApMUHA (CMPiNIKoIo NOKA3AHO YWKOOXKeHHA CYX0XKUJIKa Hadoc-
mb08020 M’A3a); 2) ywKoOMeHH:A cy2n106068020 xpAwa 2o0nieku nae4a 6ina CArb (nokasaHo

peBaxkany mamieHT 3 3-M (38,1 %) i 4-m (28,6 %) Turiom
YIIKO/KeHHS pulley lesion. Came 11i TUIIUA YIIKOIKEHHS
pulley lesion maloTh HaiiOLIBIITI KOHTPAKTYPOTEHHI BIACTU-
BOCTI, IpUYOMYy 3-11 TUII TiepeBaXkaB HaJl 4-M TUTIOM.

V T1abn. 3 HaBemeHO BIKOBUI i TeHACPHUM PO3IOMIT
XBOPHUX, SKUX OYJI0 OMEepoBaHO 3 MPUBOAY aAre3WBHO-
ro xamcyiity I1C i B ikux 0yJI0 BUSIBIIEHO YIIKOIXKEHHS
pulley lesion I1C.

HaiiGinbimia KinbKiCTh  XBO-
puX, sIKi MaJlu OOMeXXeHHsI PyXiB
y IIC Ta ymKomKeHHsSI 3B’S30K,
o yrpumytotb CAI'B, 6yau Mo-
Jonoro Biky — 61 (72,6 %) xBo-
puii, TMpUYOMy criocTepirauacs
TEHIIEHIisI 10A0 TepeBaKaHHS
KiJIbKOCTi 4OJIOBIKiB Hajl >KiHKa-
mu (p = 0,051), mo moB’s3aHo 3
OinpiIoo KinbkKicTio TpaBm I1C ta
VIIKOKEHHS 3B’30K, 1110 YTPU-
mytots CAI'B, y maniii rpymi. B
IHIIMX BiKOBUX IpyIiax BiporigHoi
Pi3HULI MiX IpylaMu YOJIOBIKiB i
KIHOK BUSIBUTHM HE BAAJIOCS. XBO-
pux BikoMm moHaza 60 pokiB 0OyJ10
BUABJIeHO e 9,5 %, 1o, Ha-
MEeBHO, TIOB’SI3aHO 3 TiepeBaXkaH-
HsM iHmoi matoiorii [1C y maHoi
Ipynu XBOPUX. XBOPUX BiKOM I10-
Haza 75 pokiB B3araji He 0yJ10 BHU-
SIBJICHO.

IlikaBuM, Ha Hally OYMKY, €
TOCJTIDKEHHST  XapaKTepy KOHT-
paktypu IIC i BIIMBY KOXHOTIO
TUNY YIIKOIKEHHST pulley lesion
Ha 00’eM pyxiB y I1C. I1poBiBiu
PETPOCHEKTUBHUII aHaJli3 Bigeo-
3aMucy ormepaiiii, BUSIBWIH, 110
B YCiX XBopux Oyjia apTporeHHa
koHTpakTypa [1C, a BUKOHAHHS

kancynimom I1C ceneKTI/IBHoi'm HepeI'[HI)OHI/DKHI)O'l'

KarcyJI0TOMii BiIHOBITIOBAJIO

Tun ywKopxeHHsa pulley lesion KinbKicTb XxBOpUX, n (%) 00’eM pyXiB MaiiXe 0O IOBHO-

ro BXe Ha OIepaliliHOMYy CTOJIi.

1 18(21,4) IMpoBiBlIM aHaliz 00’eMmy mna-
2 10 (11,9) CUBHHUX pyXiB, BUSIBUIU, IO B
3 32(38.1) ycix xpopmx HE3aJIeXKHO Bi.ﬂ, BiKg
i cTaTi mepeBaxkaaud MpuBiAHA K

4 24(286) porauiiiHa koHTpakTypu [1C. ¥V
Ycboro 84 (100) TabJ1. 4 MOKa3aHO CepeliHi IToKa3-

Ta6nuys 3. Bikoeuli i cnameeuti po3no0din xeopux 3 adzesusHuUM Kancysnimom i ywikooxenHam pulley lesion I1C, n (%)

Bik (pokiB) Yonosiku HKiHKMn Ycboro
30-44 42 (50) 19 (22,6) 61(72,6)
45-59 11(13,2) 4(4,7) 15 (17,9)
60-74 2(2,4) 6(7,1) 8(9,9)
75-90 0 0 0
Ycboro 55 (65,5) 29(34,5) 84 (100)
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HUKU 00’eMy pyxiB y [1C 3aneXHO Bifl TUMY YIIKOIKEHHS
pulley lesion.

Ak Gaunmo 3 Tabs. 4, 3i 3MiHOIO THUITYy YIIKO/KEHHS
pulley lesion (30iMbIIIEHHSIM KiJIBKOCTI YIIIKOIXKEHUX CTPYK-
Typ I1C) 3MeHIIyIOThCST cepeaHi MOKAa3HUKI MOOUTBHOCTI
T1C. Haii6inpln BUpakeHi 3aJeKHOCTI CIIOCTepiraau Ipu
NAacCUBHOMY BiIBeIeHHi (3MEHIIEHHS CepeaHBOTO KyTa
Binsenenns B I1C 3 160,7 = 14,9° npu 1-My TuIi yIko-
TOKeHHs pulley lesion no 73,3 = 24,9° npu 4-my T yuiko-
IKeHHs1 pulley lesion, p = 0,03) i npu 30BHillIHINA poTallil
(3MEHIIIEHHST CepeIHbOTO KyTa 30BHilIHbOI poralii B T1C
3 52,8 £ 17,6° npu 1-My tuni ymkomkeHHs pulley lesion
no 7,9 + 7,5° npu 4-My TuIl YIIKomKeHHs pulley lesion,
p =0,01). ToOTO B IEeIKMX XBOPUX 30BHIIITHSI poTallist Oyia
MPaKTUYHO BiZICYTHS.

O6roBopeHHsA

[lnTaHHs AiarHOCTMKU i, BIATIOBIZHO, ONTHUMAaJbHOIL
TaKTUKU JIiKyBaHHS KoHTpakTypu I1C Ha ¢oHi pizHOMA-
HITHUX M’ IKOTKaHMHHUX YIIKomKeHb I1C poci auimaoTb-
csl aKTyaJIbHUMM U JAMCKYTaOeNTbHUMU, OCOOJIMBO KOJIU
yiTKOi npuurHU KoHTpakTypu [1C BUSBUTH He Baajiocs [2,
10—12]. BinbuiicTe opTomeaiB HAIOJSTalOTh Ha KOHCEp-
BaTMBHOMY JIiKYBaHHI 1aHOI MAaToJOril 3 aKTUBHOIO PO3-
pookoto pyxiB y T1C i 3acTocyBaHHSIM HECTEpPOITHUX abo
CTEPOINHUX MPOTU3ATaJbHUX MpenapariB, (Gi3METOmiB i
JMUCTEH31MHUX BHYTPIIITHLOCYTJIOO0BMX iH €Kit [6—8, 10,
11]. Ix axTuBHO miaTPUMYIOTH i peabimiTonoru, Aki 4acTo
3aCTOCOBYIOTh BIIPAaBU «4depe3 Oib». Y LIMX BUIIAAKAX MU
YacTo CIIOCTEePIraEMo BilpuB CYIJI000BOi IT'yOM JIOTIATKH ITifI
4yac apTPOCKOIIYHUX BTpydaHb (puc. 5). OCHOBHOO Mpu-
YUHOI0 JAHOTO YIIKOMXKEHHSI € pyOlli MiX CYIrJIo00BOIO
ryooro jonatku i karcynorw I1C i HanMmipHe 3ycusuis Iipu
30BHIlIHil poTallii I1eya ITiJ yac po3poOKH.

[TpogiBIIM aHaIi3 aHTJIOMOBHOI JIiTepaTypu, MPUCBIUEC-
Hoi BTopuHHOMY AK y XBOpHX 3 M’IKOTKaHMHHOIO MaTo-
soriero I1C, My AifAlIM BUCHOBKY, 110 JAaHOMY IMTUTaHHIO
MPUIIISIETHCS HEAOCTATHS yBara, a rnepeBakHa OiTbIIiCTh
poOit npucssueHa imionarnuHomy AK [2—8, 10, 11]. 3a-
cayropye Ha yBary pob6ora T.K. Jain i N.K. Sharma [3],
y AKiif aBTOpHU, MpoaHamidyBaBIy 39 cTareil 3 BUCOKUM
piBHEM J0Ka30BOCTi, TPUCBIYEHUX KOHCEPBATUBHOMY
JIIKyBaHHIO aATe3MBHOTO KaIICYIiTy, OIMIIUIM BUCHOBKY,
1o ¢isioTepaneBTUYHE JiKyBaHHSI CYTTEBO 3MEHIIYE 00-
JILOBUM CUHAPOM i Aelo 30iabirye 06’eM pyxiB y [1C npu
JpPYTiii 1 TpeTilt cTamisiXx 3aXBOPIOBAaHHsI, a BHYTPILIHbOCY-
IJI000BI iH €K TIIIOKOKOPTUKOINIB CYTTEBO 3MEHILYIOTh

0O0JIbOBI BiMUYTTsI B IepIliil cTamil 3axBoproBaHHs. JlaHa
rpyna JiikapiB BBaXKa€, 10 aAre3MBHUI KarcCyliT MUHaEe
CaMOCTIIHO i cTafist omykaHHsI, a00 «BiTaBaHHSI», HACTa-
HE HEOJMiHHO.

OpHax Bif ITOYATKY 3aXBOPIOBAHHS OO CTamil OMy>KaHHS
IHKOJIM MUHAE 0 2 POKIiB, i HE BCi MALIIEHTH JTUIIAIOTHCS
3aI0BOJIECHUMU Pe3yIbTaTaMu KOHCePBATUBHOTO JIiIKYBaH-
He. Tak, nocaimkennss D.H. Kim ta criBaBT. [4] 10BOASITD,
110 B CepefHiil TepMiH crmocTepexkeHHs 42 Mic. Mmaiixke
28 % malieHTIB MaJu CKapru Ha 00JIi i 0OMEXEHHsI pyXiB
y I[1C. C.K. Wong i cniiBaBT. [5], BUKOHaBI1u aHaii3 13 cra-
Tel, Y SIKUX OMUCYBaJIMCS PEe3yJbTaTh CIIOCTEPEKEHHS 3a
HEeJIIKOBAaHUM aJIre3MBHUM KarCyJIiTOM y TEPMiHM CITOCTE-
pexeHHs Bif 1 10 4 poKiB, MiNIILIA BUCHOBKY, 1110 TIOBHOTO
BimHoBieHHS (ynKuii [1C He BinOyBa€eThCsI, 0COOIMBO Y
XBOPUX i3 IIYKPOBUM JIia0eTOM.

