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1. Introduction

Sarcopenia, first described by Irwin Rosenberg in
1980, is a musculoskeletal disorder characterized by
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Abstract

This study aimed to investigate the association between spine-specific sarcopenia,
assessed using magnetic resonance imaging measurements of the multifidus muscle,
and the risk of osteoporotic vertebral compression fractures in older adults.

This retrospective study included 85 patients aged 60 years or older who underwent
both lumbar spine magnetic resonance imaging and bone mineral density
measurement between January 2020 and 2025. Patients were assigned to fracture (n=43)
or control (n=42) groups according to the presence of osteoporotic vertebral
compression fractures. Spine-specific sarcopenia was evaluated using the cross-
sectional area and fat infiltration of the multifidus and psoas muscles. The percentage
of muscle fibers was calculated by subtracting the fat area from the total cross-sectional
area. Statistical analyses compared demographic, radiological, and clinical parameters
between groups.

There were no significant differences between groups regarding age, sex, Body mass
index, or psoas index. However, spinal T-scores were significantly lower in the fracture
group. The cross-sectional area of the multifidus muscle at L4-5 and L5-S1 levels was
significantly higher in the fracture group. Notably, the percentage of muscle fibers of
the multifidus muscle was significantly lower in the fracture group at both levels,
indicating increased fat infiltration. Multivariate analysis demonstrated that reduced
percentage of muscle fibers was independently associated with an increased risk of
osteoporotic vertebral compression fractures, regardless of bone mineral density.
Reduced muscle fiber percentage and increased fat infiltration in the multifidus muscle
are significant risk factors for osteoporotic vertebral compression fractures
independent of bone mineral density. These findings highlight the importance of
assessing paraspinal muscle quality for the evaluation and management of osteoporotic
fracture risk in the elderly.

Keywords: spine-specific sarcopenia, osteoporotic vertebral fracture, bone mineral
density, magnetic resonance imaging, paraspinal muscle.

progressive loss of muscle mass and muscle function
[1,2]. Its prevalence ranges from 24% to 56% among
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individuals over 60 years of age, and sarcopenia is
detected in approximately 44% of elderly patients
undergoing orthopedic surgery [3]. The identification
of sarcopenia is of major clinical importance, as it is
associated with increased risk of falls, fractures, loss of
mobility, hospitalization, postoperative morbidity, and
mortality [1,2,4]. Sarcopenia can develop not only due
to aging but also as a consequence of factors such as
physical inactivity, malnutrition, neuromuscular
disorders, insulin resistance, and chronic inflammation
[1, 5-7]. Immobility related to severe spinal pathologies,
particularly lumbar spinal stenosis, is also an important
cause of sarcopenia [8].

The European Working Group on Sarcopenia in
Older People (EWGSOP2) has recently defined
sarcopenia as a “progressive and generalized skeletal
muscle disorder associated with increased likelihood of
adverse outcomes” [3]. According to EWGSOP2,

2. Materials and methods

This retrospective study included patients aged 60
years or older who underwent both lumbar spine
magnetic resonance imaging (MRI) and bone mineral
density (BMD) measurement between January 2020 and
2025. Institutional ethics committee approval and
written informed consent were obtained. Exclusion
criteria were a history of lumbar spine surgery,
malignancy, spinal infection, severe scoliosis, and
systemic diseases affecting bone density.

Sample size was calculated using G*Power
software, with 80% power, an effect size of 0.5, and an
allocation ratio of 0.5, resulting in a total of 85
participants (43 in the fracture group and 42 in the
control group). Patients were classified into OVCEF (+)
and OVCF (-) groups according to BMD and MRI
findings.

diagnosis is based on low muscle strength, reduced
muscle quantity, and poor physical performance. In
spinal surgery, sarcopenia is frequently discussed in the
context of paraspinal muscle atrophy. This so-called
“spine-specific sarcopenia” is a unique entity, referring
to muscle loss predominantly in stabilizing muscles
such as the multifidus and psoas [9].

