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RESULTS OF MATHEMATICAL MODELING OF STRESSED-DEFORMED STATE
OF THE COMPONENTS OF AN ENDOPROSTHESIS WHEN EXECUTION OF
TOTAL KNEE REPLACEMENT

In the Laboratory of Biomechanics of the State Institution “ITO NAMS of Ukraine”,
computer simulations of strains were carried out using a regular nail of a total knee
endoprosthesis and a nail with a tibial extension. It was ascertained that the use of an extended
tibial nail reduces stress, deformations, and displacements in all elements of the model except
for tibial component of an endoprosthesis, where the stress increases on the contrary since
under these conditions the load is redistributed, in which it takes on additional stresses. These
results represent the basis for further biomechanical studies in conditions of tibial condylar
defects with a total knee replacement.
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TUYHUX TIEPEJIOMIB,

Mera - ouinutu 10-piyHmMii pu3HK
OCTEOTIOPOTUYHHX TEPEIOMIB y XBOpUX Ha
PEBMATOITHUN apTPUT 13 BHUKOPHCTAHHIM
anroputmy FRAX 3 ypaxyBaHHSM MMOKa3HUKA
TBS Ta 6e3 HboTO.

women, osteoporosis, osteoporotic fractures
risk, FRAX, bone mineral density, trabecular
bone score, TBS, fractures.

Objectives: To assess the 10-year
risk of osteoporotic fractures in patients with
rheumatoid arthritis based on the FRAX algo-
rithm with or without consideration of TBS.
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O0’ekT Ta MeTOAHM OCJiTKEHHS.
O6crtexeno 114 mamnientiB y Bini 40-70 po-
KiB, 3 HUX 77 xBopux Ha PA Ta 37 ocib KoHT-
POJIBHOI Tpynu 0e3 Oyab-IKUX PEBMAaTOJIOTI-
YHUX 3axBoproBaHb. I[lim dYac oOCTEeKEHHs
XBOpUX BUKOPHCTOBYBAJIM ONUTYBAaHHSA 3
BH3HAYEHHSIM (DAaKTOPIB PU3HKY OCTEOTIOPO3Y
a00 OCTEOIeHIl: TIepeHeceHl MepesioMH, Cy-
MyTHS TATOJIOTis, MPUHAOM JIIKAPCHKHUX 3aCO-
01B 3 OyIIb-KOTO TIPUBOY, Y TOMY uncii PA,
BIK HaCTaHHS MeHomnay3u. BumiproBanu iH-
JeKc Macu Tifa. ['pynu Oynu cTaHgapTH30Ba-
HI 3a BIkOM Ta iHgekcoM Mmacu Tima (IMT,
Kr/M?).

10-piuHuil pU3MK OCHOBHHMX OCTEOIIO-
poruuynux nepenomiB (FRAX-OnlIl) ta nepe-
aomiB crernoBoi kictku (FRAX-CK) anasi-
3yBaJId 3TiAHO OQiIIiHHOI YKpaiHChKO1 Bepcii
FRAX 3a momomororo OHIaiH-KaIbKyJISITOpa
3a mocwtanusam: https://www.sheffield.ac. uk/
FRAX/tool.aspx?country=66. [Toka3HuKH
FRAX 3 ypaxyBauusm TBS (FRAX-TBS-
Onll ta FRAX-TBS-CK) Bu3Hauaiii Takox
i3 BUKOpUCTaHHsA oO(iumiiHOrO  OHJIAMH-
KaJbKYJISITOpa 3a MOCHJIAHHSIM:
https://www.sheffield.ac.uk/TBS/Calculation
Tool.aspx.

IToxasnuku FRAX 6e3 Ta 3 ypaxyBaH-
HsaM TBS BuBYanM 3a1exHO Bia BiKy Ta (i3i-
OJIOT1YHMX TEPIOJiB, MOPIBHIOBAIM 3 BIJIIO-
BIIHUMHU TapaMeTpaMu KOHTPOJBbHOI TPYIIH.
BianosigHo dhopmyBasiM MiArpynu 3a BIKOM:
40-49 (n (OK-PA) = 26, n (OK-KTI') = 13), 50-
59 (n (K-PA) = 35, n (K-KT") = 10) Ta 60-70
pokie (n OK-PA) = 16, n OK-KT') = 14). I'py-
U 3aJIeKHO BiA (Di310JIOTIYHUX TEpiONiB. Y
pernpoaykruBHomy (JK-Penll; n (OK-PA) = 29,
n (OK-KI') = 11) ta mocTMeHomay3aJlbHOMY
(OK-TIMIT; n (K-PA) = 48, n (OK-KT') = 26).

[Toka3HuKM MiHEpaIbHOI MIUTBHOCTI
kictkoBoi Tkanuuu (MIIKT) Bu3Hauamu me-
TOJIOM JIBOXCHEPT€TUYHOI  PEHTTeHiBCHKOI
abcopOmiometpii Ha amapari HOLOGIC
Discovery (cepiitauii Ne 85811, 2011 p.)

The object and methods: The study
coveredl114 patients aged 40-70 years old, 77
of them with RA and 37 persons of the con-
trol group (CG) without rheumatologic dis-
eases. During the examination, we used a
survey to assess risk factors of osteoporosis
or osteopenia: fractures, comorbidity, intake
of medications, including those for RA treat-
ment, menopause age. Body mass index was
measured. The groups were standardized by
age and body mass index (BMI, kg/m2).

The 10-year risk of major osteoporotic
fractures (FRAX-MOF) and femoral fractures
(FRAX-FF) was analyzed according to the
official Ukrainian FRAX version. The online
tool § available at
https://www.sheffield.ac.uk/FRAX/tool.aspx?
country=66 was applied. The values of
FRAX with TBS (FRAX-TBS-MOF and
FRAX-TBS-FF) were established also with
an official online calculator, available at
https://www.sheffield.ac.uk/TBS/-Calculation
Tool.aspx.

FRAX parameters with and without
consideration of TBS were studied based on
age and physiological periods, compared to
the control group. Accordingly, subgroups of
age were as follows: 40-49 (n (F-RA) = 26, n
(F-CG) = 13), 50-59 (n (F-RA) = 35, n (F-
KG) = 10) and 60-70 years (n (F-RA) = 16, n
(F-CG) = 14). Subgroups based on physiolog-
ical periods were: reproductive (F-RepP; n
(F-RA) = 29, n (F-CG) = 11) and postmeno-
pausal (F-PMP; n (F-RA) = 48, n (F-CG) =
26).

Bone mineral density (BMDs) was
measured by dual-energy X-ray absorptiome-
try (DEXA) on HOLOGIC Discovery densi-
tometer (Serial No. 85811, 2011) on a lumbar
spine (L1-L4), femoral neck (F neck), fore-
arm (the middle third of a forearm (MTh of
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B rmomnepekoBoMy Bimmimi xpebra (L1-L4),
MPOKCUMAJILHOMY BIJUTiJIi CTETHOBOT KICTKH
(mmmiika crerroBoi kictku (IIICK), Bcst crer-
HoBa kicTka (BCK), kicrok nepemrutiuust (ce-
penns tpertuHa kictok nepeamtivus (CTKIT)
— ninstaka 33%, aucTanbHAa TpEeTHHA KiCTOK
nepeamtivus (ATKII), ynerpa mucranbHuii
Bigmin kicrok mepemmmyus (YBKII). s
OLIIHKK TIOKa3HHKIB AKOCTI (MiKpOapXiTeKTy-
pH) TpabekysapHoi KicTkoBoi Tkanuuu (TBS
— trabecular bone score) Ha meHcuTOMeTpH-
YHUX 300pakKEHHSIX IOMEPEKOBOTO BiIILTY
xpebta (L1-L4) BUKOpHCTOBYBaIM METOAUKY
«TBS Insight» (http://www.med-imaps.com)
st neacutomerpa HOLOGIC Discovery.

CTaTHUCTUYHUN aHaJi3 TPOBOIMIN 3
BUKOPHCTAHHAM MMaKeTiB mporpam «Statistica
6.0» Copyright© StatSoft, Inc. 1984-2001,
Serial number 31415926535897. [lns mepe-
BIPKH T1MOTE3 MPO PIBHICTh CEPEAHIX 3HAUCHB
3MIHHHUX BHKOPHCTOBYBAJIM HEMapaMeTpUyHI
KpHUTepil U1 He3aJde)KHUX BUOIpoK. Pesyrnb-
TaTU TpenacTaBieHi y Burisai M+SD. Jlns
OIIHKK 3B'S3KIB MiX 3MIHHUMH BHKOPHUCTO-
ByBaJli HEMapaMETPUUYHUMA  KOPEIAIHHUI
anamiz Cmipmena (R). Kputnunaum piBHEM
3Hauymocti BBakanm p<0,05.