Icaye mina HM3Ka CTaTUCTUYHO OOTPYHTOBAHUX HAOCIi-
JDKEeHb, SIKi peKOMEHAYIOTh TPOBOAUTH KOHCEPBATUBHE JIi-
KYBaHHST XBOPUM 3 aare3uBHUM Karicysitom I1C 3—6 wic.
Bill MOYATKy 3aXBOPIOBAaHHS i Jiuile yepe3 2—3 Mic. KOH-
CEepBaTUBHOIO JiKyBaHHS 3a BiJICYTHOCTI ITOKpallleHHS
PEKOMEHIYBAaTH XBOPHMM OIEpaTUBHE JiKyBaHHS [6—8,
11]. BBaxaeTbcs, 10 onepalis, BAKOHaHA Ha PaHHIX Tep-
MiHax 3aXBOPIOBaHHS, TOOTO B CTalii aCENTUYHOIO 3ama-
JIeHHsI (MepIIuii Micslb Bijl TOYaTKy 3aXBOPIOBaHHs) abo
B cTaii (hopMyBaHHSI KOHTPAKTYp (Ipyruid, TpeTiii Micsiib
BiJl TTOYATKy 3aXBOPIOBAHHS), € HEBUIIPABAAHOIO Ta Ma€
HEe3aJ0BiIbHI pe3yJbTaTu, a orepailis, BUKOHaHa B CTa-

PucyHok 5. Ceixuli eiopue cyano6oeoi 2y6u nonamku
(noka3zaHo YopHol cmpinkoro) hio yac apmpocKoni4yHo20
8MPpY4YaHHA HA NJIe4080MY Cy2/106i y X80p020 3 BMOPUHHUM
aodze3usHUM Kancynimom

Tabnuys 4. CepedHi nokasHuku 06’emy pyxie (°) y [1C 3anexHo 8id0 muny yuikooxeHHs pulley lesion

L YWKOQMKEHHS 3ruHaHHsA Po3ruHaHHsa BiaBegeHHA BHyTpiwHA potayia | 30BHiWHA poTayis
pulley lesion
1 163,2 £ 14,9 279128 160,7 £ 14,9 90,7+ 3,8 528+17,6
2 160,1+6,8 27,7+ 2 141,2+7,8 81,4+89 22679
3 134,2+9,9 28,1+48 1251 +3,9 89,7+7,6 19,6 +9,1
4 120,2+17,2 23,8+4,6 73,3+249 80,5+9,9 79+75
p 0,038 0,068 0,031 0,046 0,01

Mpumimku: pesynemamu nodaHo y eu2nadi M + SD, 0e M — cepeOHe 3Ha4eHHA NOKA3HUKA 8 2pyni, m — cmaHOapmHe 8i0XusieHHs,
p — 8ipozidHicme ennusy pakmopa «mun ywkoox<eHHs pulley lesion» Ha xapakmep KOoHmpakmypu nae4o08020 cyanoba.
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nii chopMOBaHOT KOHTPAKTYypH, TOOTO 3a BiICYTHOCTI abo
3MEHIIeHHI 3aaJbHUX SIBUII i TIepeBaskaHHi SBUII (Pidpo-
3yBaHHSI KarlcyJiu, Ma€ Kpaiii pesyiasratu [2, 12—19]. Mu
TeX AOTPUMYEMOCS TaKOi AYMKHU, OJHAK JIUILIE 32 YMOBU
HasIBHOCTI Y XBOPOTO iliOMAaTUYHOTO aAre3WBHOTO Karl-
cymity. [1pn BroppuHHOMY aAre3MBHOMY KaIICYJiTi 3 YiTKO
BU3HAYEHOIO MPUUYUHOIO 3aXBOPIOBAHHS MU JOTPUMYEMO-
cs1 OLIbIII aKTUBHOI XipypriuHO1 TaKTUKM, HarlpaBIeHOI Ha
YCYHEHHSI IIPUYMHU 3aMajeHHsI B CYTJ100i.

YactuHa aBtopiB [16—20], aKi BOJOmIIOTH METOIU-
kamu aptpockorii I1C, BBaxaloTh, 1110 paHHSI aKTUBHA
XipypriuHa TakTUKa Y XBOPHUX i3 BTOPMHHUM ajre3uB-
HUM KarllCyJiTOM IOKpalllUTh pe3yJbTaTH JIiKyBaHHS, a
BUKOHAHHS CEJIEKTUBHOI KarcyJoTOMii B MEPCIeKTUBI
3MEHIIUTH TinoTpodio M’S3iB MJIEYOBOTO Tosica, mepe-
BaHTaxXeHHs xpsia [1C y mporueci peabiniTaliii Ta Jjio-
KaJIbHUI OCTEOIOPO3 TOJIBKM IJIeU0BOi KicTKU. OKpiMm
TOTO, CEJIEKTMBHA KarcyJOTOMisl il apTPOCKOMIYHUM
KOHTPOJIEM MOXE CYTTEBO 3MEHILUTHU TaKi yCKJIaJHEHHS
MaHIMyJIsIii Mix HapKo30M, SIK BiIpUB CYIJI000BOI ryou
JIOTIaTKU i mepesioM MPOKCHUMaJIbHOTO ermiMeTadi3y rmieya
[20—23].

V mocnimkeHHi MU OKa3aiu, SKUU pealbHUI BiICOTOK
XBOPMX MaB BTOPUHHUI anre3nBHuit Kancymirt [1C, 1o nae
HaM 3MOTY MePemISTHYTH TiAXOIU 10 JIIKyBaHHS, PO3IIUPU-
TH TIOKa3aHHS 10 MiarHOCTUYHO-JIIKYBaJIbHOI apTPOCKOTIil
I1C y Ginbli paHHi TEPMiHM BiJl TOYATKY 3aXBOPIOBAHHSI.

O6mexncennst docaioxncenns. OTprMaHi HaAMU Pe3YIib-
TaTU KiTBKOCTI YIIKOMXKEHb pulley lesion cepen XBOpUX 3
KoHTpakTypoio [IC MaioTh BHCOKY TOUYHICTb, IIPOTE IJIs
OTpHUMaHHs OUIBII BipOTiZHMX pe3yJbTaTiB HeoOXimHe 00-
CTeXXEeHHsS1 Ha Oinblriii BuOipui mamieHTiB. Kpim 11boro,
MpU MPOBEIEHHI TAKUX JOCiIKEHb BaXKJIMBO TaKOX Bpa-
XOBYBATH i iHIIy M’IKOTKaHMHHY Tarosorito [1C, Taky sk
YIIKOMXXKEHHS CYIJIO00BOI I'yOu JIOMaTKY, YaCTKOBI pO3pH-
BU cyxoxuikiB PMII, nedpexkrn cyrimoboBoro xpsina, siki
TeX MaloTh CBill BiICOTOK po3BUTKY KoHTpakTypu [1C.
INepcrieKTUBHUM HATIPSIMKOM JOCTIIKEHHSI MU BBaXKa€MO
PO3pOOKY aITOPUTMY JIiIKYBaHHSI XBOPHUX i3 BTODUHHUM a/l-
Te3MBHUM Karicyy1itoM Ha (hoHi M’ IKOTKaHUHHOI TTaTOJIOTi1
T1C 3 4iTkKMM BU3HAYEHHSIM TEPMIiHIB XipypriYHOTO BTPY-
YaHHS.

BucHoBKM

VY 27,1 % xBopuX, SIKUX OyJO MPOOMEPOBAHO 3 MPUBO-
Iy i1i0MaTUYHOrO aAre3MBHOrO KarlCyiTy, OyJ10 BUSIBICHO
yIKomKeHHs1 pulley lesion TIC, 1110 1a€ HaM MOXJIUBICTb
CTBEpIKYBaTH, 1110 B JaHOI Ipynu XBOpUX OYyB caMe BTO-
PUHHMI aare3MBHUI KaricyJlit 3 (popMyBaHHSIM KOHTpaK-
typu T1C. HasiBHiCTh BEMKOI YaCTKM XBOPMX i3 BTOPUH-
HUM aare3uBHUM Karcyiitom [1C gae HaM MOXIMBICTb
MeperIsTHYTU TiAXOAU 10 JIIKyBaHHSI, PO3IIMPUTH TOKa-
3aHHS O NiarHOCTUYHO-JIiKyBajabHOI apTpockomii I1C y
OLTIBII paHHI TEPMiHU Bil ITOYATKY 3aXBOPIOBAHHSI.

Kongpaixm inmepecie i pinancoea niompumra. Asropu
3asIBJISIIOTH MPO BiICYTHICTh KOHMIIKTY iHTepeciB i piHaH-
COBOI IiATPUMKU IIpU 300pi MaTepiady, OTpUMaHHi pe3yJib-
TaTiB i HAMMCAHHI JAaHOI CTATTI.

Binb. Cyrno6u. Xpeo6er, ISSN 2224-1507 (print), ISSN 2307-1133 (online)

Inghopmauia npo emecox Kosxcnoeo asmopa. boe-
dan C.B., Cepeicnko P.O. — KoHuemNllisg Ta AU3ailH J10-
CJIIKEHHSI, aHali3 OTPUMAaHUX JTaHUX, KOPEKIIisl TeKCTY;
FOpiiiuyx JI.M. — 36ip Ta 0oOpoOKa Marepiany, aHami3 na-
HUX JTepaTypHUX JDKepes, HalMcaHHS TekcTy, Cmpa-
¢yn O.C. — craructuuHa oOpoOKa, HAIMCAHHSI TEKCTY;
Cmpagyn C.C. — BinOip maiieHTiB.
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Frequency of pulley lesions in patients with frozen shoulder

Abstract. Background. Analyzing the results of studies conduc-
ted at various MRI centers in different cities of our country, dem-
onstrates that the diagnosis of pulley lesion was only established in
a few of them, while the diagnosis of adhesive capsulitis was estab-
lished in every third examination. This fact leads to the disregard of
the primary cause of the disease, diagnostic errors, and consequent-
ly, treatment mistakes. The purpose was to investigate the frequen-
cy of different types of pulley lesions involving the ligaments that
maintain the integrity of the long head of the biceps (pulley lesion
injuries) in patients with adhesive capsulitis of the shoulder joint
(frozen shoulder). Materials and methods. We performed 310 ope-
rations on patients with adhesive capsulitis of the shoulder. The pa-
tients’ ages ranged from 30 to 90 years. The average duration from
the onset of the disease to surgical intervention was 189 + 104 days.
All patients were examined clinically and radiologically and all pa-
tients underwent MRI study of anatomical structures and shoulder
joint arthroscopy. Results. Pulley lesion injuries of the shoulder joint

were detected in 84 (27.1 %) of the patients who underwent sur-
gery for a frozen shoulder. This allows us to assert that in this par-
ticular patient group, secondary adhesive capsulitis with the devel-
opment of shoulder joint contracture was predominant. The third
(16.5 %) and fourth (12.4 %) types of pulley lesion injuries were the
most prevalent. These particular types of pulley lesion injuries ex-
hibit the most contracture-inducing properties, with the third type
predominating over the fourth type. A change in the type of pulley
lesion damage (an increase in the number of damaged structures of
the shoulder), the average indicators of the mobility of the shoul-
der decreased. Conclusions. In 27.1% of patients who were opera-
ted on for idiopathic adhesive capsulitis was detected pulley lesion,
which gives us to reconsider treatment approaches and expand the
indications for diagnostic and therapeutic shoulder arthroscopy in
the earlier stages of the disease.