Both generalized sarcopenia and localized
paraspinal muscle atrophy are characterized by
decreased muscle quality, although their relationship
remains unclear. In patients undergoing spinal surgery,
conditions such as degenerative disc disease and spinal
stenosis may result in localized muscle atrophy,
affecting clinical outcomes [9,10]. Therefore, we
hypothesized that age-related sarcopenia results in both
quantitative and qualitative loss in paraspinal muscles,
which may be associated with the incidence of
osteoporotic vertebral compression fractures (OVCFs).

Diagnosis of sarcopenia was based on the criteria
recommended by the EWGSOP2, including handgrip
strength, psoas muscle index (PMI), gait speed, and the
five-times-sit-to-stand test 3. Spine-specific sarcopenia
was assessed using MRI-based measurements of the
cross-sectional area (CSA) and fat infiltration of the
psoas and multifidus muscles [9,11]. On axial T2-
weighted MRI, bilateral psoas muscle CSA was
manually measured at the L3 vertebral level, and PMI
(cm?/m?) was calculated by dividing the sum of both
sides’ CSA by height squared. The CSA of the
multifidus muscle was measured at the L4-5 and L5-51
levels. Fat infiltration was determined using threshold
analysis. The percentage of muscle fibers (PMF) was
calculated by subtracting the fat area from the total CSA
and multiplying the result by 100] (Figure 1) [11].

Figure 1 — Measurement of psoas and multifidus muscles on lumbar spine MRI. a) CSA of the psoas muscle was manually traced
at the upper endplate of the L3 vertebra on axial T2-weighted MRI. b) The CSA of the multifidus muscle was measured at the
L4-5 and L5-S1 levels. ¢) Fat area within the multifidus muscle was visualized using a threshold-based pseudocoloring technique.
PMF was calculated by subtracting the fat area from the total CSA and multiplying by 100 [11]
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Statistical Analysis

All statistical analyses were performed using IBM
SPSS Statistics for Windows, Version 25.0 (IBM Corp.,
Armonk, NY, USA). The normality of continuous
variables was assessed using the Kolmogorov-Smirnov
test. Normally distributed data were presented as mean
+ standard deviation (SD), whereas non-normally
distributed variables were expressed as median

3. Results

A total of 85 patients were included in the study:
43 in the control group and 42 in the osteoporotic
vertebral compression fracture (OVCF) group. The
median ages in the control and fracture groups were
72.58 (60-85) and 73.44 (61-88) years, respectively, with
no statistically significant difference between the
groups (p > 0.05, Table 1). The gender distribution was
similar in both groups (control: 53% female, 47% male;
fracture: 52% female, 48% male; p = 1.00).

The spinal T-score was significantly lower in the
fracture group compared to the control group (-2.51 +
2.13 vs. -0.85 £1.21; p <0.05). No statistically significant

(minimum-maximum). For comparisons between two
independent groups, the independent samples t-test
was used for parametric data, and the Mann-Whitney
U test for nonparametric data. Categorical variables
were analyzed using the chi-square test. Differences
between groups in terms of age, gender, body mass
index (BMI), BMD, psoas index, CSA, PMF of the
multifidus muscle were evaluated. A p-value <0.05 was
considered statistically significant in all analyses.

difference was found between the groups in terms of
BMI and psoas index (p >0.05 and p =0.18, respectively).

The cross-sectional area (CSA) of the multifidus
muscle at both the L4-5 and L5-51 levels was
significantly greater in the fracture group compared to
the control group (L4-5: 1269.89+15.27  wvs.
1179.12+24.75; L5-S1: 1381.46 + 87.31 vs. 1324.09 + 92.07;
both p < 0.05; Table 1). In contrast, PMF in the
multifidus muscle was significantly lower in the
fracture group than in the control group at both levels
(L4-5:53.87 +24.75 vs. 74.89 £ 12.23; L5-51: 56.89 + 14.31
vs. 69.97 + 13.25; both p < 0.05).