PesyabTaTtH jgociaimxeHHs. Bimgmo-
BimHO 10 FRAX xBopi Ha PA mopiBHsSHO 3
KOHTPOJILHOIO TPYIOI0 MAalOTh BipoOTigHO Oi-
apmuit 10-piyHMil pU3UK PO3BUTKY SIK YCIX
OCHOBHHUX OCTCONIOPOTUYHHUX HepesoMiB (ki-
gxku.  9,1+54 vs 3,0+0,93%; 4osoBiKH:
3,8+0,9 vs 2,1+0,3%), Tax i mepeaoMiB cTer-
HOBOI KicTku (kinku: 2,0+2,7 vs 0,2+0,41%;
yososiku: 1,0+0,5 vs 0,3+0,2%). V xiHOK,
xBopux Ha PA, M0CTOBIpHO 30UTBIIYIOTHCS
noka3Huku 10-piyHOrO PU3HMKY HEepesnoMiB 3
BikoM (Big 7,7 10 11,9% nns ycix mepeiaomis
ta Bix 1,3 no 3,8% — crerHoBoi kicTku) Ta y
IIOCTMEHOMNay3JIbHOMY Tiepioi (BiINOBIIHO:
Big 6,5 10 10,7% Ta Bix 0,9 1o 2,7%).

[Toxa3HUK SKOCTI TPpaOEKyISIPHOI KIiCT-

forearm) — on 33% of the distal third of a
forearm (DTh of forearm), the ultra-distal
part of a forearm (UDP of forearm).

To evaluate the trabecular bone score
(TBS) based on lumbar spine images (L1-
L4), we applied “TBS Insight”
(http://t.wikipedia.org/wiki/Media_imaps)
(France) /www.med-imaps.com) for the HO-
LOGIC Discovery densitometer.

Statistical analysis was carried out on
Statistica 6.0 software package, Copyright ©
StatSoft, Inc. 1984-2001, Serial number
31415926535897. Nonparametric criteria for
independent samplings were to verify a hy-
pothesis on the equality of the mean values of
the variables. Results are represented as M +
SD. Spearman’s nonparametric correlation
analysis (R) was used to assess the correla-
tions of the variables. The critical level of
significance was taken as p <0.05.

Results: According to FRAX and
compared to the control group, RA patients
have higher 10-year risk of main osteoporotic
fractures (women: 9,1 £ 5.4 vs 3,0 = 0,93%;
men: 3,8 £ 0,9 vs 2,1 = 0,3%); as well as
femoral fractures (female: 2,0 £ 2,7 vs 0,2
0,41%; men: 1,0 £ 0,5 vs 0, 3 = 0,2%). In
women with RA, the 10-year risk of fractures
significantly grows with age (from 7.7 to
11.9% for MOF and from 1.3 to 3.8% for FF)
and in the postmenopausal period (from 6.5
to 10.7% for MOF and from 0.9 to 2.7% for
FF). The quality of trabecular bone tissue in
women with RA in their postmenopausal pe-
riod is significantly lower than in the repro-
ductive one. The use of FRAX to calculate
the 10-year risk of MOF and FF is clinically
meaningful while adding TBS does not affect
its forecasting value in the patients with
rheumatoid arthritis.
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KOBOi TKaHWHHM Y XIHOK, XBopux Ha PA, moc-
TOBIPHO MEHIIMH B MOCTMEHOMNAY3aJIbHOMY
nepiozi, MOPIBHAHO 3 PENPOAYKTUBHUM.. 3a-
cTocyBaHHs mokasHukiB FRAX 3 wmeroro
nporuo3yBanHs 10-piyHOTO PHU3HUKY OCHOB-
HUX OCTEOTNOPTUYHUX TIEPEIIOMIB Ta IEPesIo-
MIB CTETHOBOiI KICTKH, Ma€ KIIHIYHY 3HA4u-
MicTh, a npomaBanHs no FRAX moxasHuka
TBS He 3MiHIOE HOTO NPOTHOCTHYHY ITiH-
HICTh Y XBOPUX Ha PEBMATOIHUN apTPUT.

AxkryanbHicTb. Octeonopo3 (OIl) e
OJHUM 3 HaMOUIBII BITOMHUX YCKIAJHEHb Y
XBOpHX Ha peBmaroinuuii aptput (PA). PA —
XpOHIYHE 3aIajbHe 3aXBOPIOBAHHS, SIKE MPH-
3BOAMTH A0 30inbLIeHHS AU(DepeHLitoOBaHHS
OCTEOKJIACTIB Ta IHriOyBaHHS OCTEOTE€HE3Y
[0], a mikyBaHHS TIIFOKOKOPTHUKOIZaMHU OCH-
JII0€ AucOananc MiX MpoIecaMu YyTBOPEHHS 1
pyiinyBanHsi KicTkoBoi TkaHuHU [0]. ITomm-
peHICTh ocTeonopo3y y mamieHTiB 3 PA Ta
PU3UK PO3BUTKY HOTO YCKJIATHEHb — OCTEO-
MOPOTUYHUX TEPETIOMIB TUT XPEOIliB Ta MIUM-
KU CTETHOBOI KiCTKH, — OUIBII HIX Yy JBa pa3u
BUIlle, HDK B 3aranbHiil momyssnii [0], mio
CYNPOBOJUKYETBCS  IMIJBUIICHUM  PH3HKOM
cmeptrHOCTI [0]. ToMy, BaXKIIMBUM acCIIeKTOM €
paHHS OIIHKA PU3UKY OCTEOMOPOTHYHUX TIe-
penoMiB y marnienTiB 3 PA Ta cBoeyacHe 3a-
CTOCYBaHHS MPODUIAKTUYHUX U JIKYBaTbHUX
3aXO/IB.

3rinHo pexkomenpganiiit BOO3, y niar-
HOCTHIII  OCTEOINOPO3Y BHUKOPHUCTOBYIOTh
KpuTepii, OCHOBaHI Ha BHW3HA4YEHHI MiHEpa-
JBbHOI  INUIBHOCTI  KICTKOBOi  TKaHUHU
(MILKT), BuMmipsiHi METOAOM JIBOXCHEpre-
TUYHOI peHTreHiBchkoi aeHcutomerpii [0,
0]; y mporno3yBanui imMoBipHoro 10-
PIYHOTO PU3HKY OCTEOTIOPOTHYHHUX TEPEIo-
miB — iHcTpymeHT FRAX [0]. Anroputm
FRAX BpaxoBye pi3Hi (aKTOpu pPH3HKY
OCTEOTIOPOTUYHUX TIEPEIOMiB, BKIIOYAIOYH
KpaiHy, BIK, CTaTh, Macy TiJIa, 3piCT, MaJIIHHS,
MOTNIEPEeIHIN  TIepesioM, CIMEWHUN aHaMHe3
MEPeNIOMiB, JIIKYBaHHS TIFOKOKOPTHUKOIIAMH,
BkuBaHHS ajgkorosro ta MIIIKT.

Topicality. Osteoporosis (OP) is one of
the most known complications in patients
with rheumatoid arthritis (RA). RA is a
chronic inflammatory disease, leading to the
increased differentiation of osteoclasts andin-
hibition of osteogenesis [12]. Glucocorticoid
therapy increases the misbalance between the
processes of bone tissue formation and de-
struction [14]. The degree of incidence of
osteoporosis in the patients with RA and the
risk of complications thereof, namely osteo-
porotic vertebral and femoral fractures is
twice bigger compared to the whole popula-
tion [10] and is accompanied by higher mor-
tality rate [16]. So, early assessment of the
risk of osteoporotic fractures in those with
RA and timely preventive and therapeutic
measures are very important.