Keywords: shoulder joint; adhesive capsulitis; biceps tendon; in-
jury frequency
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6-ta MixxnapoaHa KoHpepeHLin
«BitamiH D — miHimym, makcumym, onTnumym»
(m. Bapwasa, MNonbwa, EVIDAS 2023)

KoxHi nBa poku B 3aTUINHIN Ta MPUBITHIM CTOJMIL
IMoapi npoxoauts MixkHapoaHa KoHpepeHiis EVIDAS,
MPUCBSTUYEHA PO3IJISIAY MUTaHb 11100 HOBITHIX BIIKPUTTIB y
cdepi BUBYEHHS BiTaMiHy D Ta iloro BIJIMBY Ha OpraHi3m
JIIOVHMU.

Tak, 321 o 23 BepecHst 2023 poky y Bapiiasi Binoynace
6-ta MixHaponHa KoHbepeHist «Bitamin D — miHiMyM,
MaKCHMYM, OIITUMYM» IIiJI eTigoio €BpoIeiichKoi acoliaril
3 BuBuYeHHd BitaMiHy D (EVIDAS), y skiii B3si1u y4acTb
BUAaTHI (axiBiIi 3 6araTboxX KpaiH
€ponu ta CILA.

Ha 3anpoieHHs1 rooBu opra-
Hi3allilifHOTO Ta BYSHOTO KOMITETy
EVIDAS npod. Pawet Pludowski,
3a HE3MIiHHOIO TpaaMIli€l0, KOH-
depeHLil0 BigBigaia ykKpaiHCbKa
Jesieraitisi, y CKjai sikoi Oy Ha-
YKOBIII Ta TPOBiAHI CHELialiCTh
y cdepi BUBYEeHHs BitamiHy D B
Ykpaini. Ha KoHbepeHitii pe3ysib-
TaTh CBOIX HOCHIIKEHb B YCHUX
JOTIOBI/ISIX Majii 4ecCThb TpeacTa-
Butu npod. H.B. Ipurop’ena,
npod. H.I. bamanbka, moueHT
M.I. bob6puk, nikap H.M. €po-
XOBUY.

OaHoMy 3 HaI3BUYAHO Bax-
JIMBUX MUTaHb LIOAO paxiTy y mHi-
Teil OyJa pUCBsSIYeHa 1Iija cecis,
SIKYy OYOJIMB Ta BiIKPWUB BCECBIT-
HbO BiTOMUII HayKoBellb Tpod.
Thomas D. Thacher (Mayo Clinic,
Rochester, MN, USA). Bin y cBo-
il ITOIIOBimi BMCBITIMB HpPOOJIe-
MaTUKy aJIiMEHTapHOIO paxiTy y

CBITi Ta TIPe3eHTYBaB aJITOPUTMU Cy4aCHOIO MiIXOMy LIOA0
METO[IiB JiarHOCTUKMU i JIIKyBaHHS 3aXBOPIOBAaHHSI.
YKpaiHCbKi peKOMeHAaLil 11010 NPodiIaKTUKK Ta JIIKY-
BaHHS aJliMEHTaApHOTO paxiTy npejacraBuia npod. Haramis
IBaniBHa bananbka (kadeapa neniatpii Ne 1, HanioHanb-
Huii MeauuHuii yHiBepcuteT imMeHi O.0. Boromosnbiis).
[eTranbHOo OYyJ10 pO3KpUTE MUTAHHS TIPO MOXKJIMBI TPUIMHU
HecTtaui Bitaminy D y giteit, iX HacJligKu, HaCTAaHOBU 111010
NpodiakTUKM Ta JIIKyBaHHS paxiTy B YKpaiHChKHX peatisix

¥ EVIDAS
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CBhOTOJICHHSI, 1110 MAa€ HAA3BUYAHO BaXKJIMBE MpPaKTUUHE
3HAYEHHSI.

TMpodecop Haranist Bikropisua [purop’eBa (ripe3uneHT
YKpaiHCbKOI acoliailii ocTeonoposy, KepiBHUK Bilainy

2 EVIDAS 20P3
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YuyacHuku KoHgepeHYii — cniepo6imHuKu 8i00iny KniHiYHOT
¢hisionozii ma namonozii onopHo-pyxoeozo anapamy
AY «licmumym 2eponmonoaii imeHi [].®. Ye6omapboea HAMH
Ykpainu»: mon.H.c. [.10. Kypuno, npoe. H.B. [puzop’eea,
K.M.H. A.C. MycieHko, mon.H.c. A.B. IHlowuHa
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.M.H. C.M. MapyuHsk, npoc. H.I. banayeka, npog. Thomas D. Thacer,
K.M.H. T.A. Kinya-IMoniwyk, npod. 0. Komicaperko, npog. H.B. [puzop’eea

KJiHiYyHOI (izionorii Ta mnaro-
JIOTii OIOPHO-PYXOBOTO amapa-
1y J1Y <«IHCTUTYT repoHTOOT Il
iMm. JI.®D. Yeb6oraproBa HAMH
VYkpainn») BUCBITIIMIA Y CBOIl
IIOTIOBIiAi CydacHi YKpaiHCBbKi pe-
KOMeHallil 1II0J0 JiarHOCTUKH,
MpodilaKTUKY Ta JIIKyBaHHS JIe-
¢ituty Bitaminy D y mopocnux.
Lli HampalfoBaHHSI CTaJIu pe3yJib-
TaTOM KpOIIiITKOI pOOOTU eKC-
MEepTHOI Ipynu Ha 4oJji 3 npod.
[purop’eBoro, sika OyJia 3aBepiiie-
Ha B YMOBax ITOBHOMAacCIITaOHOI
BilitHu B Ykpaini B 2023 poui, mist
oprasizalii ImMITPUMKU 300POB’ S
HaceJleHHS Ta KOOpAWHALIl po-
00T JiKapiB 3 Ialli€HTaMH, IO
MoTpeOyIOTh KOHTPOJIIO PiBHS Bi-
taminy D Ta ftoro kopexkiii. Ma-
TepiaJiu KOHCeHcycy «JliarHoCcTu-
Ka, mpodinakTuka Ta JiKyBaHHS
nediunty BiTaminy D y mopoc-
gux: KoHceHcye  yKpaiHChKUX
ekcrieptiB» (aBtopu: Ipurop’esa H.B., Tponbko M.J.,
Kosamenko B.M., Kowmicapenko C.B., Tatapuyk T.O.,
Henyx H.B., Benukuit M.M., Crpapyn C.C., KomicapeH-
ko 0.1., Kanamnikos A.B., Opsienko B.JI., [1anbkiB B.1.,
IBeusr O.B., Toryuceka 1.B., Perema C.1.) Oyau Takox
HaapyKoBaHi B xkypHai «binb. Cyrnoou. Xpeber» (Tom 13,
Ne 2, 2023).

PesynbsraTti cBOIX HOCIIIKEHb 1IOA0 BIUIMBY BiTaMiHy D
Ha PO3BUTOK €HIOKPMHHUX 3aXBOPIOBAHb Ta iX Mepedir, Bu-
KoHaHuX Mg KepiBHuLTBOM Ipod. FO.I. KomicapeHka (ka-
(enpa ennokpuHosorii HaitioHaabHOro MeAMYHOTO yHiBEp-
cutety iMeHi O.0. boromosnblist), B YCHUX AOMOBIISIX OAATH
YKpaiHChKi HayKOBIi — K.M.H., goueHT Kadeapu M.I. bo-
6puK («OuiHka BBy Aedinuty BitamiHy D y mamieHTiB 3
MeTabOoJIIYHUM CUHAPOMOM B YMOBaxX XpOHIYHOTO CTPECY»)
Ta acriipant kadeapu B.M. €poxosuu («Craryc Bitaminy D
Y XBOpHX 3 IiabeTMIHOIO HedpoIaTielo Ta mpodirakTuka ii
MporpecyBaHHsI» ). J0IMOBiAi HAIIMX KOJIeT BUKJIMKAIN BEJI1-
Ky 3alliKaBJIEHICTh ayAUTOPIi Ta XXBaBYy IUCKYCIIO.

Han3BuuaiiHO 3axoILIIOIOUOI0 Ta IliKaBolo Oyia mpe-
3eHTallisl BCeCBiTHLO Bimomoro BueHoro i3 CIIA mpod.
Michal E Holic (MeanunHuii akynsreT BocToHChKOro
YHiBEPCUTETY), 3HAHOTO CBOIMU HAayKOBUMU POOOTaMU Y
cepi BuBUeHHs BiTamiHy D. V iioro nomosini Oynu ne-
TaJbHO BUCBITJIEHI MEXaHi3MU PEryJIsiLil piBHA BiTamiHy D
B OpraHi3Mi Ta HayKOBO OOTPYHTOBaHI CTpaTerii JTiKyBaHHSI
nediuuty Bitaminy D, 30KkpeMa, y MmaiieHTiB i3 CHHIPOMOM
MaJibabCopOILIii Ta 3 OKMUPIHHSIM.

JlaBHiM mpyroM YkpaiHu, YKpaiHCBKOi acomialrii oc-
TEOTIOPO3y Ta YJICHOM PEIKOJIETii HAIIIOro XKypHaJy Top-
TyrajabChbKuM IpodecopoM Mario Rui Mascarenhas (Binm-
NiJIEHHST eHIOKPUHOJIOriI, AiabeTosiorii Ta MeTadOiYHIX
3axBOploBaHb, JikapHsi CaHta-Mapisg, Jlicabon) Oynu
MpeacTaBjeHi epeBar HOBOTO METOAY JiarHOCTUKM ISt
JIOCHTIIKEHHS IIUTBHOCTI KiCTKOBOT TKAHUHU, 30KpeMa Me-

www.mif-ua.com, http://pjs.zaslavsky.com.ua




KoHrpecu, cumnosiymu, wkonu / Congresses, Symposiums, Schools

Tony 3D-MojenoBaHHs 3a IOTMOMOTOI TBOXEHEPTreTUIHOT
PEHTIeHiBChKOI abcopOI1ioMeTpii. Y ¢BOIli JOIOBImi TTpod.
Mario Rui Mascarenhas mpoistocTpyBaB JOCSITHEHHST Y
BUBYEHHI BIUIMBY fediuuty BitamiHy D Ha IIiIbHICTD K
TpaOeKyJISIPHOI, TaK i KOPTUKAJIBHOI KiCTKOBOI TKAHUHU Y
JIOPOCIMX 32 JOTIOMOTOIO 1IbOTO METO/TY.