Table 1 — Demographic and Clinical Characteristics of the Study Groups

Control Group (n=43) Fracture Group (n=42) p value
Age 72.58 (60-85) 73.44 (61-88) 0.17
Gender (F/M), n (%) 23 (53%) / 20 (47%) 23 (53%) / 20 (47%) 1.00
BMI (kg/m?) 2453 +3.44 22.87 £3.28 0.10
Spinal T-score -0.85+1.21 -2.51+2.13 <0.05%
Psoas index (cm?/m?), 521+1.13 4.72+1.23 0.18
Multifidus at L4-5 CSA (cm?) 1179.12 + 24.75 1269.89 + 15.27 <0.05*
Multifidus at L4-5 PMF (%) 74.89 +12.23 53.87 £24.75 <0.05*
Multifidus at L5-S1 CSA (cm?) 1324.09 + 92.07 1381.46 + 87.31 <0.05*
Multifidus at L5-S1 PMF (%) 69.97 +13.25 56.89 + 14.31 <0.05*

Note: Data are presented as mean + standard deviation (SD) or n (%), as appropriate. Statistically

significant difference (p < 0.05)

4. Discussion

The most significant finding of this study is that the
reduction in the PMF and the increase in fat infiltration
in the multifidus muscle are significantly associated
with an increased risk of OVCEF. Furthermore, the CSA
of the multifidus muscle was found to be significantly
higher in the fracture group compared to the control

group. However, despite this increase in CSA, the
decrease in the percentage of muscle fibers emerged as
the main determinant. Our analysis indicates that the
combined assessment of traditional parameters, such as
bone mineral density (BMD), with muscle quality
(PMF) provides a more sensitive approach for
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predicting spinal fracture risk. In particular, our results
showed that increased fatty infiltration in the
multifidus muscle elevated the risk of vertebral fracture
even when BMD was in the osteopenic range [11]. These
findings highlight that muscle quality is a critical
determinant for the development of OVCEF,
independent of conventional approaches based solely
on BMD measurements.

In clinical practice, BMD measurement is widely
used to diagnose osteopenia and osteoporosis and to
estimate fracture risk [3]. However, as observed in our
study, vertebral fractures may still occur in some
patients whose BMD is within or above the osteopenic
threshold. This suggests that relying exclusively on
BMD for fracture risk assessment may be insufficient.
The literature similarly emphasizes the necessity of
considering additional risk factors such as muscle
quality, muscle strength, and fat infiltration [1,3]. In our
study, a reduced PMF and increased fat infiltration in
the multifidus muscle were shown to significantly
increase OVCF risk, independent of BMD [3,9]. This
finding further underscores the importance of
objectively evaluating muscle quality in clinical
management, with a focus not only on bone density but
also on muscle structure and function.

Muscle quality and, in particular, intramuscular fat
infiltration (myosteatosis) are recognized as key
biomarkers of aging and frailty [1,12]. Increased fat
content and decreased muscle fiber percentage in the
multifidus muscle may impair spinal stability and
negatively affect bone-muscle interaction [7,9,11].
Previous studies have demonstrated that increased fat
infiltration in the back extensor muscles is strongly
associated with increased risk of falls, impaired balance,
and ultimately fractures [6,8,12]. In our study, high fat
infiltration and a low muscle fiber percentage in the
multifidus muscle were also found to significantly
increase the risk of OVCF independently of BMD
values. This suggests that myosteatosis and muscle

6. Conclusions

Spinal sarcopenia and fat infiltration may affect
OVCFs in elderly patients independently of BMD.
Therefore, clinicians should consider the condition of
paraspinal muscles, in addition to BMD, when
assessing fracture risk and planning preventive
strategies in the elderly.
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quality should be considered more comprehensively —
beyond conventional approaches based solely on BMD
measurements —when assessing the risk of osteoporotic
fractures.

BMD is a commonly used quantitative marker for
determining osteoporotic fracture risk [3]. However,
the accuracy of BMD measurements may be
compromised in elderly individuals due to
degenerative spinal changes, calcified ligaments, and
other technical limitations [1]. Therefore, fracture risk
assessment based only on BMD can be inadequate,
especially in older adults and those with degenerative
spinal disease. In our study, the percentage of muscle
fibers (PMF) in the multifidus muscle was shown to
play a significant role in the development of OVCEF,
independent of BMD. This finding indicates that the
objective evaluation of muscle quality can make a
significant contribution to the identification of fracture
risk and the development of preventive strategies
[11,12].

