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Osteoporosis is a medical condition characterized by reduced bone strength and an increased risk of
fractures. The diagnosis of osteoporosis is established using DXA (Dual-Energy X-ray Absorptiometry)

scanning.

The aim of this study was to determine BMD categories in postmenopausal women and to examine

the relationship between BMD and muscle mass.

A prospective clinical study was conducted at the Clinic for Physical Medicine and Rehabilitation,
University Clinical Center Ni§, from September to December 2025. The study included 41 women in
stable 'menopause. In addition to BMD, appendicular skeletal muscle mass (ASM) and the

appendicular skeletal muscle mass index (ASMI) were measured using osteodensitometry.

Based on BMD values, participants were divided into three groups. The first group consisted of women
with normal BMD, the second with osteopenia, and the third with osteoporosis. The mean ASM value
was statistically significantly higher in women with normal BMD compared to those with osteoporosis

(p < 0.01). ASM in women with osteopenia was significantly higher than in those with osteoporosis
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(p < 0.05). ASMI was also significantly higher in women with normal BMD compared to those with

osteoporosis (p < 0.01).

A statistically significant difference in appendicular skeletal muscle mass and its corresponding index
was demonstrated in postmenopausal women with normal BMD compared to those with osteopenia
and osteoporosis. The coexistence of reduced bone density and muscle mass loss is common,
highlighting the important role of physical and rehabilitation medicine in the prevention and treatment

of these conditions.
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Osteoporoza je zdravstveno stanje koje karakteriSe slabost kostiju i sklonost lomljenju. Dijagnoza
osteoporoze se postavlja pomocu DXA (Dual-Energy X-ray Absorptiometry) skeniranja. Vrednosti
mineralne koStane gustine (BMD) iznad -1 SD (standardne devijacije) su normalno stanje, izmedu -
1i-2,5SD je osteopenija, a vrednost < -2,5 SD je osteoporoza.

Cilj rada je bio da se odredi BMD grupe Zena u postmenopauzi kao i odnos izmedu BMD i koli¢ine
misi¢ne mase.

Prospektivna klinicka studija je radénayna Kilinici za Fizikalnu medicinu i rehabilitaciju UKC Ni$ od
septembra do decembra 2025. Istrazivanje je obuhvatilo 41 Zenu u stabilnoj menopauzi, kod kojih
je pored BMD, izmerena masa apendikularnih skeletnih misica (ASM) i indeks apendikularne skeletne
mase (ASMI) osteodenzitometrijom.

Prema vrednostima_«BMD, ispitanici su podeljeni u 3 grupe. U prvoj grupi bile su pacijentkinje sa
normalnom vrednosti BMD, u drdgoj grupi sa osteopenijom, a u trecoj sa osteoporozom. Prosecna
vrednost ASM je bilaistatisticki znacajno veéa u pacijentkinja sa normalnom BMD u odnosu na one
sa osteoporozom (p<0.01). ASM kod pacijentkinja sa osteopenijom je bila znacajno veca u poredenju
sa grupom sa osteoporozom (p<0.05). ASMI bio je statisticki znacajno vedi kod pacijentkinja sa
normalnom BMD u odnosu na grupu sa osteoporozom (p<0.01)

Pokazana, je statisticki znacajna razlika koli¢ine apendikularne skeletno-misi¢ne mase i istoimenog
indeksa kod Zena u menopauzi sa normalnom BMD u odnosu na one sa osteopenijom i osteoporozom.
Ucestalost koegzistiranja smanjenja gustine kostiju i gubitka misiéne mase je znacajna te je potrebno
istadi‘ulogu fizikalne i rehabilitacione medicine u prevenciji i leCenju ovih stanja.

Kljuucne reci: mineralna kostana gustina, apendikularna skeletna masa misica, osteopenija,
osteoporoza.
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Introduction

Osteoporosis is a bone disease characterized by reduced bone mineral density and bone mass,
resulting in altered bone structure and strength. The consequence is bone weakness, fragility, and
an increased risk of fractures (1). It develops slowly over many years and is often diagnosed only
after a fall or if a minor trauma causes a fracture. There are no symptoms that directly indicate
osteoporosis; the first symptom is often a fracture. The most common fractures associated with
osteoporosis are wrist fractures, femoral neck fractures, and vertebral  \fractures.
The diagnosis of osteoporosis is established using osteodensitometrys(Bual-Energy X-ray
Absorptiometry — DXA), a short, non-invasive method that compares_the patient’s bone mineral
density with an appropriate reference group of young, healthy women or men. Reference sites include
the lumbar spine (L1-L4), femoral neck, and radius. The difference between the patient’s BMD and
reference values is expressed in standard deviations (SD). BMD values above —1 SD are considered
normal, values between —1 and —2.5 SD indicate bone lossdefined as osteopenia, and values below

—2.5 SD define osteoporosis (2,3).

Before the widespread use of DXA analysis, osteoporaosis was rarely diagnosed and primarily identified
in women with symptomatic vertebral.fracturesor osteopenia noted incidentally on radiographs. Hip
fractures were long considered a consequence of aging or were neglected in terms of treatment.
Measurement of bone mingral density (BMD) using DXA at any skeletal site is a strong predictor of

future vertebral and hip fractures (2).

Risk factors for osteoporosis in both men and women include smoking, family history of fractures,
age over 65 years, and both low and high body mass index (BMI), particularly in men. Secondary
causes of osteoporosis include chronic glucocorticoid therapy, gastrointestinal disorders, diabetes
mellitus (type 1 and type 2), rheumatoid arthritis, liver disease, celiac disease, multiple myeloma,
and other hematological disorders. However, primary osteoporosis is most commonly associated with
estrogen loss in postmenopausal women or age-related deterioration of skeletal microarchitecture.
Increased bone resorption characterizes most forms of osteoporosis, although the etiology is

multifactorial.