Crig BigMiTUTH, 1O LIeli HAYKOBUH 3aXid y LIbOMY PO-
i 00’eqHaB (axiBIIiB pi3HUX Trajly3eil OXOPOHU 3A0POB’SI:
PEeBMATOJIOTiB, OPTOIEIiB-TPaBMAaTOJIOTiB, aKyIlIepiB-TiHe-
KOJIOTiB, €HIOKPUHOJIOTIB, HEBPOJIOTiB, MeAiaTpiB, OHKO-
JIOTIiB Ta CiMEMHUX JIiKapiB, 110 BKa3ye HA KOMOPOIAHICTb,
acolifioBaHy 3 HeocTaTHicTIo Bitaminy D. Cepen nmoganux
pe3yJbTaTiB HAyKOBUX JOCHIIXKEHb XOTUIOCA O BUIIIUTHU
BUSIBJICHHSI BIUIMBY HEIOCTAaTHBHOTO PiBHS BiTaMiHy D Ha
PU3UKU CMEPTHOCTI Bill OHKOJIOTiYHOI ITaTOJIOTi1 (30KpeMa,
paky MOJIOUHOI 371031 Ta KOJIOPEKTaJIbHOTO PaKy), BILJIUBY
Ha PU3MK PO3BUTKY HEBPOJOTIYHUX 3aXBOPIOBAHb (XBOPO-
Ou AJbLreiiMepa) Ta Ha TSKKICTh Mepebiry aBTOIMyHHUX
3aXBOPIOBaHb, SIK-OT PEBMATOIMHUII apTPUT, OpOHXiaabHa
acTMa Ta pO3BUTOK aJIepriuHUX peakiliii B LILJIOMY.

HaykoBa mporpama MixHaponHoi KoHdepeHii «Bi-
taMiH D — MiHIMyM, MakCUMyM, ONITUMYM» Oyjia BKOTpE
30cepe/KeHa Ha MUTaHHI 3HA4YyliocTi BitamiHy D i iioro
BIUIMBY Ha PO3BUTOK i (DYHKITIOHYBaHHS Pi3HUX CUCTEM Op-
TaHi3My, 1110, Y CBOIO YePTY, CIIOHYKA€E IO CTBOPEHHST HOBUX
CTpaTeriii IUIst BYUaCHOI AiarHOCTUKM, TPOMITaKTUKY Ta Jii-
KyBaHHSI HEIOCTaTHHOIO PiBH BiTaMiHy D Ta moB’s13aHuX 3
LIMM 3aXBOPIOBaHb Y CUCTEMaX OXOPOHU 3I0POB’sI 0araTbox
KpaiH CBITY.

Bastuni npesunenty EVIDAS npod. Pawel Prudowski
3a 3aMpollIeHHS Ha YyJOBUI HAYKOBO-MPAKTUYHUU 3a-
XiZl MiXKHapOIHOTO PiBHS sIK MmaaTdhopMmy Uisl OOMiHYy Ha-
YKOBMM JOCBiIOM Ta CHiBOpalli 3 BISHUMU IHIIUX KpaiH
CBITY.

PeropTayk riarotyBAAQ MOAOALLNM

HQYKOBMV CrIiBPOBGITHUK BIAAINY KAIHIYHOI isionorii
TQ MATOAOT OMOPHO-PYXOBOro Arapary

AY «IHCTTYT repoHTonorii imeHi A.®. Yeb6oTrapboBa
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Penoprax i3 HayKOBO-NpaKTN4YHOI KOHPpepeHuii
3 MDKHaApOAHOIO Y4acTio
«3axXBOPpPIOBaHHA KiCTKOBO-M'A30BOI cucTemMu
Ta BiK»

12-13 x08mHsa 2023 poKy

Posniznasuiu x60podu npuxoeanozo nepeoiey,
Ham maiicmepruil Meouk 0apye 3yineHHs.
A6y Aai ion Cina

12—13 xoBTHs1 B KueBi y (popmaTi nucraHIIiitHOI Ta 0CO-
OKMCTOI yyacTi BimOyJsacsl IIopiuHa HayKOBO-IpaKTUYHA KOH-
epeHLIis 3 MiXKHApPOTHOIO YYACTIO «3aXBOPHOBAHHSI KiCTKOBO-
M’sI30BOI cucTteMu Ta Bik». Ll momist, sika crayja no0poro
Tpamuiiero, 00’eqHana (axiBIiB Pi3HMX CITELiaJIBHOCTEN —
TeparneBTiB, PEeBMATOJIOTIB, HEBPOJIOTiB, OPTOMEIiB-TpaBMa-
TOJIOTIB, (Di3MYHUX TepareBTiB, KapIioJoriB, MemiaTpiB, Ci-
MEWHMUX JIiKapiB, eHImoKpuHoJoriB Ta iH. KoHdepeHttist Oyna
opranizoBaHa /1Y «IHctutyT repontosorii im. 1.dD. Yebora-
pPBOBa» 3a CIIPUSIHHS YKpPaiHCHKOI acoliallii ocTeonopo3y Ta
Oyma npucBsyeHa 30-piudto 3acHyBaHHs HarmionambHol aka-
JIeMil MeTMUHMX HayK Ykpainu. /1o mpoBeneHHS KOHMepeHIIii
JIOJIYYWINCh HE JIMILIE MPOBiIHI HAyKOBLIi HAIIOI KpaiHU, ajie
1 mpencTaBHUKY 9 iHO3eMHMX KpaiH, a came: Kanaau, Cro-
nydenux IlrariB Amepuku, IMonbiii, CroauunHu, Yexii,
Cep0ii, Benukoopuranii, @paHiiii Ta ABCTPii.

BerynHuM ciioBoM yyacHUKIB KOH(MepeHIlii mpuBiTamu
3aCTYIMHUK OUPEKTOopa 3 HaykKoBoi podotu Y «lHcTUTYT
repoHroiorii iM. JI.®D. Yeborappoa HAMH VYkpainn», Bi-
Lernpe3naeHT ToBapruCcTBa FepOHTOJIOTIB Ta repiaTpiB YKpa-
inu npodecop B.b. Illatuino Ta mpe3uaeHT YKpaiHCHKOI
acolialiii ocreonoposy, HauioHaabHU mocoa OARSI B
Ykpaiui npocecop H.B. Ipurop’esa.

ITicaa mpociayxoBYBaHHSI IE€P>KaBHOIO TiMHY YKpaiHU
OyJIo po3Ioyaro rnepiie MjaeHapHe 3acilaHHs Mil Ha3BOIO
«Pa3om 3 YkpaiHoio». Moro Binkpuna crisroiosa Komire-
Ty HalliOHAJIbHUX TOBapuCTB MiXHapoaHOi acouialiii oc-
teortopo3y (IOF) Famida Jiwa. BucmoBuBim niarpumky
YKpalHCBKill Hallii 3a CTIHKiCTb y OOpOTHEOi 3 arpecopom,
Famida Jiwa Haronocuia Ha BaXJIMBOCTI KOJIEKTUBHOI 00-
POTHOU 3 iHIITUM «MOBYa3HUM» BOPOTOM — OCTEOTIOPO30M.
¥ nopanbluomy naBHi 1py3i YKpaiHCbKOI acollialtii octeo-
TMOpPO3Y, TOJOBU HalliOHAJTbHUX TOBAPUCTB OCTEOINOPO3Y Ta
0CTe0apTPOJIOTii i3 CyCiAHIX KpaiH MOAUIMINCH CBOIM JI0-
CBiZIOM JOMOMOTU YKPaiHChKUM TTalliEHTaM y Pi3HUX Kpa-
iHax €Bponu Tia yac BiliHU. Y CBOIil noMoBiai mpodecop
Edward Czerwinski (ITosbiia)

12-13 woBTHA 2023 poky

HayxoBo-npakTiyHa KoHdepeHuina 3 MiXHapoAHOIO yYacTio
ﬂ «3AXBOPHOBAHHA KICTKOBO-M'A30BOI CUCTEMMW TA BIK»

PO3IOBIB PO CKJIAIHI peastii mo-
YaTKy ITOBHOMAIITAOHOTO BTOP-
THEHHS i MPo Te, SIK TOJbChKU
Hapoj, 3TypTyBaBcs 3apaaud J10-
MOMOTY BUMYILIEHUM YKpaiH-
CbKUM mnepeceneHsIM. [Ipode-
cop Juraj Payer (CrnoBauumHa)
3 gonoBiano «MeauuHe Ta Ha-
YKOBe 3a0e3IeUeHHsI B CYCiTHiX
KpaiHax Kpu3u BiliHW» BUCBIT-
JIUB OCHOBHI aCIE€KTH IOTTOMOT'M
CrnoBauyyMHM Hallliii aepxaBi Ta
YKpaiHIIsM, $SIKi TIOCTpaxKaalu
Bin BifiHu. [1podecop [HcTUTyTY
KJTIiIHIYHOI 6i0XiMii Ta AiarHOCTH-
ku Kapnosoro yHiBepcutetry B
Ipasi Vladimir Palicka (Yexist)
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PO3MOBIB MPO CUCTEMY OCTEOJIOTIYHOI AOMOMOTU Y CBOIl
KpaiHi, a TaKOX MPOKOMEHTYBaB CUTYyallilo B YKpaiHi Ta 3
YKpaiHCbKMMM TpoMajsiHaMu, 110 TiepedyBatoTh B Yexii.
VY cBoiit gonogini npodecop Radmila Matijevic Binkpuia
ocHoBU cuctemu FLS (BropmHHa mpodirakTuka ocTeoIro-
POTMYHUX ITepeioMiB), sika icHye B Cep0bil 3a MmiaATpUMKHI
IOF (MixuHapogHuii ¢bOHI OCTEONOpo3y), Ta MOAINIACH
JIOCBiOM ii BUKOPMCTAHHS IS 3MEHIIEHHS MEIUKO-CO-
LiaJbHUX HACTiIKiB OCTEONOPO3y Ta HOro yCKIaaHEHb.
[Ticasa yynoBux Ta HaA3BUYANHO iHOOPMATUBHUX 10O~
Bilell iHO3eMHMX KOJIET, iXHiX TeIUIMX CJIiB Ha MiATPUMKY
Ykpainu npodecop H.B. Ipurop’eBa posnouana mnepiie
cexuiiiHe 3acimaHHs «MeHOTHIIM OCTeoapTPUTy: BUOIp
LIUISIXiB JIIKYBaHHsI», TIpUCBSYeHe MIiXHapOOIHOMY ITHIO
ocreoaptpury (12 xoBTHS mopiyHo). CaMe B lLiell AeHb
yBara CBIiTy NPUKYTa JI0 OJHOTO 3 HAWOIIbII TMOMIMPEHUX

Ta iHBAIiIM3YIOUYMX 3aXBOPIOBaHb OIMOPHO-PYXOBOTO ara-
paty — octeoaptputy. [lommpeHHsI 3HaHb MO0 €TiOJIOTi1,
rmaToreHe3y Ta e(eKTHUBHUX METOMIIB 3aIlo0iraHHs oMy
Ta JIIKyBaHHsSI — Take 3aBIaHHSI CTaBJAThH Tepel coOO0w
YUCJIEHHI MIKHApPOAHI MEIWYHI TOBApMUCTBA, IO OIIKY-
10Thes Hieto npodiemoio (OARSI, EULAR, ACR, ESCEO
Ta iH.).