According to WHO recommendations,
criteria applied for diagnostics of osteoporo-
sis are based on determining bone tissue min-
eral density (BMD) measured by dual-energy
X-ray absorptiometry [11, 15]; FRAX is a
tool to forecast the 10-year risk of probable
osteoporotic fractures [17]. FRAX algorithm
weighs different risk factors of osteoporotic
fractures including nationality, age, sex, body
mass index, height, smoking, any previous
fractures, family anamnesis of fractures,
treatment with glucocorticoids, drinking al-
cohol and BMD. RA is the only disease (risk
factor of osteoporotic fractures) included in
the FRAX model. Nowadays, the FRAX al-
gorithm occupies a leading place for prognos-
tication of the risk of osteoporotic fractures
[1]. Since not all osteoporotic fractures could
be explained by low BMD, a new method has
been implemented into the clinical practice to
assess bone tissue state. It studies microarchi-
tecture of trabecular bone tissue to provide
information extra to BMD [4, 9].
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PA € enunum 3axBoproBaHHSM ((hakTOpom
PH3HMKY)  OCTECONMOPOTHYHUX  MEPEIIOMIB,
BriroueHnx no moxerni FRAX. Ha croromsi-
i neHs anroputM FRAX 3aiimae mpoBif-
HE MiCIle y MPOTHO3YBaHHI PU3HUKY OCTEOIO-
POTUYHUX TIEPENOMiB. 3Ba)kaloy Ha Te, IO
HE BCI OCTECONMOPOTHYHI TMEPEIIOMH MOTIH
OyTH TIOSICHEHI HU3BKUMH TTOKa3HUKAMH
MIIKT, 3 HemaBHbOrOo Yacy B KIIHIYHY
NPaKTUKY BBEJCHO HOBHI METOJI OI[IHKH CTa-
HY KICTKOBOI TKaHWHH, SIKWM BHU3HAYA€ MIK-
POApXITEKTypy  TpaOeKyaspHOI  KiCTKOBOi
TKaHWHM, 10 Hajae aomatkoBy ao MIIKT
inpopmariro [0, 0]. 3rigHo maHux mitepary-
pH, BBEICHHS I[LOTO MapamMeTpa — MOKa3HUKA
SKOCTI TpaOeKyIsIpHOi KICTKOBOi TKaHUHHU
(TBS) — mo3Boisie TONIMIIUTH YYTIHBICTH
FRAX y 3aranshiif koropti HaceneHus. On-
Hak, TBS mae it He3aneHUN BHECOK Y IPO-
THO3YBaHHI PU3UKY OCTEOMOPOTHYHUX TEpe-
aoMmiB. JloBelaeHO, IO HHU3BKHH ITOKAa3HHK
TBS L1-L4 € npenukTopoM BHHUKHECHHS
BepTeOpanbHuX Aedopmaliiii y MarieHTiB i3
PA [0, O].

O0’ekT Ta MeTOOAM HOCTIIKEHHS.
OO6ctexeHo 77 maimieHTOK, XBopuX Ha PA, Ta
37 oci6 xonTposbHOI rpynu Bikom 40-70 po-
KiB. Y Bcix xBopux naiarHo3 PA BcraHoBie-
HUW/MATBEPKEHUHN BiIMOBITHO 10 KpUTEPi-
iB ACR/EULAR, 2010. Jlo KOHTpOJBHOI
IpyNy BKJIIOYAIM TMALIEHTOK 0e3 Oyab-sKUX
PEBMATOJIOTIYHHUX 3aXBOPIOBaHb Ta 3 ypaxy-
BaHHSIM KPHUTEpiiB BiIOOPY OCHOBHOI IpYIIH.
ITig yac oOCTeXEeHHS XBOPHX BUKOPUCTOBY-
BaJIM 3araJIbHONIPUIHATI METOAM: ONHUTYBaH-
HSl, OTJISA, 3aralbHO-KIIHIYHE 1 OpTONeANYHE
0OCTEe)KEHHsI, aHKETyBaHHSA, (YHKI[IOHATbHE
TECTyBaHHS, JJa0OpaTOpHi 1 IHCTPYMEHTAIbHI
MeTonu nociimkeHHs. [Ipu 30opi aHamHe3y
Ta aHKETYBaHHI BU3HAYAJU HASIBHICTh (aKTO-
pIB PH3UKY PO3BHTKY OCTEOIIOPO3Yy Ta/abo
BTpaTH KICTKOBOI TKaHMHHU, KpiM PA, mepe-
HECEHHUX TEPEJIOMIB, CYMYTHBOI TMATOJIOTII,
npuiioMy JTIKapChKUX 3ac00iB 3 OYIb-KOTO
npuBoay, y ToMmy umcii PA, 3’scoByBanu Bik
MEHapXxe, XapaKTep HaCTaHHS MEHOIIAy3H.

According to the literature sources, the im-
plementation of this parameter — trabecular
bone scores (TBS) - improves the sensitivity
of FRAX to the population as a whole [2, 6,
8]. Although, TBS also makes its independent
contribution to the prediction of the risks of
osteoporotic fractures. It was approved, that
low TBS of L1-L4 is a predictor of the occur-
rence of vertebral deformities in patients with
RA[5, 7].

Object and methods of study. The
study involves 77 women with RA and 37
persons in the control group at the age of 40-
70 years old. In all the patients, the RA diag-
nosis has been established/approved accord-
ing to the ACR/EULAR criteria, 2010. The
control group included women without any
rheumatoid diseases, their age similar to the
same of the main group. To examine the pa-
tients, we applied generally accepted meth-
ods: survey, general clinic and orthopedic
checkup, questionnaires, functional studies,
laboratory screenings, and imaging. Collect-
ing the anamnesis and filling-in question-
naires, we considered the risk factors of oste-
oporosis and/or loss of bone tissue due to any
reasons except for RA, previous fractures,
concomitant pathologies, drug therapy of any
diseases, including RA, defined the age of
menarche, the manner of the start of meno-
pause. During the objective examination
aimed at differentiated diagnostics, we stud-
ied the peculiarities of orthopedic status, us-
ing standard methods. The anthropometric
assessment included body mass and height to
calculate the BMI. The groups were standard-
ized according to their age and body mass
index (BMI, kg/m2). The patients with RA,
compared to those from the control group,
had lower values of BMD, on the level of F -
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ITix yac 00’€KTUBHOIO OOCTEXKEHHS 3 METOIO
nudepeHITiiHOl TIarHOCTUKU BHUBYAJIU 0OCO0-
JMBOCTI OPTOTEJANIHOTO CTATyCy 3a CTaH/aap-
THUMH MeToaukamu. [lpu aHTpormomerpud-
HOMY OOCTEXEHHI BHMIPIOBAIM Macy Tija i
3piCT, Ha OCHOBI SIKUX BHPAXOBYBaJIM 1HIEKC
Mmacu Tina. ['pynu Oynu cTtaHmapTu3oBaHi 3a
BikOoM Ta iHmekcoM Macu Tima (IMT, kr/m?).
XBopi Ha PA mopiBasHo 3 KI' Manu Biporia-
Ho MeHmi mokazHuku MILIKT na piai ILICK
(Z=-3,9; p=0,0001) rta CTKII (Z=-2,6;
p=0,001), 1m0 y3romKyeThcsi 3 JaHUMH JIiTE-
paTtypu 1 HalIUMH TONEPEIHIMUA TOCIIIKEH-
HSIMH Ta HE MEPEIIKOPKAE MOJAIBIIOMY aHa-
nizy (tabm. 1).

neck (Z=-3.9; p=0.0001) and DTh of a fore-
arm (Z=-2.6; p=0.001). It complies with literature
sources and our previous studies and does not
prevent further analysis (Table 1).

Ta6muus 1. Kiiniko-aHaMHECTUYHA XapaKTepucTHKa rpym /
Table 1. Clinical anamnesis characteristics of the groups

[Mokazuuku/ I'pynu
Properties/Groups

XBopi Ha peBMaTOIIHUI apTpuT /
rheumatoid arthritis

KonrposasHa rpyma /
Control group

Kinekicts, N

BMD DTh of forearm

Number, n " 37
Bik, pokis / 53.148.0 54,6481
Age, years old
IMT, xr/m?/
+ +

BMI, kg/m? 27,1+4,5 28,1+4,9
MILIKT L1-L4 /

+ +
BMD L1-L4 0,946+0,141 0,980+0,153
MIIKT HICK /

+ * +
BMD F-neck 0,7340,114 0,829+0,106
MILKT CTKI1/ 0,605+0,118* 0,672+0,105

Tpusainicts PA, pp. /

+
Duration of RA, years 11,5+8,4
DAS28 4,7+1,3 _
CPIT, mr/n / -
+
CRP, mg/l 17,9+18,3

pumitkn: IMT — ingexe macu tina, CPII — C-peakTuBHAI NPOTEiH; * — TOCTOBIPHI BiAMiHHOCTI M)XK OCHOBHOIO

Ta KOHTPOJILHOKO IpymaMu BiamoBinHoi crari, p<0,05.

