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Abstract. Osteoporosis and sarcopenia are the most frequent musculoskeletal disorders affecting older people.
Fracture incidence as well as the number of fractures increase due to the population’s ageing. Recent studies show
that a low skeletal muscle mass is associated with the poor structural bone parameters and impaired balance in the
elderly people. The aim of this study is to evaluate the bone mineral density (BMD), trabecular bone score (TBS) and
body composition in women taking into account the presence of vertebral fragility fractures (VFF). We've examined
171 women aged 65-89 years (mean age — 73.12 £ 0.39 years). The patients were divided into the groups depen-
ding on VFF presence: A— no VFF (n = 105), B— detected VFF (n = 66). Total body, lumbar spine, femoral neck, fore-
arm BMD, lateral vertebral assessment, lean and fat mass measurement were performed on densitometer (Prodigy,
GE). Appendicular lean mass (ALM) was measured at all the four limbs with dual energy X-ray absorptiometry (DXA).
We've also calculated the appendicular lean mass index (ALMI) according to the equation: ALMI = ALM, kg / height,
m? (kg/m?). TBS (L1-L4) was assessed by TBS iNsight” software package installed on our DXA machine (Med-Imaps,
Pessac, France). Statistica® 6.0 StatSoft, Inc. was used for data processing purposes. Significance was set at p < 0.05.
We have found the following parameters to be significantly lower in women with VFF compared to women having
no VFF: BMD of total body, spine, femoral neck, 33% forearm, TBS, whole-body fat mass, whole-body lean mass,
ASM and ASMI (p < 0.05). The frequency of presarcopenia was significantly higher in women with osteoporosis
(21.2 %) and osteopenia (21.5 %) compared to women who had normal BMD (6.7 %). The frequency of presarcope-
nia was 2 % in women with no VFF and 14 % — in women with VFF. Thus, women with VFF have significantly lower
BMD, TBS, lean and fat masses data as compared to women with no VFF.
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Introduction

Osteoporosis and sarcopenia are the most frequent mus-
culoskeletal disorders affecting older people [1, 2, 9, 12,
15]. Today, many studies of skeletal muscle mass and bone
mineral density have been performed, and they found that
low muscle mass is correlated with low bone mineral density
[3, 10, 11]. Appendicular lean mass index, which has been

used for definition of sarcopenia, has been proposed to be
positively related to bone mineral density [12, 14].

There are several factors that significantly contribute to
the interaction between osteoporosis and sarcopenia. In
muscle and bone interact mechanically and functionally.
It has been suggested that bone mass changes are medi-
ated through interaction with muscle strain via the osteo-
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cytes sensory function. The mechanostat theory has also
emphasized the important role of estrogen in controlling
the muscle-bone interaction which makes postmenopausal
women an special target of interest. Genetic, endocrine,
nutritional, social and other age-related factors influence
both muscle and bone at the same time [1, 2, 7-9, 13].
However, the mechanisms related to both muscle and bone
still remain unclear, although interest in muscle/bone in-
teractions has been increasing.

Recent studies show that a low skeletal muscle mass is
associated with the poor structural bone parameters and im-
paired balance of the elderly people. Some studies shown
that sarcopenia is common among osteoporotic women
increasing along with the number of vertebral fragility frac-
tures [5, 12]. The prevalence of presarcopenia and sarcope-
nia was high in hip-fracture persons [3, 4, 6].

The purpose of this study is to evaluate the bone mine-
ral density (BMD), trabecular bone score (TBS) and body
composition in women taking into account the presence of
vertebral fragility fractures (VFF).

Materials and methods

We’ve examined 171 women aged 65-89 years (mean
age — 73.12 = 0.39 years; mean height — 1.580 + 0.004 m;
mean weight — 72.54 £ 0.99 kg). The patients were divided

into the groups depending on the VFF presence: A — no
VFF (n=105; mean age — 72.70 £ 0.54 yrs; mean height —
1.580 + 0.006 m; mean weight — 74.43 + 1.33 kg), B —
present VFF (n = 66; mean age — 73.79 £ 0.55 yrs;
mean height — 1.580 * 0.008 m; mean weight —
69.53 + 1.37 kg).