«3anaapHUi KacKaid IpU OCTeOoapTPUTi: iCHYIOUI MOX-
JIMBOCTi PO3pUBY BaaHOIO KOJa» — IIi€10 JOIOBIAII0 PO3-
nouaB cekuiitHe 3acigaHHsi mpocdecop O.B. SIpemeHko
(KwuiB). I came KOMITOHEHT 3alajleHHsI ToYaB aKTUBHO (i-
rypyBaTH Yy TJyMaueHHi 1IbOro 3aXBoproBaHHs 3 2015 poky,
Bigroni ik OARSI (MixxHapoaHe TOBapUCTBO JOCTIKEHb
OCTEOapTPUTY) 3aMPOITIOHYBAJIO CydyacHEe BUZHAYEHHS 11bO-
ro 3aXBOpIOBaHHS. Po3misiatoun naroreHes3 octeoapTpury,
SIKWIA TIPU3BOIIUTD IO PYHHYBaHHS Xpsla, 10TOBigay Bil-
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MiTUB, 110 0arato 3 MpolEeciB peMOAeTIOBaHHS BigOyBa-
IOThCSI MiJl BIUTMBOM IPOTU3aNadbHUX LIMTOKiHiB, TOMY Ce-
pen ycix 6 (heHOTHIIiB ocTeoapTputy 12 % Hanexath came
IO 3aIaJIbHOTO.

[Lle onuH 3 PEeHOTHUITIB OCTEOAPTPUTY BUCBITINIA Y CBO-
it moroBini «MeTaboiyHMIT eHOTUTT OCTEOAPTPUTY: a3
KoMopbigHoro natieHTa» nmpodecop 1.1O. Tonosau (Kuis),
sIKa HAroJocuia, 110 el TUT MPUCYTHIN B ycix Kiacudi-
KallisIX, aKe MeXaHi3M € TOCUTh ITOITMPEHUM cepe Talli-
enTiB. [Ipodecop H.B. Ipurop’eBa (KuiB) y cBoiii moro-
Bini «[TocTTpaBMaTUYHMIT OCTEOAPTPUT: JIe TTOUMHAETHCS
XBOpoOa?» aklIeHTyBaja yBary Ha TOMY, IO IO 3aXBO-
proBaHHS Ha (DEHOTUIHU € BaXKJIMBOIO YMOBOIO HE TiJIbKU B
HaAyKOBIil HisSUIbHOCTI, aje i 1 y KIiHiuHil TpakTUlli, amxe
IO3BOJISIE BUILIATU MOIMQiKyloui (akTopu puU3UKY Ta
BIUIMHYTH Ha 1OTO MPOTpecyBaHHSI.

HacrynHe cekuiiiHe 3acinaHHs «Takuii pisHMI ocTeo-
Mopo3: SIK MigidbpaTu «igeaabHe» JIIKyBaHHS?» 00’€qHAIO
¢axiBLIiB pi3HUX CITeLiaIbHOCTEN: eHIOKPUHOJIOTIB, PEB-
MaToJIoTiB, TpaBMaToJIoTiB. Y mepiiii gonosini «Octeo-
MOpo3 y MpaKTUlli TpaBMaTtosiora. Peaii Ta mepcrieKTuBu»
K.M.H. M.O. Koxemska ITOmiIMBCS OOCBIIOM JIiKyBaHHS
OCTEOITopo3y B TMPAKTHUIIl OPTOIeaa-TpaBMaTojiora B Cy-
JaCHUX YMOBAaX BOEHHOTO CTaHy. | OZHUM 3 BaXKJIMBMX
BUCHOBKIB JoMoBigaya OyB 3aKJIMK IO OiLIbII IIMPOKOTO
3aJTy4eHHsI OPTOIENiB-TPABMATOJIOTIB Y CKJIa MYJIbTUINC-
LUIUTIHApHUX KOMAaH[ IJIs SIKiCHOI i BCeOiYHOI TOIMOMOTU
nauieHTy 3 ocreonopo3oM. HactynHy nonosias « MeHemx-
MEHT MOCTMEHOIIAay3aJIbHOTO OCTEOMNOpo3y: YKpaiHChKi
pekomeHnauii — 2023» npodecop H.B. Ipurop’era (Ku-
1B) TIpUCBITUIIA ITaM’SITi HAIIIOTO BYMTEJISI, TIEPIIOTO IIpe-
3UJeHTa YKpaiHChKOI acolliallii 0cTeonopo3y, BUAATHOTO
BUEHOTO, 3aCJIy>K€HOTO [isiua HAyKW i TeXHiKU YKpaiHu,
npodecopa B.B. IToBoposHioka. 3 yKpaiHCBKUMU pPEKO-
MEHIAILISIMU 100 JiKyBaHHS ITOCTMEHOTIAy3aIbHOTO OC-
TEOIOPO3y MOXHA AeTaJbHillle 03HAMOMUTHUCH Y XKypHaJIi
«binb. Cyrinobu. Xpebder» (2023 pik, Tom 13, Ne 3). Takox
Haranis BikropiBHa aHOHCYBajla MaitOyTHIO PO3pOOKY pe-
KOMEHJIALIi 1100 MEHEIXMEHTY IIIOKOKOPTUKOIMIHITY-
KOBaHOT'O OCTEOIOPO3Y Ta OCTEOINOPO3Y Y YOJIOBIKiB.

HayroBo-npakTiuHa KoHdepeHLina 3 MiXHapPoAHOI yYacTio
«3AXBOPIOBAHHSA KICTKOBO-M'A30BOI CUCTEMW TA BIK»

Cporo gponoBigb «Octeo-
IOpo3 y TPaKTUL eHIOKPH-
HOJIOTa» TIpe3eHTyBaja I.M.H.
B.JI. Opnenko (KwuiB), sika 3y-
MNUHWIAChE HAa EHIOKPUHHUX
posnagax, ILIO IPU3BOASATH 0
3aXBOPIOBAHHS Ta MOro yCKJai-
HEHb, TOMY BaXJIMBO MaM’SITaTH,
110 JEeKOMIIEHcAllisl 1IMX CTaHiB

MOTIpIIYE TMOKa3HUKU MiHe-
pajbHOI WIUIBHOCTI  KiCTKOBOI
TKaHUHU.

Ha tpeTboMy cexililiHoMy 3a-
cimanHi «Kanb1ieBuit mapamoxc:
Ha TepexpecTi AMCUMILTIH» OyIn
3aciyxaHi qonosifi: «[TopyiieH-
HST 0OMiHY KaJIbLIiI0 IIPX XPOHiY-
Hilf XBOpoOi HUPOK» Ipodecopa
Wei Chen (CILA), «KanpuieBuit
rmapaaoKc — KiCTKOBa Ta CyaIMHHA XPYIMKIiCThb: Y1 € MOXKJIMBIL
pimeHHs?» mpodecopa O.1. Himkymaii (KuiB), «3axBopio-
BaHHSI HEPBOBOI CUCTEMU Ta Kajblliii: Y4 iCHYE 3B’I30K?»
n.M.H. M.A. bucrpuubkoi (KuiB).

[Tpodecop O.I. Himkymait y cBoiii IOIoBiai HaBe-
Jla MeToar TpodilakKTUKK Kajabliudikailii cyaMH, a came
OLIIHKM ¥ KOopekKllii (pakTopiB pu3UKY, paHHOI 1iarHOCTUKU
0CTEeOonopo3y, MPodiJaKTUKN CapKOIIEHil, pallioHaJIbHOTO
ninoipy no3u Ta hopMu coJieil Kasbllilo, a TAKOX BiJ3Ha-
YiJIa BaXKJIMBICTh CBOEYACHOTO ITOYATKY Teparri. JI.M.H.
M.A. bucTtpuiibka akiieHTyBaJIa yBary y9aCHHUKiB KOH(e-
peHLIii Ha 3B’SI3KY MiX CITOKMBAHHSIM KaJbllil0 Ta TAKUMU
3aXBOPIOBAaHHSAMMU, SIK XBOpoOa AJblireiimepa, XBopoOa
IlapkiHCcOHa, iHCY/IBT, YePEIMHO-MO3KOBa TpaBMa, TPaBMU
CIMHHOrO MO3KY Ta iH. | Big3zHauyua, 1110 32 yMOBU HEHPO-
JlereHepaTMBHUX 3aXBOPIOBAHb 3MiHU MO3KY MOXYTb OyTH
OB sI3aHi 3 MepeBaHTAXXEHHSIM KJIITUH KaJIbLIiEM.

VY 3akyrouHOMY CeKliiiHOMY 3acinaHHi «/lediuut Bita-
miny D B Ykpaini: oHoBienns 2023» mpogecop I.B. be-
ketoBa (KuiB) rnpe3eHTyBajla cydyacHi CTaHIApTU HaJaHHS
MEIUYHOI JIOTIOMOTH TIpY aJliMEHTApHOMY paxiTi y AiTeit
B VYKpaiHi. I[pymoio ykpaiHCBKMX €KCHEpTiB po3po0Jie-
HUIl KOHCEHCYCHMM JTOKYMEHT, 3aCHOBAaHMUI Ha JOKa3ax,
110 MiCTUTh peKOMEeHAllil 3 TpodiTaKTUKM, 1iarHOCTUKU
Ta JIiIKyBaHHSI aJliMeHTapHOIro paxiTy. ¥YCi rjio0ajbHi Mmpo-
On1eMM — ajliMeHTapHUM paxiT, ocTeomaslis, AediuuT
KaJpllilo i BiTaMiHy D aKTUBHO JOCIIITKYIOThCS B YKpaiHi
i YKpaiHCbKMMM HAyKOBLISIMU Ta JIiIKapsIMU JOKJIAAAI0ThCS
YCi MOXJIMBI 3yCWJLIS JUTST 3alI00ITaHHST MM 3aXBOPIOBAH-
HSIM i CTaHaM Ta iX JIiKyBaHHSI.