Notes: BMI — body mass index; CRP — C-reactive protein; * - significant difference between the persons from

the main and control groups of the respective sex
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Ocob6smBocti mokazHukiB 10-piuHoro
PU3UKY PO3BUTKY yCiX OCHOBHHX OCTEOIOPO-
tuunux nepenomiB (FRAX-Onll) ta neperno-
miB crerHoBoi kictku (FRAX-CK) ananizy-
BaJld 3TiHO OQIIIAHOT yKpaiHCBKOI Bepcii
FRAX 3a 101OMOTro0 OHJIaiH-KaJbKyIsITOpa
3a mocunanuam: https://www.sheffield.ac.uk
IFRAX/tool.aspx?country=66.  Iloka3Huku
FRAX 3 ypaxyBamnsm TBS (FRAX-TBS-
Onll ta FRAX-TBS-CK) Bu3Hauanu TakoX
13 BHUKOPUCTAHHS OQIIIHHOTO  OHJIAMH-
KaJBKYJISTOpa 3a mocuianHsM: https://www.
sheffield.ac.uk/TBS/CalculationTool.aspx.

[Moxasuuku FRAX 6e3 Ta 3 ypaxyBaH-
HaM TBS BuBuUanu 3anexHo BiJx BiKy Ta ¢izi-
OJIOTTYHHMX TIEPIOJIiB, MOPIBHIOBAIU 3 BIJIO-
BITHUMH TapaMeTpaMu KOHTPOJBHOI TPYIIH.
Binnosinno ¢opmyBanu miArpynu 3a BiKOM:
40-49 (n (OK-PA) = 26, n (OK-KTI') = 13), 50-
59 (n (OK-PA) = 35, n (K-KT") = 10) Ta 60-70
pokie (N OK-PA) = 16, n OK-KT') = 14). I'py-
MY 3aJeKHO BiJ (i310JIOTIYHUX TEPIOiB. Y
penpoaykruBHomy (JK-PenlI; n OK-PA) = 29,
n (OK-KI') = 11) ta mocTMeHoOmMay3aJibHOMY
(OK-TIMIT; n (OK-PA) =48, n (0K-KT') = 26).

[Toka3HUKN MiHEpaIbHOI MIITBHOCTI
(MIIKT) KicTKOBOI TKAaHMHU BHU3HAYaIH Me-
TOJOM JIBOXEHEPreTUYHOI PEHTTeHIBCHKOI
abcopoOrmiometpii Ha amapatri HOLOGIC
Discovery (cepitiauit Ne 85811, 2011 p.) Ha
piBHI monepekoBoro Biguiny xpeora (L1-L4),
MPOKCUMAJILHOTO BIJIUTY CTETHOBOI KICTKH
(mmmiika crerroBoi kictku (IIICK), Bcs crer-
HoBa kicTka (BCK), kictok nepearutiuust (ce-
penns tpetuHa kictok nepeamtiyus (CTKIT)
— ninstaka 33%, AucTanbHAa TpeTHHA KiCTOK
nepeamtivus (JATKII), ynbrpa aucraipHHi
Bigmin kicrok mepemmmivus (YBKII). s
OLIIHKM TIOKa3HUKIB SKOCTI (MIKpOapXiTeKTy-
pH) TpabekysapHol KicTkoBoi Tkanuuu (TBS
— trabecular bone score) Ha meHcuTOMETpH-
YHUX 300pakKEHHSIX IOMEPEKOBOTO BIIILTY
xpebra (L1-L4) BUKOpHMCTOBYBalld 3araTcH-
toBany y 2006 poui kommaniero «Med-
Imaps» (®panris) meroauky «TBS Insight»
(http://www.med-imaps.com), iHcTaIbOBaHy

Specific features of the values of 10-
years risk of the development of all the main
osteoporosis fractures (FRAX-MOF) and
femoral fractures (FRAX-FF) have been ana-
lyzed according to the official Ukrainian ver-
sion of FRAX, using online calculator, avail-
able on https://www.sheffield.ac.uk/FRAX/
tool.aspx?country=66. FRAX values consid-
ering TBS (FRAX-TBS-OpF ta FRAX-TBS-
FF) have also been calculated using an offi-

cial online calculator, available on
https://www.sheffield.ac.uk/TBS/Calculati
onTool.aspx.

The FRAX values with and without
the consideration of TBS have been studied
depending on the age and physiological peri-
ods and compared to the respective parame-
ters of the control group. Respectively, the
sub-groups have been created according to
the age: 40-49 (n (F-RA) = 26, n (F-CG) =
13), 50-59 (n (F-RA) = 35, n (F-KG) = 10)
and 60-70 years (n (F-RA) = 16, n (F-CG) =
14). Subgroups, separated based on physio-
logical periods were: reproductive (F-RepP; n
(F-RA) = 29, n (F-CG) = 11) and postmeno-
pausal (F-PMP; n (F-RA) = 48, n (F-CG) =
26).

The values of bone mineral density
(BMD) have been established using dual-
energy X-ray absorptiometry (DEXA) on
HOLOGIC Discovery densitometer (Serial
No. 85811, 2011) on the lumbar spine (L1-
L4), femoral neck (F neck), forearm (the
middle third of the forearm (MTh of forearm)
— the area of 33%, the distal third of the fore-
arm (DTh of forearm), the ultra-distal part of
the forearm (UDP of a forearm). To assess
the quality (microarchitecture) of trabecular
bone tissue (TBS — trabecular bone score) on
the lumbar spine images (L1-L4), we applied
the method, patented in 2006 by “Med-
Imaps” (France) called “TBS Insight”
(http://t.wikipedia.org/wiki/Media_imaps)
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HAa TMEPCOHATBHOMY KOMITIOTEpI TOTO XK
JBOXCHEPTETHYHOT'O PEHTTEHIBCHKOTO JICHCH-
tomerpa HOLOGIC Discovery.

CraTUCTUYHUN aHANI3 TPOBOAWIH 3
BHUKOPHCTAHHSIM MakKeTiB mporpam «Statistica
6.0» Copyright© StatSoft, Inc. 1984-2001,
Serial number 31415926535897. [lns mepe-
BIPKH T1MOTE3 MPO PIBHICTh CEPeAHIX 3HAUCHB
3MIHHUX BHKOPHCTOBYBQJIM HEMapaMeTpHuHI
KpuTepii I He3aJIe)KHUX BUOIPOK. Pesyrb-
TaTh mpencrtaBieHi y urisiai M=SD. [lns
OIIIHKU 3B'S3KiB MK 3MIHHHUMH BUKOPHCTO-
BYBAJIM HEMApaMETPUYHHA  KOPEISIIHHII
anami3z Cnipmena (R). Kputnunum piBHEM
3HAYYIIOCTI TPU MEPEBIPIi CTATUCTHYHUX
rinore3 BBakanu p<0,05.

PesyabTtat pocaimkenHsi. Cepen
narieHTok, xpopux Ha PA, 15,0% manu Hu-
3bKOEHEPTeTUYHI MEePEIOMH Pi3HOT JOKai3a-
ii, 13 Hux 8,9% manu nepudepuyi, 4,4% —
BepTeOpanbHi Ta 1,8% — mepenomu muiku
cTerHoBoi kicTku. Po3moain xBopux XK-Penll
ta XK-TIMII 3anexHO Bij HAasIBHOCTI Ta JIOKa-
Ji3arii MaJoTpaBMAaTHYHUX TEPEIOMIB TIPEI-
craBieHo Ha puc. 1. 3,54% mnamieHTOK Manu
OOTSDKEHUI aHaMHe3 IOJ0 TEepesIOMIB NN~
KM CTETHOBOI KICTKM y OaThbKa/maTepi, yci I
KIHKH OyJIM B OCTMEHONAy3aJIbHOMY Iepio-
ni. Cepen mMami€eHTOK KOHTPOJIBHOI TPy
oci0 3 TepeHeceHWMH IeperoMaMu Ta/abo
OOTSKEHHM MO0 HUX CIMEHHHM aHAMHE30M
He OyJ0.