The clinical examination of patients was conducted (pa-
tients taking medications or having diseases that affect bone
metabolism were excluded from the study).

Total body, lumbar spine, femoral neck, forearm BMD,
lateral vertebral assessment, lean and masses were measured
by DXA densitometer (Prodigy, GE). Appendicular lean
mass (ALM) was measured at all the four limbs with DXA.
We’ve also calculated the appendicular lean index (ALMI)
according to the formula ALM/height? (kg/m?). Trabecular
bone score (TBS) (L1-L4) was assessed by TBS iNsight®
software package installed on our DXA machine (Med-
Imaps, Pessac, France).

Statistica® 6.0 StatSoft, Inc. was used for data processing
purposes. Significance was set at p < 0.05.

Results

We have found the following parameters to be significant-
ly lower in women with the VFF compared to women ha-
ving no VFF: BMD of'total body (A — 0.859 = 0.010 g/cm?,
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Figure 1. Bone mineral density in Ukrainian older women depending on presence of vertebral fragility fractures

Notes: 1. A— total body bone mineral density, B— PA bone mineral density, C — femoral neck bone mineral density, D — 33%-fore-
arm bone mineral density; VFF — vertebral fragility fractures; * — significant changes (p < 0.05).
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B — 0.764 £ 0.020 g/cm?, p < 0.05), spine (A —
1.038+£0.020g/cm?,B—0.927£0.030g/cm?; p<0.05), fem-
oralneck (A—0.787+0.010g/cm?2,B—0.711+0.010g/cm?;
p < 0.05), 33% forearm (A — 0.690 + 0.010 g/cm?,
B — 0.600 £ 0.010 g/cm?; p < 0.05) (fig. 1), TBS (A —
1.171 £ 0.010, B — 1.116 + 0.020; p < 0.05) (fig. 2),
whole-body fat mass (A — 30.736 + 9.400 kg, B —
25.877 £ 9.670 kg; p < 0.05), whole-body lean mass (A —
41.202 +4.980 kg, B — 39.441 £ 5.950 kg; p < 0.05) (fig. 3),
ALM (A — 16.47 £ 0.22 kg, B — 15.81 £0.22 kg; p < 0.05)
and ALMI (A — 6.59 £ 0.07 kg/m?, B — 6.34 £ 0.09 kg/m?;
p <0.05).

The frequency of presarcopenia was 2.2% in women with
no VFF and 14.6% — in women with the VFF (fig. 4).

We did not find significant difference of lean mass depen-
ding on presence of thoracic and/or lumbar fractures (fig. 5).

The frequency of presarcopenia was significantly hi-
gher in women with osteoporosis (21.2 %) and osteopenia
(21.5 %) compared to women with women who had normal
BMD (6.7 %).

We also determined the significant correlation between
appendicular lean mass and BMD of lumbar spine and fe-
moral neck (fig. 6).

Conclusions

Ukrainian older women with the vertebral fragility frac-
tures have the BMD, TBS, lean and fat masses data sig-
nificantly lower in comparison to women with no vertebral
fragility fractures.

The frequency of presarcopenia was 2.2 % in Ukrai-
nian older women with no vertebral fragility fractures
and 14.6 % — in women with the vertebral fragility frac-
tures.

Sarcopenia is a geriatric syndrome that is often observed
in elderly and senile patients together with osteoporosis, re-
duces their physical abilities, affects the quality of life, and
as a result increases the incidence of falls and consequently
the risk of osteoporotic fractures.

In this regard, epidemiological studies on the prevalence
and risk factors of sarcopenia in older age groups, the deve-
lopment of diagnostic methods, prevention and treatment
of this condition are needed.