HornoBinb «MeHemxkmeHT nediuunty Bitaminy D B Ykpa-
ini: KoHceHcyc ykpaiHchbkux ekcrieptis» H.B. [purop’esa
posroyarna 3i 3raikyd Mpo 3HAYHUI BHECOK mpodecopa
B.B. [loBopo3HIOKa y BUBUYEHHS MpoOieMu OedilluTy Bi-
taminy D. PoGoTa Hapg 1i€io mpo61eMoI0 MPOa0BXKYETHCS
MPOTSITOM JIECSATUIIITh, i pe3yJbTaTaMu ii CTaau PEKOMEH-
Jallii o0 AiarHOCTUKY, JIIKyBaHHS Ta MPoQilaKTUKK Bi-
TamiHy D y nopociux, siki Oy/u HeloaaBHO OMyO0IiKoBaHi
(meraipHillle MOXHA O3HalioMUTHUCA Y XypHali «binb. Cy-
rioou. Xpeber», 2023, Tom 13, No 2).
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3aKIIIOYHOIO OMOBIANI0 CEKIIMHOro 3acimaHHs OyJa
«JludepeHliiiHa AiarHOCTUKA CHMHIAPOMY OCTEOMAJISIIIii
Ta paxiTy y Malli€HTiB pi3HOIo BiKy», MpeAcTaBleHa Mpo-
decopom H.I. Banaipkoro (KuiB), sika BuCBiT/IMIA Hdia-
THOCTUYHI KPUTEPii OCTeOMaIsllii Ta aKTUBHOTO paxity, a
TaKOX IiKaBi HO30J0Tii: cuHapoM PDaHKOHiI, OHKOTEHHY
OCTEOMAJISIIIIO Ta 34YEIIeHY 3 X-XpOMOCOMOIO Tirmogocda-
TeMito.

3aBeplInBCs TMepLInil 1eHb HAyKOBO-TIPAKTUYHOI KOH-
depeHtIii MacyMKOM OOCATHEHb YKpaiHCHKOI acoIliaril
OCTEOTOopo3y, SIKUI Mpe3eHTyBajlla ceKperap acoliallii
K.M.H. A.C. MycieHnko, Ta 3aciganusaM [IpaBaiHHs YKpaiH-
CBKOI acolliallii 0CTeonopo3y.

Jpyroro nHs KOH(epeHIlil MPOIOBXYyBaluCs ILiKaBi
CUMIIO3iyMM I1IOJ0 JIIKYBaHHSI IaTOJIOTil OMOPHO-PYXOBO-
ro amapary, i mepliie cekiliiiHe 3aciiaHHs OyJIo TIPUCBSI-
YeHe CYYaCHMUM CTpaTerisiM y JiarHOCTHUILI 3aXBOPIOBaHb
KiCTKOBO-M’SI30BOI CUCTEMU.

OcTtaHHIMM poKaMu B YKpaiHi Jlikapi 6aratbox crelli-
aJIbHOCTEN IIMPOKO BUKOPUCTOBYIOTH y CBOIM TMpaKTHUIL
onutyBaibHUK FRAX 17151 OLIIHKM pU3KMKY OCTEOTIOPOTHY -
HUX TIepeIoMiB, siKuii 6yB po3pobiaeHuiit BOO3 me y 2008
poui. JlaBHiif Apyr HaIIOI acowialii, IK1Uii HEOTHOPa30BO
OpaB yJacTb y Hammx KoHdepeHuisx, npodecop Llled-
dinacekoro yHiBepcuteTy Eugene McCloskey (Bemuko-
OpuTaHisi), TOJAaB y CBOIil JOIOBiAI OCTAHHI OHOBJIEHHS B
ouiHi pusuky nepeiaoMiB — FRAX i FRAXplus.

Hactynna pomnosiab k.M.H. A.C. Mycienko (KwuiB)
«MOXJIMBOCTI A€HCUTOMETPIi B OLiHII CTaHy KiCTKOBOL
TKaHWHUW» MICTWJIa BaXJIMBi IOpaau IIOAO IPOBEACHHS
JaHOI IIPOLIEAYPH i €JIEMEHTIB, sIKi HEe CJIiJI BKJIIOYaTH Y BH-
CHOBOK: 3a3HAaUY€HHS T'pajiallii OCTEOIeHil Ui OCTeOTopo3y,
OKpeMi JiarHo3u ISl pi3HOI JioKati3allii, iHTepripeTarist
pe3yJbTaTiB MiHEpaJabHOI IIUIBHOCTI KiCTKOBOI TKAaHWMHU
IUISTHOK CKeJleTa, SIKi He IpUIATHI 171 aHai3y.

BukopucranHio METOmIB OLIIHKM KiCTKOBOI CTPYKTY-
pU Ha OCHOBi NEHCUTOMETPUYHOTO METOIY Yy XBOPUX 3
BTOPUHHUM OCTE€OINOPO30M Oyja MpUCBsIUEHA MOIOBIIb
Martin Kuzma (CnoBauunHa), sika IrpyHTyBajlacsi Ha JIBOX
OCHOBHHUX TOHATTSIX — IUIUIBHICTh Ta SIKICTh KiCTKOBOI

HaykoBo-npakTHyHa KoHdepeHLia 3 MDKHAPOAHOI y4acTIio
«3AXBOPHOBAHHSA KICTKOBO-M'A30BOI CUCTEMM TA BIK»

TKAHUHM. 3TiIHO 3 pe3yjbraTa-
MU HEIIOJJaBHO OIyOJIiKOBaHUX
nocimkeHb, ToKa3sHUK TBS,
SKWI BimoOpaxka€e SIKiCTh KiCT-
KOBOi TKAHWHU, MOX€e OyTH BU-
KOPUCTaHUM JUISI MOHITOPUHTY
JIIKyBaHHSI TOPMOHOM  pPOCTY
IIpy TIPOBEIEHHi 0i0J0TiYHOI
Tepamii. 3 iHIIOro OOKY, HOBUA
METOJ OLIIHKM CTaHy KiCTKOBOI
tkaHuHu  (3D-Shaper) Moxe
OyTH 3aCTOCOBaHWIA, KOJU He-
MOXJIMBO IPOBECTHU Hiomcito abo
KT-giarnHocTuxy.

ITpodecop H.B. Ipurop’esa
y nomoBini «bioxiMiuHi MapKepu
KiCTKOBOI TKAaHWHM B JiarHOC-
TH1Ii OCTEOITOpO3y: Mihu Ta pea-
JIii» 111e pa3 HaroJaocuia, 1o 6io-
XiMiYHi MapKepu KiCTKOBOI TKAHUHMU, SIKi MOXXHa BUSIBUTU
B KpOBi a00 ceyi mali€eHTiB, He MOBUHHI BUKOPUCTOBYBa-
TUCH JUISl IIaTHOCTUKK OCTEONOPO3Y, MPOTe BOHU MOXYTh
OyTM BUKOPMCTaHi IJIs MiAOOpY aHTHMOCTEONOPOTUYHOI
Tepamnii Ta oliHKM ii epekTuBHOCTI. BogHOouac nmoTpioHO
rmam’sTaT¥ Mpo iXHIO OCOOJIMBICTh: BOHU € JOCUTH Bapia-
OeIbHUMU, MOXKYTh TiABUIILYBATUCS TICIS TIepeioMy i 10-
IoMaraioTh y IudepeHLiliHili 1iarHOCTULII METa0OIIYHUX
3aXBOPIOBaHb KiCTKOBOI TKAHWHMU.

[octe cekuiiine 3acimanHsa «Cyriio00BUi CUHAPOM Y
KJIiHIYHI TIpaKTHUlli» po3MoYasoch momnosinmio «Bim 60-
JII0 B HVDKHIM YacTUHI CIIMHU OO0 OCTEOApTPUTY XpeOTar,
SIKy MPEICTaBUB BilOMUII BUEHUI i aBTOp MiXKHApOIHUX
peKoMeHaalliil o0 JiKyBaHHS OCTe0apTPUTY mpodecop
Frangois Rannou (®panuis). HaykoBelub po3mnoBiB mpo
Cy4yacHi YSIBJIECHHS LIOMO MAaTOTeHe3y Ta MEXaHi3MiB po3-
BUTKY OCTEOAPTPUTY W€l JIOKaTi3allil Ta TpU HaNpPsIMKU
iioro JyikyBaHHsI. Temy Cyrjao00BOro CHUHIPOMY IPOJO-
Bxwuia npodecop H.B. Ipurop’esa, sika 3BepHyJia yBary Ha
nudepeHIiiftHy 1iarHOCTUKY Ta JIiKyBaHHS B 0Ci0 JIITHHOTO
BiKy. AKTyaJIbHOIO cTajia 1oToBiab rpodecopa JI.B. Ximi-
oH (KuiB) «EdexTuBHICTb i Oe3meKka ypaT3HIKYIOUOi Te-
pamii y MyJIbTUMOPOiIHUX MAILiEHTIB B YMOBax peajbHOI
KJIiHIYHOI NpakTUKW», y SAKili BUCBiTIeHa Haa3BUYaliHa
3HAYYIIiCTh JOCSITHEHHS LUIbOBUX PiBHIB CEYOBOI KHUC-
JIOTM Y TIAlli€EHTIB 3 MOAATrpOI0 Ta CYIMYTHBHOIO XPOHIYHOIO
XBOPOOOIO HUPOK.