This study has several limitations. First, the
evaluation of the multifidus muscle was limited to the
L4-5 and L5-51 levels, and other paraspinal muscle
groups were not analyzed. Additionally, due to the
retrospective design, potential confounding factors
such as physical activity level, comorbidities, and
treatment history could not be fully controlled. In the
future, larger and prospective cohort studies are needed
to more comprehensively evaluate the effects of
multifidus muscle quality and fat infiltration on the risk
of OVCEF. Furthermore, multivariate regression analysis
was not performed, and therefore, the independent
effects of potential confounders could not be fully
evaluated.
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OMbIpTKara ToH CapKOMNEeHMsI OCTeONOPO3AbIK KOMIIPeCCUSIAbIK OMBIPTKA ChIHYBbIHBIH
KaymiH apTThipaabl Ma? MPT Heri3iHaeri peTpOCIIeKTUBTI 3epTTey

Halil Gok 1, Alim Can Baymurat 2

I Opromnea, OpTormeans >koHe TpapMaToA0rus 0eaimi, Aukapa ETauk Kaaaaslk aypyxaHacsl, AHkapa, Typxust
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A,

Tyiingeme

3epTTeyAiH MakcaThl: erde >KacTarbl ajaMJapAa OMBIPTKaHBIH KerOeaikri OyarmsiketiHiy MPT apKbrabr
©/IIIeHIeH KopceTKimTepi HerisiHze OaralaHFaH OMEIPTKaFa TOH CApKOIEHMSI MeH OCTeOIIOpPO3ABIK OMBIPTKA
CHIHYBIHBIH JaMy KayTli apachlHAAFbl Oall1aHBICTLI 3€PTTEY.

bya perpocnextusti seprreyre 2020-2025 xplajap apaabliFbiHAa O0ea ombipTkackiHblH MPT 3eprreyin >keHe
CYlieK MIHepaAAbIK THIFBI3ABIFBIH aHBIKTayaH eTKeH 60 >kacTaH ackaH 85 Haykac eHrisiagai. Haykacrap octeonoposabik
OMBIPTKA CBHIHBIKTApBIHBIH 0OAyBIHa Kapail eki Tonka 6eaiHai: ceiHYB 6ap TOOBI (n=43) >XKoHe OaKplaay TOOBI (n=42).
OMEbIpTKara ToH CapKOIleHMsI KOIOeaiKTi >KoHe Oea OYAIIBIKeTTepAiH KoAAeHeH KMMACBIHBIH ayJaHbl MeH Maii
MHPUABTPAUVCHHBIH JeHTelli apKblabl OaradaHAbl. by AITBIKeT TaAIIBIKTaphIHBIH HalbI3ABIK YAeCi KaAIlbl KoaAeHeH

https://doi.org/10.52889/1684-9280-2025-76-5-jt0020


https://doi.org/10.1007/s00586-024-08155-3
https://doi.org/10.5137/1019-5157.tnd.3363
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1016/j.clnu.2021.01.010
https://doi.org/10.5152/j.aott.2023.23099
https://doi.org/10.14245/ns.2550248.124
https://doi.org/10.14245/ns.2449174.587
https://doi.org/10.1097/BRS.0000000000004650
https://doi.org/10.1016/j.spinee.2024.02.021
https://doi.org/10.1097/01.brs.0000248453.51165.0b
https://doi.org/10.1186/s12891-023-06640-2
https://doi.org/10.1016/j.bas.2023.102684
https://orcid.org/0000-0002-7002-4118
https://orcid.org/0000-0002-0062-621X

Trauma & Ortho Kaz, 2025, 76 (5)

KVMMaHBbIH ayaHbIHaH MaiiAbl TIHHIH ayaHbIH aAbII TacTay apKblabl ecenteali. CTaTUCTUKAABIK Taajay Ke3iHae TonTap
apachIHJAAFBl AeMOTpapUAABIK, PaldlOAOTVIIABIK JKoHe KAMHNUKAABIK KOPCETKIIIITeP CaAbICTHIPBLAABL.