Ha mnowarkoBoMy erami BHU3HAYalu
10-piuHuil pU3MK OCTEONOPOTHYHUX MEPE0-
MIB 3a JIOTIOMOTOI0 YKpaiHCBKOI MOJemi
FRAX i3 BHUKOpPHUCTaHHSIM IIOKa3HUKIB
MIUIKT [3]: FRAX-Onll — pusuk ycix ocre-
OMOPOTHYHHX TepeoMiB (CTETHOBOT, IIeYO-
BOI, IPOMEHEBOI KICTOK, KJIIHIYHO 3HAYYIIl
MEpEeIOMH Ti1 XpeOIliB) Ta MEpeaoMiB CTer-
noBoi kictkn (FRAX-CK) y xBopux Ha PA y
MOPIBHSIHHI 3 BIAMOBITHUMHU TMOKa3HUKAMU
KOHTpOJIBHOI TpynH. XBopi Ha PA mopiBHSHO
3 KI' mamu BiporigHo OiTbIII MOKAa3HUKU
FRAX-OnIT (9,1+£5,4 vs 3,0+0,93%; Z=8,1;
p<0,00001) Tta FRAX-CK (2,0£2,7 vs
0,2+0,41%; Z=6,3; p<0,00001).

(France) /www.med-imaps.com), installed
on a PC of the same dual-energy X-ray densi-
tometer HOLOGIC Discovery densitometer.

Statistical analysis was carried out on
Statistica 6.0 software package, Copyright ©
StatSoft, Inc. 1984-2001, Serial number
31415926535897. Nonparametric criteria for
independent samplings were used to verify
hypotheses on the equality of the mean values
of the variables. Results are represented as M
+ SD. Spearman’s nonparametric correlation
analysis (R) was used to assess the relation-
ships between the variables. The critical level
of significance was taken as p <0.05.

Results of the study: Among the fe-
male patients with RA, 15.0% had low-
energy fractures of different localization;
8.9% of them had peripheral, 4.4% - verte-
bral, and 1.8% - femoral neck fractures. Divi-
sion of the patients into W-RepP and F-PMP
depended on the existence and localization of
low-traumatic fractures, as shown in Fig.1.
3.54% of the patients had their anamnesis
burdened with femoral neck fractures of a
father/mother. All these women were in their
post-menopausal period. Among the female
patients of the control group, there were no
patients with previous fractures and/or burned
family anamnesis.

On an initial stage, we forecasted the
10-year risk of osteoporotic fractures, using a
Ukrainian model of FRAX based on the val-
ues of BMD [3]: FRAX-MOF - a risk of all
osteoporotic fractures (femoral, humeral, ra-
dial bones, clinically significant vertebral
fractures) and the femoral ones (FRAX-FF)
in the patients with RA compared to the same
values of the control group. The patients with
RA, compared to the CG, had reliably higher
scores of FRAX-MOF (9.1#54 s
3.0+0.93%; Z=8.1; p<0,00001) and FRAX-
FF (2027 wvs 0,2+0,41%; Z=6,3;
p<0,00001).
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Puc. 1. YacTku HU3bKOCHEPreTHYHMX NepesIoMiB Pi3HOI JIoKaJIi3anii y :KiHOK, XBOPHX HA
PEeBMAaTOIIHUIT APTPHUT, 3aJ1€KHO Bia (i3iooriuHux nepioain

Fig. 1. The share of low-energy fractures of different localization in women with
rheumatoid arthritis depending of physiological periods

VY xBopux Ha PA iHOK 3a pe3ynbra- In female patients with RA, dispersion
TaMU JIMCNIEPCIHHOrO aHanmisy BcTaHoBieHo analysis established a reliable increase both in
noctosipHe 30ibieHHs sk FRAX-Onll, tfak FRAX-MOF and FRAX-FF with age, and
it FRAX-CK, 3 BikoM Ta J10CTOBIpHO OibIli rglighly higher respective values compared to

BIJIMOB1/IHI TTOKa3HUKH TOPIBHSHO 3 KOHTPO- the control group (Fig.2)

JBHOIO TpyIoto (puc. 2).

. FRAX-OnM iy FRAX-CK 3,8+
x 11,9%# x
B S S
Bl 8,0%# 20,
RE 77 ' <5
< O ! o 1 8*#
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Z a Z o b
S 26 3,0* 3,3 gy
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40-49 50-59 60-70 BiK, poKku 40-49 50-59 60-70 BIiK, poKM

10-year risk of fractures, %
FRAX-MOF FRAX-CG
Red — F-RA
Green - F-FF

Puc. 2. Bikogi oco6uBocTi nokasHukiB 10-piuHoro pu3HKy ycix OCHOBHMX OCTEONMOPOTHYHHMX
nepesiomiB (FRAX-OnII) Ta nepenomiB mmiiku crernoBoi kictkn (FRAX-CK) y xBopux :kiHo4oi
cTaTi. TIpuMiTku: * — 10CTOBIpHI BiAMIHHOCTI B rpyNax MOpiBHAHO 3 BiANOBiAHOIO BikoBolo miarpymnoio 40-49 pp.; p<0,05;
# — OCTOBIPHI BIIMIHHOCTI y BIKOBUX MIATPYIaX HOPIBHIHO 3 BINTOBITHAM NOKa3HUKOM KOHTpoJbHOI rpyny; p<0,05

Fig. 2. Age-depending peculiarities of the 10-year risk of all main osteoporotic fractures (FRAX-

MOF) and femoral neck fractures (FRAX-FF) in female patients. Note: * - significant difference in age
group compared to the same of the control group; p<0.05
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Kpim Toro, xinku, xBopi Ha PA, nopi-
BHSIHO 3 KOHTPOJIbHOIO T'PYIOI0 MaJld Bipori-
nqao Ouremn  mokasHukn FRAX-Onll Ta
FRAX-CK sk B penpoiyKTUBHOMY, Tak W
MOCTMEHONay3aIbHOMY Tiepioaax (puc. 3).

Besides, compared to the control
group, the women with RA had significantly
higher values of FRAX-MOF and FRAX-FF
both in their reproductive and menopausal
periods (Fig.3).

FRAX-Onll FRAX-CK
15,0 3,0 2,7%#
< * <
E L 10,7*# E L
2 & 10,0 g & 20
Ot
£535 50 £310
25 2% 01 03
=l 0.0 EXK PA g = 0.0 ’ EXX_PA
, 3K _KI ' EK KT
K-Penll JK-IIMII K-Penll K-IIMII -
FRAX-MOF FRAX-CG
Red - F-RP
Green - F-PMP

Puc. 3. OcobauBocTti nokasuukiB 10-piuHOro pu3uKy ycix 0CHOBHMX OCTEONOPOTUYHHX
nepesomiB (FRAX-OnlII) Ta nepesiomiB mmiiku crerioBoi kictkn (FRAX-CK) y xBopux

“KIHOY 01 cTaTi 3aJ1e:kH0 Bia izionoriunnx nepioais.
IMpumitku: * — HOCTOBIpHI BiAMIHHOCTI B Tpynax MOPIBHSHO 3 BiMOBIJHAM MOKa3HHKOM B PEMPOLYKTHBHOMY Iepioi;
p<0,05; # — nocToBipHi BiIMIHHOCT] NOPiBHIHO 3 BiJIIOBIJHUMH ITOKa3HUKaMH KOHTPOJIbHOI rpyny; p<0,05

Fig.3. Peculiarities of the 10-year risk of all main osteoporotic fractures (FRAX-MOF)
and femoral neck fractures (FRAX-FF) in female patients depending on their physiolog-

ical periods.
Note: * - significant difference between the groups compared to the respective parameter in the reproductive period; # -

significant difference compared to the respective parameter of the control group; p<0.05

Ha mactynHomy erami BHBYaJIM OCOO-
JTUBOCTI Moka3Huka TBS y xBopux Ha peBma-
TOINHUH apTpUT. 3a pe3yiapTaTaMH TUCIIEp-
CIHHOTO aHaNi3y BU3HAYEHO, M0 MOKA3HHUK
TBS moctoBipHO MeHIMHA y TaiieHToK K-
[IMII nopiBasiHO 3 XK-Penll, sik B oCHOBHIH,
TaK 1 B KOHTPOJIbHIN rpymax. [Ipu mopiBHSIHHI
nmoka3HukiB TBS mix ocobamu 3 PA ta KI''y
BIJIMOBIAHKUX MiATPYyMax 3aliexkHO Bix ¢izio-
JIOT1YHOTO Tepioy, HE BUZHAYEHO BipOTiIHOL
piznuii, okpim TBS Z-score y XK-IIMII, sikuit
BUSIBUBCS BIPOTITHO MEHIIMM y XBOPHUX Ha

PA (tabu. 2).