Conflicts of interests. Authors declare the absence
of any conflicts of interests that might be construed to
influence the results or interpretation of their manu-
script.
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Figure 2. TBS (L1-L4) in Ukrainian older women depending
on presence of vertebral fragility fractures

Notes: TBS — trabecular bone score; VFF — vertebral fragility
fractures; * — significant changes (p < 0.05).

Figure 4. Frequency of presarcopenia in Ukrainian older women
depending on presence of vertebral fragility fractures

Notes: VFF — vertebral fragility fractures; * — significant
changes (p < 0.05).
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Figure 3. Body composition in Ukrainian older women depending on presence of vertebral fragility fractures
Notes: A — fat mass, B— lean mass; VFF — vertebral fragility fractures; * — significant changes (p < 0.05).
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Figure 5. Lean mass in Ukrainian older women depending on presence of thoracic and/or lumbar fractures

Notes: A — total body lean mass, B— appendicular lean mass, C — appendicular lean mass index.
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Figure 6. Correlation between appendicular lean mass and bone mineral density in Ukrainian older women

Notes: A — appendicular lean mass (kg) = 14.511 + 1.951 x BMD of lumbatr spine (L1-L4) (g/cm?); r = 0.19; t = 2.92; p = 0.004; B —
appendicular lean mass (kg) = 13.252 + 3.868 x BMID of femoral neck (g/cm?); r = 0.27; t = 4.24; p = 0.00003.
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MuHepanbHasa NIOTHOCTb | MMKPOAPXUTEKTYpPa KOCTHOM TKaHM
NO3BOHOYHMKA (AaHHbIe TBS) 1 0CO6EHHOCTN TeNOCNOXKEHNA
Y NOXNAbIX YKPANHCKNX XKEHLMH C NepesioMamMi Tesl NO3BOHKOB

Pesiome. Ocreornopos u capKoreHus ABIAIOTCS Hanboee
YaCcTHIMM HaApYLIIEHUSIMU KOCTHO-MBIIIEYHOM CHCTEMBI Y
MOXWIbIX Jtoaeit. Yactora nepesomMoB, a Takxke MUX KOJIU-
YECTBO YBEJIMUUBAIOTCST BCIIENCTBUE CTAapeHUsI HACEJICHUSI.
B HemaBHUX MccenoBaHMSX ObLIO TOKA3aHO, YTO HU3Kas
cKeJIeTHas MblllIeYHasl Macca CBsi3aHa ¢ HU3KMMU CTPYKTYP-
HBIMU TTapaMeTpaMy KOCTU U HAPYIICHUSIMUA PaBHOBECUS Y
MOXWIBIX moaeit. Ileab dannozo uccaedosanus: OLICHUTH MU -
HepaJIbHYIO IJIOTHOCTh KOocTHOM TkaHu (MITKT), mokasa-
TeJIb KauecTBa TPaOEeKyIIpHON KOCTHOI TKaHU (trabecular
bone score — TBS) u TenocnoxeHue y XeHIIUH B 3aBUCH-
MOCTH OT HaJIMYMsl OCTEONOPOTUYECKUX MEPEOMOB MTO3BO-
HouyHuka (OTIIIT). Mbl u3yuunu gaHHbie 171 XEHIIUHBI B
Bo3pacte 65—89 net (cpennuit Bospact — 73,12 + 0,39 ro-
na). [MaureHTKM ObLIM pa3neseHbl Ha TPYIIIbl B 3aBUCUMO-
ctu ot Haymuust OIIIT: A — orcyrcrBue OIIIT (n = 105),
b — namuuue OIIIT (n = 66). C moMouipio AByX(OTOHHO-
ro peHtreHoBckoro aeHcutometrpa (Prodigy, GE) onpene-
Jgsim MITKT Ha ypoBHeE Bcero ckeyera, MOSICHUYHOTO OT-
JieJia TIO3BOHOYHMKA, IIeHMKU OeIpeHHOI KOCTH, TMpearie-
Ybsl, MACCy KMPOBOU M 00€3KUPEHHOU TKAaHU U MPOBOAWIU
peHTTeHOMOPGhOMETPUIESCKUI aHAIN3 TeJT TIO3BOHKOB. ATI-
MEHIUKYJISIPHYIO 00e3XupeHHYyIo Maccy (AOM) uzmepsin
Ha YpOBHE BCEX YEThIpeX KOHEUHOCTEI ¢ MCIOIb30BaHUEM
NIBYX9HEPTreTUUECKON pPEeHTTEHOBCKOW abCOpOIIMOMETPUN.