Ha nactynHomy cekuiitHomy 3acinanni «Micue HIT3TT
y JIiKyBaHHI XpOHIYHUX OOJILOBUX CUHIPOMIB» PO3IJIsiia-
Jlach TeMa T epeHIlinHOT 1iarHOCTUKY apTPUTIB Ta IMiAX0-
IIM J10 iX JIiKyBaHHs, sIKy TipeactaBuia podecop I.O. [Tpo-
neHko (KuiB), Haroso1uymouu, o B MEHEIXKMEHTI XBOPUX
3 apTPUTOM ITOBUHHI OpaTH y4acTh (paxiBIi SIK ITepBUHHOI
JIAaHKM, TaK i PEeBMATOJIOTM Ta CYMiKHI KOHCYJIBTaHTH,
aJoke BIICYTHICTh CBOEYACHOI HiarHOCTUKM Ta JIIKYBaHHS
MOXe MPU3BECTU A0 MEPEXOly 3aXBOPIOBAHHS Y XPOHIUHY
dopmy. IIpodecop 1.}O. Tonosau (KuiB) y cBoiit pomnosini
«IIpodine 6e3nexu HII3I1: yu MoxkiauBa HiuMsl MiX ce-
JIGKTUBHUMU 1 HeceJeKTUBHUMU iHribiTopamu [[OT-2?»
3aKjIMKasa 3 ooepexHictio npuszHadyatu HIT3I1 nauienTam
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3 KapIioBacKyJSIpHUM PU3MKOM, MOHITOPYBAaTU MOXJIMBI
YCKJIQJIHEHHSI 1 32 HEOOXiTHOCTI BUKOPUCTOBYBATH HIKYi
NO3yBaHHS 1uX TipernapariB. Jlonosigb «CydacHi MOXITH-
BOCTI JIIKyBaHHSI OCTEOapTPUTY», 3pobJsieHa mpodecopom
P.1. bnoncekum (KwuiB), Haramama Ham, 1o HaitiHdopma-
TUBHIILIUM METOJIOM J1iarHOCTUKU OCTEOapTPUTY 3ajuilia-
etbcsa MPT. A cepen cydacHUX METOMIB JIIKyBaHHSI BaXK-
JIMBE Miclle 3aiiMaloTh sIK KoHcepBaTuBHI (PRP-tepamis,
BBEIEHHSI aBTOJIOTIYHUX Me3eHXiMaJIbHUX CTOBOYPOBUX
KJIITUH, BBEJACHHS TiaJypOHOBOI KUCIOTU, BUKOPUCTAHHS
XOHJIPOIIPOTEKTOPiB Ta (pizioTeparii), Tak i onepaTuBHi
MeToau (apTpOCKOIlisi, KOperyloya OCTeOoTOMisl Ta €HAO-
MpOTEe3yBaHHS).

OcTtaHHE CceKlliliHe 3acimaHHs, TPUCBSIYEHE CyYaCHUM
CTpaTerissM JIiKyBaHHSI 3aXBOPIOBaHb KiCTKOBO-M’S30BOI1
CHCTeMHU B OCi0 JIITHROTO BiKy, BiIKpuja AOMOBiAb 11010
moxumBocTeil Mikpo-PHK y MeHemkMmeHTI 3axBopioBaHb
KiCTOK Ta CyIJIOOiB HaBHBOTO Ipyra YKpaiHu mpodecopa
Heinrich Resch (ABctpist). ¥ cBoiil momnoBidgi HayKOBellb
MpPeICcTaBUB BJIACHI JOCTIIKEHHS 3 BUKOPUCTAHHS MiKpo-
PHK nipu pizHUX MeTa0O0IiYHUX i 3aMaJIbHUX 3aXBOPIOBAH -
HSIX KiCTOK i CyI/100iB Ta IOMIMBCS PETeIbHO MTPOBEASHUM
aHaJIi30M JIiTepaTypHUX JKEpe.

[Mpodecop H.B. Ipurop’eBa y 3akiitouHiii JOMOBi/Ii KOH-
depenii «JIikyBaHHSI 3aXBOPIOBaHb KiCTKOBO-M’S30BO1
CHCTeMU B 0Ci0 JIITHBOTO BiKY: SIK PO3CTaBJISIEMO TPiOpU-
TeTu?» PO3IOBiJia PO BAXJIMBICTH MoJihapmakoTepartii,
sIKa 3pOCTA€E 3 BIKOM, i HAarojocuiIa, 1o OCHOBHUMMU CKJIa-
JMOBUMU YCIIIIIIHOTO JIIKyBaHHSI 3aXBOPIOBaHb KiCTKOBO-
M’S130BOI CUCTeMU € e(eKTUBHICTb, Oe3rneKa Ta KOMILIa-
eHTHicTh. Hampukinii momosimi mpodecop mpouuTyBaia
Bimomoro ¢dpaHiy3pkoro nucbMeHHMKa AHape Mopya:

«CrapiHHsSI — He OiJIbllIe HiX TToraHa 3BMYKa, sIKiii 3aifHsTa
JIIOJIMHA HE Ma€ yacy CJlilyBaTu».

«Y Hac monepeny gyxe 6araro podoru. Ham motpioHo
MOCTIHO pyXaTUCh yIiepen, 11100 HabauxkaTu Hairy [lepe-
MOTY, TIOTPiOHO IMiATPUMYBATH PiTHMX Ta OJIM3BKUX i THX,
XTO B HAMOLIBIII CKJIATHMX yMOBax. ToMy HeMae 3aiiBOro 4a-
Cy Ha CYMHiBH Ta BTOMY, BCi MY Ha IIJISIXY 0 CIIUILHOI METH
i IIMPO BipMMO, 110 HACTYIIHOTO POKY BOHA 00OB’SI3KOBO
Oyne!» — caMe TaKUMU TeIJIMMU i MOTUBYIOUMMU CJIOBAMU
3aBeplinia KOH(pepeHIlilo Mpe3uaeHT YKpaiHChKOI acolli-
atii ocreonopo3y npodecop H.B. Ipurop’esa.

BucsitTieHHs1 npo6siieM CbOTONEHHS, 30KpeMa 3axBO-
pIoBaHb CYIJI00iB, OCTEOMNOpO3Y, a TaKOX OaraThboX iH-
IIUX HO30JIOTiH, sIKi 0OroBOPIOBAIIMCH Ha TIJICHAPHUX Ta
CeKLIMHMX 3acimaHHsIX, X palioHaJbHUN MEHEIKMEHT €
HaI3BUYAHO aKTyaJIbHUMM IJIsSI TIPAKTUYHOI MisUIbHOCTI
MEIUYHOI CIIJIBHOTU, K€ YacTo 1li CTAaHU TPU3BOISATH
IO iHBajimm3alii IMali€HTIiB Ta MiABUIIYIOTh MOKa3HUKU
CMEPTHOCTI, 0COOJIMBO B 0Ci0 JITHBHOTO BiKY. [IBa Hacu4eHi
JIHi HayKOBO-TIPaKTUYHOI KOH(EPeHIIii ITpoIeMOHCTPYyBa-
JIM HEOOXiAHICTh 0OMiHY JOCBITOM MiX (haXiBLISIMU Pi3HUX
creuiaJibHOCTe! ISl HaJaHHs KBajli(hikoBaHOI MeAMYHOI
JTOTTOMOTM HACEJIEHHIO Ta TMOJIMIIEHHS SIKOCTi XUTTSI Ha-
IIMX TalieHTiB. Bu MaeTe MOXJIUBICTb O3HAIOMUTUCH 3
noroBigsiMu Ha Tutatrdopmax Osteohub (Attps://osteohub.
info/12-130ct2023) Tta YouTube (https.//www.youtube.
com/@user-yo50p Stwor).

Pernopravk rmiarotryBaAQ MOAOALLIMM HQYKOBUMN
CriBPOBITHUK BIAAIAY KAIHIYHOT ¢isionoril

TQ MATOAOT OMOPHO-PYXOBOro Arapary

AY «IHCTUTYT repoHTonorii imeHi A.®. Yeb6oTrapboBa
HAMH YipaiHu» A.B. IHowmHa 18
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FeHii He BMMpaloTh...

Benuke macts, KoJii 0COOMCTOCTI BIAETHCS peastizyBa-
TH CBill XXMTTEBUI IOTEHIIial. AJie 1Ieil crajax He OyBae
JIETKUM...

16 BepecHs 2023 poKy TillIa 3 XXUTTS HE TPOCTO BUIAT-
Ha i1 BUHATKOBO o0fapoBaHa JoauHa. [lobaunia o0anays
Tocrnona 3HaMeHHa IoCTaTh, OAWH 3 HaKpalllux CUHIB Cy-
yacHoi Ykpainu — Bnanucnas Biktroposuu be3pykos, Bue-
HUI-TepOHTOJIOT, Jlikap, OpraHizarop OXOpOHU 3A0POB’S,
XYIOXXHUK, KOMITO3UTOpP, TIOET, 3HaBeIlb iIHO3EMHUX MOB,
MUCJIUTEIb, iIHTEJIITEHT, SIK KaXyTh, 10 CAMUX KiCTOK.

Lle HermonpaBHa Brpara my1st Hac. [TokuHyB 11eii cBiT [eHiii.

Bimoma MakcuMma 1po Te, 110 cepeln Hac 3aBXKIM € TeHi-
anbHi ioau. Ha xxanb, Mu 3a IXHE XXUTTS Maiixke HiKOJIU B
IIbOMY He 3i3HAEMOCH, i Iie I1Ie OiIbIIe 3aCMYIy€E, YCe YacTi-
11I€ CITIOHYKAE€ 710 TPUBOXHUX PO3AYMIB.

CkiamHi yacu BUIIPOOyBaHb i 3MMIHIB, BiliH, ToJI0my i maH-
JeMiii MaiiKe ITOBCSIKYAC MPUHOCSTH JIIOACTBY i HAlit0 Ha BiApo-
TDKEeHHSL. |, SIK HaM 3Ma€THCs, TTPOBOAMPSIMU 1IbOI'O BOCKPECIHHS
caMe i € ogapoBaHi boxkoro Jlackoro Halikpallli peaCTaBHUKKU
monctsa. OnHuM i3 HUX i 6yB Bianucnas be3pykos.

Haponuscst Bnagucnas BiktopoBuu y micti Camapi B
CKJIaJHi mepeaBoeHHI yacu — 25 moToro 1940 poky.

Lleit nmepion 3amam’siTaBcst JIOACHKiN LMBiTi3alii po3-
najom JIpyroi cBiTOBOI BiliHM; BeJIMYE€3HMMM BTpaTaMiu B
3umosiit BiitHi Mixk CPCP Ta ®innsgHaieio; OyaiBHULITBOM
HiMIIMU KoHLTabopiB, okymauieio CPCP kpain banrrii;

JIMKTaTypolo MpoJieTapiaTy paassHChKOI BJIaau Ta il CUCTEM-
HUMU PEIpecisiMu 1100 iHTeJireHIlii, BUeHUX, BiliCbKO-
BUX... SIKe 111e 3J10 MU YITYCTWJIM B Li#i ripkiit yamii?

Brnanucnas BiktopoBuu 3ramyBaB: «Miii 6ambko 3aeu-
Hye 1941 poky. Y nicaseoeuni wacu moiit mamepi 6y10 eaic-
Ko cnpaeasamucs 3i cima npobaemamu camomyxcku. Tomy i
nputinamo piuenHs npo écmyn 0o Kuiecvkoeo cygopoecvkoeo
yuuauwa. Ilicas nucomogoeo 3eepuenns 00 GilicbKKoMamy
1950 poky s nompanue 0o 1aé caraeemno2o 3aKnady».

Hami BnamucnaB be3pykoB mpomoBxye: «Hanepedooui
3AKIHYeHHS YHUAUWA CIAA0 SCHO, WO GILICbKOBUM ULIAXOM
MeHi nimu He dacmbcs. 1 npudamuuil He 0451 KOICHO20 V4~
auwa. Tomy supiuiue nimu y ilicbk080-meOu4Hy aKademiro.