On the next stage, we studied the pe-
culiarities of TBS in patients with rheumatoid
arthritis. By the results of dispersing analysis,
it has been discovered that the value of TBS
is reliably lower in patients F-PMP compared
to F-RepP both in study and control groups.
The comparison of TBS values in the RA and
the control group in the respective physiolog-
ical period subgroups showed no significant
difference, except for TBS Z-score in F-PMP,
significantly lower in the patients with RA
(Table 2).
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Tabmums 2. [Toka3HUK SKOCTI TpaOEKYISIPHOI KICTKOBOI TKAHMHHM B MAIIEHTOK 3aJIEKHO Bij

(b1310JI0TTYHHUX TIEP10IIB

Table 2. Trabecular bone scores depending on physiological periods

X . . .
BOpt Ha p eBM%;{T:mHHH aprpu / Konrpoasna rpyma / Control group
XK-Penll / K-TIMIT /
F-RepP E-PMP K-Penll AK-TIIMIT
Kinbkicts /
number, n 36 19 8 9
TBS 1,474+0,095* | 1,279$0,102% | 1,484%0,117* | 1,35640,067*
TBST-score | 0,069+0,971 | -2,068+1,042 | 001241196 | -1,280+0,680
TBS Z-score 0,494+0,913 | -0,353+1,043* | 0,425+1,363 0,400+0,453
Tpumitkn: # — BiporiHi BiAMIHHOCTI B Ipymax 3anekHo Bin Qizionorianmx mepioxis, p<0,05; * — Biporigai BigMiHHOCTI

HOPIBHSHO 3 BiANOBIAHOK KOHTpOIBHOIO rpymoto, p<0,05 / Note: # - significant difference between the groups depending on

physiological periods, p<0.05

3 METOI BHBUYEHHS YacTOTH IMOpY-
IICHHS MIKPOApPXITeKTOHIKA KICTKOBOi TKa-
HUHU TAIlI€EHTOK y TOCTMEHOMAay31 pOo3IMojli-
JIWJIM Ha TPYIHU 3TIHO Kinacudikarii, mo 3a-
CTOCOBYETHCS Ha CHOTOJIHINIHIA JACHBb TITBKH
3 JOCTIHUIIBKOIO METOI0 Ta HE MOXe OyTu
mifcTaBoto it JikyBaHHs: 1BS <1,2 — mo-
pylieHa Mikpoapxitekronika, TBS Big >1,2
1o <1,35 — 4acTKOBO HOpYIIEHA MiKpoapXi-
TekToHika 1 TBS >1,35 — HopmanbHa Mikpoa-
pxiTekToHika KicTkoBOi TKanuuu [0]. Busna-
4YeHO, IO cepeJI KIHOK, XBopuX Ha PA, mopi-
BHssHO 3 KI' gocroBipHO MeHmie ocid, 1o
MalTh  HOPMJIbHY  MIKpOApXITEKTOHIKY
(TBS> 1,35) Ta Ginbiie ocid, 10 MarTh Jie-
rpanoBany (TBS< 1,2) (puc. 4).

To study the frequency of the impair-
ments of the bone tissue microarchitectonic,
the patients in post-menopausal period have
been subdivided according to a classification,
currently used exclusively for study purposes
and a ground for therapy: TBS <1.2 — im-
paired microarchitectonic, TBS from >1.2 to
<1.35 - partially impaired microarchitectonic,
and TBS >1.35 — normal bone tissue architec-
tonics [13]. It has been established that com-
pared to the control group, among the women
suffering from RA there are significantly
fewer persons with normal microarchitectonic
(TBS> 1.35) and much more with the im-
paired one (TBS< 1.2) (Fig. 4).
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Puc. 4. YacTka nopyuieHb MiKpoapXiTeKTOHiKM KiCTKOBOI TKAHMHM BiANOBiAHO 10 MO-

ka3Huka TBS B nmamieHTOK B mocTMeHONAay3aJIbHOMY Hepioi.
IMpumitka. * — BipoTinHi BIIMIHHOCTI HOPIBHSHO 3 KOHTPOJIBLHOIO Tpymoo, p<0,05

Fig. 4. The share of impairments of bone microarchitectonics according to TBS in post-

menopausal period.

Note. * - significant differences compared to the control group

Ha nacrynHomy ertami nokazHuk TBS
xBopux Ha PA xiHodoi crati crapmmx 40
pokiB Oyino momaHo no anroputmy FRAX Ta
MPOAHATI30BAaHO OJIEpXKaHI pe3ynbTaTH 3a
nokazHukamu FRAX-TBS-Onll ta FRAX-
TBS-CK. BcranoneHo, 1o micis nepepaxy-
HKy 10-piyHOro pH3HKY K YCiX OCHOBHHX
OCTEOTNIOPOTUYHHX TEePEIOMiB, TaK U meperno-
MiB CTETHOBOi KICTKH, Y >KIHOK XBOpHUX Ha
PA, 3anexno Bix Biky (puc. 5 A) Ta disiono-
riuaux nepiogis (puc. 5 B), BianmoBiaHi moka-
3aukn FRAX-TBS-Onll ta FRAX-TBS-CK
BIPOT1IHO HE 3MIHIOBAIIUCH.

On the next step, the values of the TBS
of female RA patients over 40 years old were
added to the FRAX algorithm. The results
obtained were analyzed by FRAX-TBS-MOF
and FRAX-TBS-FF. It was discovered that
after the re-calculation of 10-year risk accord-
ing to both all main osteoporotic fractures
and femoral fractures in female RA patients
depending on their age (Fig.5A) and physio-
logical periods (Fig.5B), the respective values
of FRAX-TBS-MOF and FRAX-TBS-FF
showed no significant changes.



N
(ﬂ?j THE PROBLEMS OF TRAUMATOLOGY AND OSTEOSYNTHESIS Ne 4 (18) 2019 35

YCi OCTEONOPOTUYHI Nepenommn CTErHOBOI KiCTKU
14,0 ne 4,0 38356
0 penomu, . 12,6 E3 ’
& 11,2 35 &
[an] ™~ L=
1202 :
o 3,0
10,0 § 8,9 9.2 )
g 7,7 253
N >
< 6,1 205 1,8
m
6,0 é 1,5 g_ 113 1,3
= EhN
403 10 I 0,8
0o O FRAX- . [ FRAX-CK
S onn Vo
— —
0,0 0,0

A 40-49 50-59 60-70 BiK, pokn 40-49 50-59 60-70 BIiK, poku
YCi OCTeONOPOTUYHI Nepenommn CTErHOBOI KiCTKU
oi 12,0 10,7 10,9 Z 25 2.4
g =
5 10,0 S L0
2 80 )
2 . 6,5 6,5 E 15
2 2 0.9
= 40 s 0 0.8
g_ 20 ; 0,5
= @ FRAX-OnM = DFRAX-CK
= 00 0,0
W-Penl K-NMM B FRAX-TBS-Onn W-Pen MM B FRAX-TBS-CK
b
10-years risk of fractures, % Femoral fractures
Fig.5A. Blue - FRAX-FF
Main osteoporotic fractures Red — FRAX-TBS-FF
Blue - FRAX-MOF
Red — FRAX-TBS-MOF
10-years risk of fractures, % F-RepP F-PMP
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Puc. 5. OcobuBocTti noka3HukiB 10-piyHOro pU3MKy 0CTEONOPOTHYHHUX NepeIoMiB Y
XBOPHX KiHOYOI cTaTi 3aj1eKHO Bi Biky (A) Ta ¢isiosoriunux nepioxis (b)

Fig. 5. Peculiarities of the values of 10-year risk of osteoporotic fractures in the female
patients depending on their age (A) and physiological periods (B)
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MoyHa TPUIYCTHTH, IO OJEpKaHi
pe3yabTaTi MOXYTh OYTH TOB'si3aHi 3 0C0O0-
nuBocTsIMH Tiepebiry PA Ta 3acTtocyBaHHAM
Jikapchkux 3aco0iB. ToMy, Hagaini mposese-
HO aHaji3 3B’sI3KiB MiX mokazHukamu FRAX
Ta KJIIHIYHUMHU mapaMmeTpamu rnepediry PA.
BcraHoBieHO, M0 €IUHUM  MApaMETPOM,
SIKAUWA JTOCTOBIPHO HETAaTHMBHO KOPEIIOE 3 YCi-
Ma nokaznukamu FRAX, y Tomy uucni 3 ypa-
xyBaHHsM TBS, € moka3HUK KOTPUTAIBHO-
TpaOEeKyISIPHOTO CIIBBIAHOIIEHHS, 1[0 MOXeE
OyTHM BHUKOPUCTAHO Y KIIIHIYHIA TNPaKTHIIL.
Tpusanicts PA BiporiZIHO O3UTHBHO aCOIli-
10€ThCs TUTbKH 3 TokasHukamu FRAX-Onll
ta FRAX-CK (6€e3 ypaxyBauus TBS). 3 mumu
K IIOKa3HWKamu, Ta nomarkoBo 3 FRAX-
TBS-Onll, moctoBipHO KOpemwTh Ro-
cragis ¥ TpuBainicth npuiiomy 'K y mo3i >5
mr/a. A mokazauk FRAX-TBS-CK noctoBip-
HO  TOB'I3aHUM, KpIM  KOTPUTAIBHO-
TpaOEeKyISAPHOTO CITIBBITHOLICHHS, TUIBKU 3
aKTHBHICTIO 3axBoproBaHHs 3a DAS28 (Tabi.