Taxske BBIYUCISIA UHACKC allMeHANKYIISIPHON 00e3XKIpeH-
Hoit Macchl (MAOM) cornacHo popmyine: MAOM = AOM,
Kkr/poct, M? (kr/m?). TBS (L1-L4) onpenensiia ¢ TOMOIIBIO
nporpammHoro maketa TBS iNsight®, yctaHOBIEHHOTO Ha
yKazaHHoM gneHcutoMmeTrpe (Med-Imaps, Pessac, ®paH-
uusi). s oO6pabOTKU JaHHBIX MCIMOJb30BAIM IPOrpam-
My Statistica® 6.0 StatSoft, Inc. JoCTOBEpHOCTb yCTaHAB-
quBanu nipu p < 0,05. O6HapyXeHO, YTO CIAEAYIOIINE TO-
KaszaTeau ObLIM TOCTOBepHO Huke y namueHTok ¢ OITIT mo
cpaBHeHU1o ¢ xeHiuHamu 6e3 OTTIT: MITKT Bcero ckeine-
Ta, MO3BOHOYHMKA, IIeiKu GeapeHHOI KocTtH, 33 % oTae-
Jla XocTeit mpenruieubsi, TBS, xkupoBasi macca Bcero Tena,
AOM u MAOM (p < 0,05). YacTtora npecapkorneHuu ObLia
JIIOCTOBEPHO BBIIIE y MALMEHTOK ¢ ocTteornopo3om (21,2 %)
u ocreornenuein (21,5 %) mo cpaBHEHMIO C XEHIIMHAMMU,
y kotopbix MIIKT Obl1a B npenesax BO3pacTHOW HOPMBI
(6,7 %). Yacrora npecapkorneHuu cocrasisuia 2 % y XeH-
muH 6e3 OIIIT u 14 % — npu OIIII. Takum o6pa3om, y ma-
mueHTok ¢ OIIIl moxkazarenn MIIKT, TBS, xwupoBoit u
00€3KMPEHHOI MacChl OBLIM TOCTOBEPHO HIKE MO CpaBHE-
HUIO ¢ XeHuHaMu 6e3 OITII.

KiioueBbie ci10Ba: ocTeornopos; CapKOTEHHUsT; TEPETOMBI;
MMHEpaJIbHas TUIOTHOCTh KOCTHOM TKaHW; TTOKa3aTeslb Kaue-
CTBa TpaOEKy/ISIpHOI KOCTHOI TKaHU; XKUPOBasi Macca; 00e3-
KUpEeHHasT Macca
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MinepanbHa WinbHicTb Ta MiKpoapXxiTeKTypa KicTKOBOiI TKaHUHM Xpe6Ta (gaHi TBS)
11 0co6NMBOCTI TiINOGYAOBM B NiTHIX YKPATHCBbKMX KIHOK