Tonrap apacklHaa >Kac, >KBIHBIC, A€He CaAMAarbIHBIH MHAEKCi >XoHe Oea OYAIIBIKeTiHIH MHAEKCI OOJBIHIIA
aliTapAbIKTall alibpMallblAbIK aHBIKTaAFaH KOK. AJaiila OMbIpTKaHbIH T- KepceTkilTepi cbIHybI Oap TOObIHAA eAdyip
ToMeH 0044b1. L4-5 sxone L5-S1 aeHreitaepinge kenb6eaikTi Oy AIIBIKeTTiH KoAAeHeH KVMMAaCBIHBIH ayaHbl CBIHYBI Oap
TOOBIHAQ aliTapABIKTall >KOFaphl 6044l ATall aifTKaHAa, OCHI AeHrelilepAe KOIIOOAiKTi OYAIIBIKET TaAIIbIKTapBIHBIH
MaibI3ABIK YAeci ChIHYBl Oap TOOBIHAQ eAdyip TeMeH ©0oAblll, Mall MHQUABTPALVACBIHBIH apTKAHBIH KOpPCETTi.
Kendakroparl Tasgay HoTIDKeciHAe OYAIIBIKET TaAIIBIKTapBIHBIH TOMEH IaMbI3ABIK YAeci CylieK MMUHepaaAblK
TBHIFBI3ABIFBIHAH TOYeACi3 Typde OCTEeOIOPO3ABIK OMBIPTKA CBIHYBIHBIH >KOFapbhl KayIliMeH Oaifl1aHBICTBI eKeHi
AHBIKTAAABL.

KernGeikri Oy AIIBIKETTeTi TaAIIBIK YA€CiHIH a3al0bl MEH Mail MHQPNUABTPaLVIICHIHBIH apTyHl CylieK MIHepaaAbIK
TBHIFBI3/ABIFBIHA TOYEACi3 OCTEOIIOPO3ABIK OMBIPTKA CHIHYBIHBIH MaHBI3ABI Kayill ¢pakropaapsl 604bII TaOblaaAbl.  bya
HOTIKeJep erJe >KacTarbl ajaMJapda OCTeONOpPO3ABIK ChIHY KayIliH Oafasay MeH Oackapyda IlapaciIMHaAbAbI
OY/IIBIKET carlachblH OaralayAblH MaHbI3ABLABIFBIH allKbIHAAIABL.

Tyi1iH ce3aep: OMBIPTKara ToH CapKOIIEHIIS, OCTEOIIOPO3AbIK OMBIPTKA CBHIHYHI, CyJieK MUHEPaAABIK THIFBI3ABIFEL,
MPT, napacnnHaAbabl OYAITBIKET.

IloBpimaeT au cnermgudeckas AAsi IO3BOHOYHMKA CapKOIIeHMsT PVCK
OCTEeOIIOPOTUIECKOr0 KOMIIPECCHMOHHOTIO IepeaoMa IIO3BOHKOB? PeTpocrieKTuBHOE
nccaeaoBaHMe Ha OCHOBe gaHHbIX MPT
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Pesiome

Ileapio agaHHOTO MCCA€40BaHMS OBLAO U3YyUEHNE B3aMIMOCBI3YM MEXAY CIIenU(UUEcKOil AAs ITO3BOHOYHMKA
capKoIleHMel, OIleHeHHO! 1o JaHHIM MPT MHOropasAeAbHOI MBI, UM PUCKOM OCTEOIIOPOTUYECKIX
KOMITPECCHOHHBIX [TIepeA10MOB IO3BOHKOB Y TTOKMABIX TTAallIEeHTOB.