3).

It could be supposed that the results
might be connected with the peculiarities of
the RA progression and the respective drugs.
Thus, later we have analyzed relations be-
tween FLAX values and clinical parameters
of RA progression. It was discovered that the
only parameter having a significant negative
correlation with FRAX values, including the
consideration of TBS, is the value of cotrital-
trabecular interrelation suitable for use in
clinical practice. The duration of RA has a
significantly positive association only with
the values of FRAX-MOF and FRAX FF
(without consideration of TBS). Ro-stage and
duration of administration of glucocorticoids,
dose >5 mg/day correlate reliably with the
same values. The values of FRAX-TBS-FF,
except for cotrital-trabecular interrelation, are
reliably connected only with the activity of
the disease according to DAS28 (Table 3).

Tabmuus 3. Kopensmiiini 3B’a3ku Mk nmokasHukamu FRAX Ta KIIHIYHUMH MapaMeTpamu
nepediry peBMaToiTHOr0 apTPUTY Yy XBOPHX KiHOUOi cTtaTi (R)
Table 3. Correlations between FRAX values and clinical parameters of rheumatoid arthritis

progression in female patients (R)

FRAX-OuIl /| FRAX-CK/ FRAX-TBS-Onll/ | FRAX-TBS-CK/
FRAX-MOF FRAX-FF FRAX-TBS-MOF FRAX-TBS-FF
Tpusamicts PA /
Duration of RA 0,32 0,29 0.10 0.17
Ro-cragis / 0,40 0,32 0,38 0,22
Ro-stage
KTC /CTI -0,39 -0,38 -0,40 -0,41
DAS?28 -0,19 -0,21 -0,28 -0,35
TpI'K >5 mr/n /
GC therapy 0,43 0,30 0,41 0,31
>5mg/day

IMpumitku: Ro-crazis — penrrenosnoriyna cranis PA; KTC — koprukansHO-TpabekyispHe criBBigHoiieHns; DAS28 — akru-
BHiCTH 3axBoproBanHs 3a DAS28; TpI'’K >5 mr/n — TpuBamicTs npuiioMy TIIFOKOKOPTHKOIAIB y 1031 >5 MI/I; HOCTOBipHI
3B’sI3KM BHALIeH] kupHUM KypcuBoM, p<0,05 / Notes: Ro-stage — X-ray stage of RA; CTI - cotrital-trabecular interrelation;
DAS28 — the disease activity according to DAS28; GC therapy — duration of the administration of glucocorticoids, dose >5
mg/day; significant relations are provided in bold italic.
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Bucnosku. Bigmosimno mo FRAX
XBOpi Ha PA MOpiBHSIHO 3 KOHTPOJIBHOIO TPY-
MO0 MaloTh BiporigHo Oinbimid 10-piuanii
PHU3HK PO3BUTKY SIK YCiX OCHOBHHUX OCTEOIO-
poruunux mnepenomiB (kinku: 9,1+54 Vs
3,0£0,93%; yomogiku: 3,8+0,9 vs 2,1+0,3%),
TaKk W MEpPeaOMiB CTErHOBOI KICTKH (KIHKH:
2,0+£2,7 vs 0,2+0,41%; yonosiku: 1,0+0,5 vs
0,3+0,2%). V xinok, xBopux Ha PA, mocro-
BIpHO 30UTBIIYIOTHCS TTOKa3HUKH 10-pigHOTO
pH3HKY niepenioMiB 3 BikoMm (Bix 7,7 mo 11,9%
st yeix mepenomiB Ta Bin 1,3 mo 3,8% -
CTETHOBOI KICTKH) Ta y MOCTMEHOIAay3aIbHO-
my niepiozi (Biamosinuo: Bix 6,5 mo 10,7% Ta
Big 0,9 1m0 2,7%). [Toka3HUK SKOCTI TpaOeKy-
JSIPHOT KICTKOBOI TKAaHWHU Y KIHOK, XBOPUX
Ha PA, 10CTOBIpHO MEHIIINI B TOCTMEHOTIAY-
3aJIbHOMY TIE€pi0/ii TOPIBHSIHO 3 BiATOBIIHUM
B PENpOAYyKTHUBHOMY. 3aCTOCYBaHHS TOKa3-
HuKiB FRAX 3 meroto mporHosyBanHs 10-
pPIYHOTO PU3UKY OCHOBHUX OCTEOMOPTUYHHUX
MEpeTIOMiB Ta TIEPEJIOMIB CTETHOBOI KiCTKH,
Ma€e KJIIHIYHY 3Ha4YyIIiCTh, a JOJABaHHS 0
FRAX moka3nuka TBS He 3MiHIO€ i0oT0 TIpo-
THOCTHUYHY IIHHICTh Y XBOPUX Ha peBMATOiI-
HUM apTpUT.
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OLIEHKA PUCKA OCTEOIIOPOTHYECKHUX NEPEJIOMOB
Y BOJIBHBIX PEBMATOUJHBIM APTPUTOM HA
OCHOBAHMH IMTOKA3ATEJIEM FRAX 1 TBS

Heanb - onennts 10-neTHUI PUCK OCTEOTIOPOTHUECKUX MEPETIOMOB Y OOJBHBIX peBMa-
TOMTHBIM apTPUTOM C UCHOIb30BaHueM anroputma FRAX 6e3 u ¢ yuerom nokazatens TBS.
O0bekT U MeToabl UcciaenoBanus. O6cnenoBano 114 nanuentos B Bo3pacte 40-70 nert, u3
HUX 77 GonbHBIX PA 1 37 4enoBek KOHTPOJILHOUN Tpynmbl 0€3 KaKuX-Tu00 peBMaTojoruye-
ckux 3aboneBanuii. [Ipu oOcrmemoBaHUM OOJBHBIX HCIIONB30BAM OMPOC C OMpPEICICHUEM
(akTOpOB pHUCKa OCTEONOPO3a UM OCTEONEHUU: TIEPEHECEHHBIE MEPEIOMbI, COMYTCTBYIOMIAS
MATOJIOT s, TIPUEM KaKUX-JIMOO JIeKapCTBEHHBIX CPE/ICTB, B TOM 4ucie B cBsi3u ¢ PA, Bo3pact
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HACTYIUICHUsI MeHoIay3bl. M3mMepsics nuaekc Maccel Tena. ['pymisl ObUIM CTaHIapTU3HPOBa-
HBI 10 BO3pacTy u uuaekcy maccel Tena (MMT, kr / m2).

10-neTHUI pUCK Pa3BUTHS BCEX OCHOBHBIX OCTEOMOpOTHYECKHX mepesomMoB (FRAX-
Onll) u nepenomoB 6eapennoi koctu (FRAX-BK) ananu3upoBaim COOTBETCTBEHHO O(HIIN-
anbHOM ykpamHckoil Bepcunm FRAX ¢ mnoMompio OHIAMH-KaIbKYJIATOpPAa IO CCBUIKE:
https://www.sheffield.ac.uk/FRAX/tool.aspx?country=66. Ilokazatenu FRAX ¢ mompaBkoii
TBS (FRAX-TBS-Onll u FRAX-TBS-BK) omnpenensiin Takke ¢ HCIOIB30BaHHEM OQHUIH-
QIIHOTO OHJIaH-KaJIBKYIISTOPa o CCBIIKE! https://www.sheffield.ac.uk/TBS/
CalculationTool.aspx.

[Toxazatenu FRAX 6e3 u ¢ yuetom TBS onpenensiii B 3aBUCUMOCTH OT BO3pacTa W
(U3NOIIOTHYECKUX TIEPUOJIOB, CPABHUBAIHM C COOTBETCTBYIOUIMMH MapaMeTpaMu KOHTPOJIb-
Hoi rpymmsl. COOTBETCTBEHHO (hopMupoBanu moarpymmsl mo Bospacty: 40-49 (n OK-PA) =
26, n (OK-KT') = 13), 50-59 (n (K-PA) = 35, n OK-KTI') = 10) u 60-70 ner (n (OK-PA) = 16, n
(OK-KT') = 14). I'pynmbl, B 3aBUCUMOCTH OT (PU3UOJOTHUECKUX MTEPHOOB. B PEIPOTYKTHBHOM
(OK-PenII; n OK-PA) = 29, n OK-KI') = 11) u nmocrmenomnay3ansaom (K-IIMII; n (OK-PA) =
48, n (OK-KT') = 26).