i3 nepenomamm Tin xpebuis

Pesiome. Ocreornopos i capkomneHis € Hai6LIbII YacTUMU
MOPYIIEHHSIMU KiCTKOBO-M’SI30BOi CHUCTEMM B JITHIX JIIO-
neit. Yacrora nepesaomiB, a TAaKOX iX KiJIbKiCTb 301JIbIIYIOTh-
Csl BHACJIiIOK CTapiHHS HaceJeHHs. Y HelloAaBHIX IOCIIi-
JDKEHHSX OYyJI0 TTOKa3aHo, 110 HU3bKa CKeJIeTHA M s130Ba Maca
MOB’sI3aHa 3 HU3bKUMU CTPYKTYPHUMU MapamMeTpamu KiCTKU
Ta TOPYIIEHHSIMU PiBHOBAru B JIiTHIX Joneil. Mema danoeo
0ocaidxcenHs: OLIHUTY MiHEpaJIbHY IIITbHICTh KiCTKOBOT TKa-
HuHu (MIKT), noka3HUK SIKOCTi TpaOeKyJIsIpHOI KiCTKOBO1
TKaHUHU (trabecular bone score — TBS) i Ti100y10BY B XKiHOK
3aJI€XKHO BiJl HASIBHOCTI OCTEONIOPOTUYHUX TTepeIOMiB XpedTa
(OITX). Mu BuBummM aaHi 171 xinku Bikom 65—89 pokiB (ce-
penHiii Bik — 73,12 + 0,39 poky). [lauienTkn Oynm po3mnomi-
JIEHi Ha TpyIu 3ajieXXHo Bif HasiBHOCTi OITX: A — BiacyTHiCTh
OIIX (n=105), b — HasgBHicTb OI1X (n = 66). 3a TOIIOMOI 010
NBO(OTOHHOTO peHTreHiBcbkoro neHcutomerpa (Prodigy,
GE) Busnavanu MIIIKT Ha piBHi BChOTo cKelleTa, Torepe-
KOBOTO Biiny XpeOTa, IMIKU CTeTHOBOI KiCTKH, IMepearLIiv-
4s, Macy XMPOBOI i 3HEXKUPEHOT TKAHUHU i TPOBOJUIN PEHT-
reHOMOP(hOMETPUYHUN aHaJIi3 TiJl XpeOlliB. AIICHINKYJISIPHY
3HexXMpeHy Macy (A3M) BUMipioBav Ha PiBHi BCiX YOTHPHOX
KiHI[IBOK i3 BUMKOPUCTAHHSIM [IBOEHEPreTUYHOI PEHTICHiB-

cbKoi abcopOuioMeTpii. Takox oOUMCTIOBAIA iHAEKC arleH-
IUKYJIIpHOI 3HexXXupeHoi Macu (IA3M) 3rigHo 3 popmyioro:
IA3M = A3M, kr/3pict, M? (kr/m?). TBS (L1-L4) BusHavaau
3a JOIoMoroxo rnporpamuoro nakera TBS iNsight®, ycranos-
JICHOTO Ha 3a3HadyeHoMy aeHcuTomeTpi (Med-Imaps, Pessac,
Dpannis). das o0poOKM 1aHMX BUKOPHCTOBYBAIM IpOrpa-
My Statistica® 6.0 StatSoft, Inc. BiporigHicTts ycTaHOBIIOBa-
qm ripu p < 0,05. BusiBneHo, 1110 Taki MOKa3HUKU OYJIM Bipo-
TiJIHO HYKYMMU B nauieHToK i3 OITX nmopiBHSIHO 3 XKiHKaMu
6e3 OI1X: MILKT ycnoro ckenera, xpeodTa, IUNKNA CTETHO-
BoI KicTku, 33 % Biaminy kicrok nepearutivusi, TBS, xupo-
Ba Maca Bcboro Tinia, A3M i IA3M (p < 0,05). YacTora npe-
capKoTIeHii OyJia BiporiiHO BUIIIOO B MALIIEHTOK 3 OCTEOINOPO-
30M (21,2 %) i octeoneHieto (21,5 %) nopiBHSIHO 3 XXiHKaMU,
y skux MIIKT Gysa B Mexxax BikoBoi Hopmu (6,7 %). Yacto-
Ta rpecapkorieHii craHoBuIa 2 % y XiHok 6e3 OTIX i 14 % —
npu OITX. Takum ynHOM, y TamieHToK 3 OIIX mokazHMKU
MILKT, TBS, xxupoBoi Ta 3HeXKMpPEeHOi Macu OyJIM BipOTiAHO
HUXXYMMU TIOPiBHAHO 3 KiHKamu 6e3 OTTX.
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