Ha miii 6ubip enaunyna xeopoba mamu. Koau s nasuascs 6
decamomy Kaaci, 6i0 yuuauwa 6y10 HANPAAeHo 3anUm 3 NPo-
XAHHAM Hadamu iHpopmayiro npo npasusa npuiiomy 0o 8iti-
cbK080-meduuHoi akademii. Ham sionosinu, wo cysoposuie
mydu, Ha dcanw, He 6epyme. Tomy 3aruwanocs ecmynamu 0o
36UUATIHOCO MEOUHHO20 BUULY.

1 ocb cam Hauanvhuk yuuauwa, eenepan Ymauncokuii nogis
MeHe CB0EH MAUWUHOK 3 MOIMU QOKYMeHmamu 00 npuiimans-
Hoi Komicii na Bpecm-Jlumoecvicomy uioce 0o Heuy0dasHo 30y-
dosaro2o Kopnycy mediHcmumymy.

A npoitwos cnigbecidy 3 ximii, Ky mooi 3anpoeaduau Ha-
8imb 015 3010mux i cpibHux medanicmis. Jlo peui, pozmoensns
30 MHol npoghecop Cmpanxcecko, cur 8idomoeo kapdionoea,
akademika Mukoau Imumpoeuua Cmpasicecka.

Kadem Kuiecbkozo cygopoecbkozo yqunuwa
B. bespykoe
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Iicas ecmyny do incmumymy euumucs 6y10 documeo nee-
K0, 00 8 YuuAUuwi Mu negHoI0 Mipor 8Unepeoscalu npoepamy.
3nanu mpoxu binvute moeo, w0 0a8aIU y 36UHALHUX WKOAAX |
Ha nepuiux Kypcax. 3 aHeaiilcbKoro meic cKAaoHouie He 0y1o.
Tucsui 30asamu 6yn0 aeeko...»

OpnuM 3 61M3bKUX Apy3iB BragucnaBa BikropoBuya OyB
MOro claaBeTHMII TOBAapHUIN II0 CKJIATHUX JaOipMHTaX Me-
JUYHOTO iHCTUTYTY — Bonmomumup BikTopoBuy MakapeHs,
SIKUI TOBOJII 4acTO 3rajyBaB Ti UyAOBi CTyIEHTCHKi Yacu i
pO3MOBigaB MeHi Mpo HUX: «Braducrae bye 3aexncou 3a635-
mum cmyoeHmom: Mu 8i0NOYUBAEMO, a 8iH 6 OpuiHal Humae
Hlexcnipa. Mu na eevopruysx, a 6it 3a cmy0eHmcoKo HAYKo-
6010 pobomoro. lllo nopobuut, eeHii — 6oHu 3a8xc0U MAK...»

| He BUNaIKOBO 111€ B CTY/IEHTCHKi pOKU 1oJist Biaguciasa
BikTopoBuya 3Besa oro 3 BUIATHUM BUEHUM i MEIarorom,
npodecopom Bomomumupom BeniaminoBuuem ®Dposbki-
COM, MiIT KepiBHUIITBOM SIKOTO i IT0YaI0CS HAYKOBE SKUATTS.

[Tics 3aKiHYeHHS iHCTUTYTY 3 BiIl3HAKOIO IEpIii KpPo-
KM MOJIOAOTO JiKapsl B OypXJIMBOMY MOpPi MEAULIMHU Oy
3po0JIeHi B LIapUHi Xipyprii.

Vroponosxk aBox pokiB B. be3pykoB mpaiioBaB opau-
HATOPOM XipypriuHoro BimmineHHs1 YepkacbKoi 00JacHOI
JIiKapHi. AJie MO0 He 3MiHMII, i BHYTPIIIHIA iMIlepaTuB
cnioHykaB BiaguciaBa be3pykosa moBepHyTucs 1o Kuena i
royaTy 3HAMEHHUI1 LIUISIX HayKOBILIsI-HOBaTopa. Biagucnas
BikTOpoBHUY BCTyIa€e B acIipaHTYpy 10 €KCIIEPUMEHTAb-
HoOTO Bindiny Ta jadopatopii (iziosnorii [HCTUTYTY TrepoH-
tosorii AMH CPCP nin xepiBuunrsoMm B.B. ®dpoibkica.

bazoBuMm gocmimHUIIBKMMU iHTepecaMy TOBOJI MOJIO-
JIOTO BUEHOTO CTAJIM CKJIAIHI MUTaHHS HEMPOTyMOpaTbHOI
peryysiii misSZIbHOCTI CepleBO-CyIMHHOI cuctemu. Bia-
nuciaB BikTopoBuy peTeIbHO TOCiAUB BiKOBi 0COOJIMBOC-
Ti peryssiii KpoBOOOITy i BIUIMB Pi3HUX AISIHOK TOJIOBHO-
ro MO3KY Ha KPOB’sIHUi1 TUCK i poOoTy ceprieBoro M’si3a. Lli
pe3yabTaTu i JIIM B OCHOBY MOro KaHAMAATCHKOI AUCEP-
Tallii, sika OyJia ycrinrHo 3axuiineHa 1970 poky.

Hapani B. be3pykoB 30cepeauB yBech CBili HayKOBUiA
MOTeHIiaJl Ha BUBYEHHI pOJIi TilloTajJlaMyca B IIpollecax
cTapiHHS, 1110 3 YacoM, 1982 poky, Bunuiaocs y hbyHIaMeH-
TaJbHY TPaIlio 3 OJATBIINM 3aXUCTOM JTOKTOPCHKOI JIMC-
epralii Ha TeMy «XapaKTepruCcTrKa (pyHKIIOHATBHUX 3MiH
rirorajgaMmyca Ipy CTapiHHi».

HoBuM ocsissHHSIM 1 BUKIMKOM a0Jii mist Brmamucnasa
bespykoBa crano mpusHaue€HHSI HOro y Bimail mpoOjem
crapints npu Llentpi OOH i3 coliaibHOro po3BUTKY i Iy-
MaHiTapHuX nuTaHb y Bigi 1983 poky.

B.B. ®ponekiciB.B. bespykoe

Benuye3Huit mocBia opraHizalliiHO-ympaBIiHChKOI Ta
HayKOBOi poOOTHM, OTPUMaHUi y I1ill BUIATHIN YCTaHOBI,
CTaB TIepeyMOBOIO TTOAJIbIIOI MPOMO3UILil KepiBHUIITBA
AMH CPCP nosepnytucs 1o Kuena it 040gIuTH CTOINY-
HU [HCTUTYT repOHTOJIOT .

Ha wiit HapcknamHiii, BimmoBimanbpHiM mocani Biagn-
cnaBy BikTopoBuuy Bmanocs o0’emHaTH ¥ MHigHATA Ha
SIKICHO HOBMI piBeHb 0araToBeKTOPHY YIPaBIiHCBHKY Ta
HAyKOBO-IOCHIAHULILKY POOOTY AEep>KaBHOTO MiANpUEM-
CTBa COIO3HOTO 3HAYEHHS.

KonekTuBom IHCcTUTYTY Oy/IM 3aM0YaTKOBaHI il yCIIIITHO
BUKOHAaHI YHiKaJIbHi eKCIIEPUMEHTaJIbHI pOOOTH, TTOB’sI3aHi
3 TOCJIKEHHSIM MPOILIECiB CTApiHHS i MUTaHb JOBTOJITTSI.
CniBpoOIiTHMKM 3aKJiaay Opajiu y4yacThb Y BUKOHaHHI Bce-
CO103HOI1 mporpamMu «ITpomoBXKeHHS XUTTsI», OyJIM Hajaro-
JKEeHI 3B’13KW 1 rmocuieHa eheKTMBHA HayKoBa CITiBITpa-
11 3 MPOBITHMMU JOCTITHUIBKAMU 3aKjIagaMu AMEpPUKH,
€pponu i fAmnonii, OyB 3acHoBaHMi1 XypHan «I[Ipobiaemu
CTapiHHS Ta TOBTOJITTsI» i CTBOpEeHA Crelliali3oBaHa BUYeHa
pana i3 3aXucTy JOKTOPChKUX AucepTaliiii. HaykoBe >Xutts
[HCcTUTYTY HEe TPOCTO BUPYBAJIO, 1Iei 3aKJIaj CTaB ETAIOHOM
IHTeJIEKTyaJbHOI MEIUYHOI JYMKM KpaiHu.

BnanuciaB BikropoBuu — akagemik HAMH VYkpai-
HU, 3aCJIyXKeHMI Jisgd HayKW i TeXHiKW YKpaiHu, jJaypeaT
npewmii im. M.JI. Crpaxxecka HAH Ykpaiuu, nmaypear dep-
JKaBHOI IMpeMii YKpaiHu B Tajy3i HayKu i TeXHiKu, aBTOp
b6aratbOX MeIMUYHUX OecTcesiepiB, SIKi CTaJli HACTITBHUMU
KHUTAMM He IS OJHOIO ITOKOJIiHHS MeauKiB, Buurenp i
HacraBHuk, Benukuii maHyBaJbHMK HalioHanabHOI Ha-
YKOBOI MEAMYHOI 0i0mioTeKkn YKpaiHu.

HanpukiHiii 110ro HeBEIMYKOIO €Ce XOTiaocs O mpura-
JIaTy SIK Hallli JOBOJIi YacTi 3ycTpivi 3 BaanucnaBom BikTo-
poBuueM be3pykoBuM y criHax IHCTUTYTY repoHTOsIOrii 200
B KOH(epeHII-3alli KITiHiK1 «AKcimMel», Tak i HepopMasbHi
NPY>kKHi KOHTaKTH 0e3MocepeHbO BAOMA B YYEHOIO, Y OTro
YYIOBOMY 3aTHMILIHOMY 3aMiCbKOMY OYIMHOYKY, SIKWI OyB
st MaiicTpa kKepesioM HaTXHEHHSI: s 3aBXIU OTPUMYyBaB
OaraTo Ha/JI3BMYAITHO 11iKaBO1, TpodeciitHo BaxkInBoi iH(op-
Mallii, sika TMOBCSIKYAC MaJla CyTTEBY aHATITUYHY CKJIAIOBY.

CmoumBaiite 3 MupoM, moporuii BiamucnaBe BikTo-
poBuuy... bynbre BneBHeHi, mo Bami 3m00yTku; i Bamre
noOpe iM’s Mu, Ipy3i, Kojieru, 01u3bKi Bam mogu, Oyne-
MO 3 YECTIO HECTHM CKpi3b POKHU, Mepefaodnd MalOyTHIM
MOKOJIiHHSIM CBIiTJIy MaM’sSITb PO BUAATHOI'O CHMHA PigHOI
Vkpainu! M

~

B.B. be3pykos, 0.J1. Cidenkoscokuli,
B.B. MakapeHs
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