[Toka3zarean MHHEpaAILHOU MIOTHOCTH KocTHOM TKanu (MITKT) onpenensim MeTomoM
JIBYXOHEPreTHYCCKOW PEHTreHOBCKOM abcopbimomerpun Ha ammapare HOLOGIC Discovery
(cepuiinbiii Ne 85811, 2011 r.) B nosicauuHOM oTjeie no3BoHounuka (L1-L4), mpokcumalis-
HOM otaene Oexpennoit koctu (meiika Geapennoit koctu (IIIBK), Bes GempenHast KOCTh
(BBK)), kocteii npeamneuss (cpeanss tpeth kocreii npemmiedbs (CTKII) — yuactox 33%,
nucTanbHas Tpeth Kocteil npearuiedbs (ATKII), ynpTpanucranbHeiii oTaen KOCTEH npearuie-
ubst (YJIOKII)). s oueHKH mokaszaresiei KadecTBa (MUKPOAPXUTEKTYPH) TpaOeKyIIpHOR
koctHo# Tkanu (TBS — trabecular bone score) Ha u300paXeHUSX MOSICHUYHOTO OT/IENA TO-
3BoHouHuka (L1-L4) ucnonb3oBanu meroauky «TBS Insight» (http://www.med-imaps.com)
st neacutomerpa HOLOGIC Discovery.

CTaTUCTUYECKHII aHaIu3 TPOBOAWIM C HWCIOJIB30BAHUEM IMAKETOB MPOTPAMM
«Statistica 6.0» Copyright© StatSoft, Inc. 1984-2001, Serial number 31415926535897. s
NEpPEeBEpKU TUIIOTE3 MPO PABHOCTh CPEIHUX 3HAYEHHUI MEPEeMEHHBIX HCMOIb30BAIM Hemapa-
METPUYECKUE KPUTEPUU I HE3aBUCHUMBIX BBHIOOPOK. Pe3ynbTaThl mpencTaBiieHbl B BHJIE
M=SD. [Ins olleHKH CBs3eH MEXAy EPEMEHHBIMH HCIOJb30BAIM HETapaMeTPUIECKU KOop-
pensiuonHbiid ananu3 Crnupmena (R). Kpurtndeckum ypoBHeM 3HaunmocTu cuutaiu p<0,05.

Pe3yabTaThl ucciaenoBanus. B coorBerctBuu ¢ FRAX GonbHble PA B cpaBHeHUH C
KOHTPOJIBHOW TPYIIONH UMEIOT BEPOATHO Oombimii 10-1eTHU# prck pa3BUTHs KaK OCHOBHBIX
ocreonoporndyeckux nepesomoB (kenmmubl: 9,154 vs 3,0£0,93%; myxuunst: 3,8+0,9 vs
2,1+0,3%), Tak u nepeaomoB Oeapernoi koctu (kermuusl: 2,0+2,7 vs 0,2+0,41%; My KYHHBI:
1,0£0,5 vs 0,3£0,2%). ¥V sxenmuH, 00JbHBIX PA, TOCTOBEPHO YBEIMUYHBAIOTCS IMOKA3aTEIIH
10-neTHero prcka nepeaoMoB ¢ BozpactoM (ot 7,7 go 11,9% mnst Bcex nepenomoB u ot 1,3 1o
3,8% — GenpeHHOM KOCTH) M B IMOCTMEHOIAY3aIbHOM Ieproae (COOTBETCTBEHHO: OT 6,5 110
10,7% wu ot 0,9 mo 2,7%). KauecTBo TpaOeKyJsipHOI KOCTHOW TKAaHU Yy JKCHIIMH, OOJIbHBIX
PA, nocTtoBepHO MEHBIIE B MOCTMEHOIAY3aThHOM MEPHOAC, B CPABHCHHH C PETPOTyKTHB-
HbIM. Mcmons3oBanne mokazareneir FRAX ¢ mensio mpornosupoBanus 10-ieTHero pucka
OCHOBHBIX OCTEOMOPTHYECKUX TEPETIOMOB U TEPEIOMOB OCIPEHHON KOCTH, UMEET KIMHUYE-
CKYIO0 3HAUMMOCTh, a AobaBineHue k FRAX moxkazatens TBS He u3MeHsieT ero nporuoctude-
CKYIO IIEHHOCTb y OOJIbHBIX PEBMATOUIHBIM apTPUTOM.
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ASSESSMENT OF OSTEOPOROTIC FRACTURES RISK IN RHEUMATOID
ARTHRITIS PATIENTS BASED ON FRAX AND TBS INDICATORS

Objectives: To assess the 10-year risk of osteoporotic fractures in women with rheu-
matoid arthritis based on FRAX algorithm with or without TBS.

The object and methods: The study involved 114 patients aged 40-70 years, 77 of
them with RA, and 37 of the control group (CG) without any rheumatological diseases. Ex-
aminations of the patients included assessment of osteoporosis or osteopenia risk factors: frac-
tures, comorbidity, taking any medications, including for RA treatment, menopause age. Body
mass index was calculated. Groups were standardized by age and body mass index (BMI,
kg/m2).

The 10-year risk of major osteoporotic fractures (FRAX-MOF), and femoral fractures
(FRAX-FF) were analyzed according to the official Ukrainian FRAX version. For the re-
search, we applied an online calculating tool available at https://www.sheffield.ac.uk
[FRAX/tool.aspx?country=66. FRAX with TBS (FRAX-TBS-MOF and FRAX-TBS-FF)
wand an online calculator at https://www.sheffield.ac.uk/TBS/CalculationTool.aspx.

FRAX parameters with and without TBS were determined based on age and physiolog-
ical periods, compared to the control group. Accordingly, subgroups of age were: 40-49 (n (F-
RA) = 26, n (F-CG) = 13), 50-59 (n (F-RA) = 35, n (F-KG) = 10) and 60-70 years (n (F-RA)
=16, n (F-CG) = 14). Subgroups of physiological periods: reproductive (F-RepP; n (F-RA) =
29, n (F-CG) = 11) and postmenopausal (F-PMP; n (F-RA) = 48, n (F-CG) = 26).

Bone mineral density (BMDs) was measured by dual-energy X-ray absorptiometry
(DEXA) on HOLOGIC Discovery densitometer (Serial No. 85811, 2011) on the lumbar spine
(L1-L4), femoral neck (F neck), forearm (the middle third of a forearm (MTh of a forearm) is
33%, the distal third of a forearm (DTh of forearm), the ultra-distal part of a forearm (UDP of
forearm)). To assess the trabecular bone score (TBS) on images of a spine (L1-L4), we used
TBS Insight (http://t.wikipedia.org/wiki/Media_imaps) (France) /www.med-imaps.com) for
the HOLOGIC Discovery densitometer.

Statistical analysis was conducted on Statistica 6.0 software. Copyright © StatSoft, Inc.
1984-2001, Serial number 31415926535897. We used nonparametric criteria for independent
samples to verify the hypotheses on the equality of the mean values of the variables. Results
are represented as M + SD. Spearman’s nonparametric correlation analysis (R) was used to
assess the correlations between the variables. The critical level of significance was p <0.05.

Results: According to FRAX, the group RA patients have a greater 10-year risk of
MOF (women: 9.1 + 5.4 vs 3.0 £ 0.93%; men: 3.8 + 0,9 vs 2,1 + 0,3%), as well as FF (fe-
male: 2,0 £ 2,7 vs 0,2 £ 0,41%; men: 1,0 £ 0,5 vs 0, 3 £ 0.2%), compared to the control
group. In women with RA, the 10-year risk of fracture increases significantly with age (from
7.7 t0 11.9% for MOF and from 1.3 to 3.8% for FF) and in the postmenopausal period (from
6.5 to 10.7% for MOF and from 0.9 to 2.7% for FF). The quality of trabecular bone tissue in
women with RA in the postmenopausal period is significantly lower than in the reproductive
one. The use of FRAX to estimate 10-year risks of MOF and FF is clinically valuable while
adding TBS to FRAX does not affect its sensitivity for patients with rheumatoid arthritis.