B perpocnexktuBHOe MccaesoBaHyne OBLAM BKAIOYEHBI 85 MalneHTOB B BospacTe 60 AeT 1 cTaplile, KOTOPHIM B
nepuog ¢ sHpapsa 2020 mo 2025 rog mnposoguaack MPT mosicHMYHOrO OT4eaa ITIO3BOHOYHMKA I M3MepeHue
MMHepaAbHOM IAOTHOCTM KOCTU. B 3aBMCMMOCTM OT HaAMYMS OCTEOIIOPOTMYECKOTO KOMIIPECCMOHHOIO IlepeaoMa
MO3BOHKa TIAallMeHTHl OBIAM paclpejedeHbl Ha TIpyIIy IIepeloMOB (n=43) M KOHTPOABHYIO TIpymmy (n=42).
Crnenuduueckast A4 IO3BOHOYHMKA CapKOIIEHMS OIleHMBalach IIO IIAOIIAAV IIOIIEPEYHOTO CEeYEHMSI U CTeIleHU
SKMPOBOJ MH(PUABTPALIMY MHOTOPa3AeAbHONM U MOSCHUYHON MBIIIIL. [TpOIIeHT MBIIIEUHBIX BOAOKOH PacCUMTHIBAAU
IyTeM BBIMMTaHMS TAOLIAAM >KMpa M3 OOIell IAomaAM IOIIepevyHOro cedeHMs. B Xoge cTraTmcruyeckoro aHaamsa
CpaBHIBAANCH AeMorpaduueckne, pajguoAordeckyie U KAMHUIECKEe IT0Ka3aTeAy MeXXAY IpyIIIaMIL.

3HaUMMBIX pa3AM4IUIl MeXXAy IpyIIaMM IO BO3pacTy, oAy, MHAEKCY MacChl Teda MAU MHAEKCY MOSICHUYHOM
MBIIIIIBI He BBIABAeHO. OgHaKo 3HaueHMs T-KpuTepus MO3BOHOUYHMKA OBIAY 3HAYUTEABHO HIDKe B IPYIIIIe IIepe10MOB.
INaomiass momepeyHoro cedeHNUs: MHOTOPa3AeAbHON MBIIIIBI Ha ypoBHAX L4-5 u L5-5S1 Oblaa 3HaUMTEeABHO BBHIIIE B
rpymme rnepeaomos. IIpy 9ToM IIpOIIeHT MBIIIEYHBIX BOAOKOH MHOIOpa3AeAbHOl MBIIIIILI OblA 4OCTOBEPHO HIKe B
IpyIlIle IlepeA0MOB Ha 0OOMX YPOBHAX, YTO YKa3bIBaeT Ha IIOBBIIIIEHHYIO KUPOBYIO MHPUABTpaniio. MHOTopaKTopHEII
aHaAM3 TIOKa3ad, YTO CHIDKeHMe IIPOLIeHTa MBIIIeYHBIX BOAOKOH He3aBMCHMMO CBJ3aHO C ITOBBIIIEHHBIM PMCKOM
OCTEeOITOPOTUYECKMX KOMIIPECCHMOHHBIX IIePe10MOB ITO3BOHKOB, He3aBICHMO OT MIHepaAbHOM I110THOCTU KOCTH.

CH1KeHMe TIpOIleHTa MBIIIEYHBIX BOAOKOH I yBeAMdeHMe >KMPOBOM MHQPUALTpallMKM B MHOIoOpasieAbHOil
MBIIIIlE SABASIOTCA 3HAUMMBIMI (aKTOpaMM pUCKa OCTEOIIOPOTUYECKUX KOMIIPECCHOHHBIX IIepeAOMOB IT0O3BOHKOB,
He3aBMCUMBIMI OT MUHepPaAbHON ILAOTHOCTU KOcTu. IloaydeHHble pe3yabTaThl ITOAYEpPKMBAIOT Ba’KHOCTH OLIEHKU
KayecTsa IapapepTeOpaAbHBIX MBIIIL IIPM AMATHOCTUMKE M BeAEeHMM IIallMeHTOB C PUCKOM OCTeOIOPOTHYeCKMX
Ilepe/0MOB B TIOKILA0OM BO3pacrTe.

Karougesblie caoBa: cienuduyeckas 445 ITO3BOHOYHMKA CapKOIIeHMs], OCTeOIIOPOTHYeCKII IIepeAoM II03B0HKa,
MIHepaaAbHas IIAOTHOCTh KOCTH, MaTrHUTHO-pe30HaHCHas ToMorpadusl, lapasepTeOpaabHble MBIIIIIIHL.
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