Advances in DXA technology now allow whole-body scanning, enabling assessment not only of bone

density but also total bone mass and the amount of muscle and fat tissue.

Muscle mass is expressed as appendicular skeletal muscle mass (ASM) and the appendicular skeletal
muscle mass index (ASMI). ASM represents the muscle mass of the upper and lower extremities,

while ASMI is calculated as ASM divided by the square of the patient’s height.

Several studies have demonstrated a positive correlation between muscle mass andrsbone mineral

density (4-6).

There is a close relationship between muscle mass, bone density, and physical exercise. Exercise not

only increases muscle mass but also improves bone density (7,8).

Aim of the Study

The aim of this study was to determine bone mineral density using DXA scanning in postmenopausal

women and to assess the correlation between bone density and muscle mass.

Methodology

This prospective clinical study was conducted at the Clinic for Physical Medicine and Rehabilitation,
University Clinical Center Nis; from September to December 2025. Inclusion criteria were female sex,
age over 50 years, and stable menopause. The study included 41 women in stable menopause, with

a mean age of 61.49 +12.95 years.

Body height and body weight were measured for all participants, and BMI was calculated.

Measurements were performed using a calibrated scale (Kern and Son GmbH).

After medical history assessment and physical examination, appendicular skeletal muscle mass (ASM)
was measured in all participants, and the appendicular skeletal muscle mass index (ASMI) was
calculated as ASM divided by the square of body height. Based on current diagnostic guidelines by
European Working Group for Sarcopenia in older people (EWGSOP2), ASMI < 5,5kg/m? is one of the
diagnostic criteria for sarcopenia in older woman. Bone mineral density and ASM measurements were

performed using a DXA device (GE Healthcare X-ray Bone Densitometer with enCore v18 software).
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BMD was measured at the lumbar spine (L1-L4) and bilaterally at the femoral neck. T-scores were
determined, indicating deviation from the average BMD of young, healthy women, expressed in
standard deviations (SD). Normal T-score values are above —1 SD. Based on T-score values,
participants were divided into three groups: normal BMD (T-score = —1 SD), osteopenia (T-score
between —1 and —2.5 SD), and osteoporosis (T-score < —2.5 SD). ASM was measured using the
total body scanning mode. Exclusion criteria included: treatment with bisphosphonates; monoclonal
antibodies, corticosteroids, anabolic drugs, or any medication affecting bone density., Patients with
diagnosed malignancies, autoimmune diseases, severe chronic illnesses or osteosynthetic material in

the lumbar spine or hips were also excluded.

Statistical analysis was performed using IBM SPSS v27.0. Measures of central tendency and
variability were calculated. The Shapiro—Wilk test was used to assess data normality. One-way

ANOVA was used to determine statistical significance, with p,< 0.05'considered significant.

Results

The study included 41 women. Based on T-score values, participants were divided into three groups:
13 women (31.7%) with normal bone density, 16 women (39%) with osteopenia, and 12 women

(29.3%) with osteoporosis (Table. 1, Figure 1).

Table 1. Distribution of subjects by group according to bone mineral density (BMD)

Number of subjects %
Group Normal BMD 13 31.7
Osteopenia (-1 do - 16 39.0
2.5SD)
Osteoporosis (<-2.5) 12 29.3
Total 41 100.0

BMD-»Bone Mineral density



Figure 1. Distribution of respondents by group (in %)
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Table 2 presents the mean age, height, body weight, BMI, mean ASM, and ASMI values of all
participants. The mean age was 61.49 + 12.95 years, and mean height was 162.24 + 6.02 cm. Mean
body weight was 70.80 + 11.46 kg, and.mean BMI was 26.89 + 4.09 kg/m2. The mean ASM was

17,045.98 = 3,006.47 g, andsmean ASMI was 6.46 += 1.02 kg/m=2.
According to the Shapiro—Wilk test (p > 0.05), ASM and ASMI data showed a normal distribution.

Table 2. Mean and standard deviation (SD) for demographic and body-skeletal parameters

AS = SD
Age (years) 61.49 + 12.95
Height (cm) 162.24 + 6.02
Weight.(kg) 70.80 + 11.46
BMI (kg/m?) 26.89 +4.09
ASM (9) 17045.98 + 3006.47
ASM Index (kg/m?) 6.46 + 1.02

BMI-Body mass Index, ASM- appendicular skeletal muscle mass, ASMI appendicular skeletal
muscle mass Index



Table 3 presents mean age, BMI, age at menopause onset, ASM, and ASMI across the three groups.

No statistically significant differences were found in age, BMI, or age at menopause onset between

the groups.

Mean ASM in the normal BMD group was 18,755.00 + 2,400.29 g, with an ASMI of 6.97 + 0.84

kg/m=2. In the osteopenia group, mean ASM was 17,417.06 + 2,996.15 g, and ASMI was 6.59 * 1/02

kg/m2. In the osteoporosis group, mean ASM was 14,699.75 + 2,164.47 g, and ASMlcwas 5.75 %

0.85 kg/m=2 (Table 3, Figure 2).

Mean ASM was significantly higher in women with normal BMD compared to those with osteoporosis

(p < 0.01). ASM was also significantly higher in women with osteopenia compared to those with

osteoporosis (p < 0.05). Mean ASMI was significantly higher in women with‘normal BMD compared

to those with osteoporosis (p < 0.01) (Table 3, Figure 3).

Table 3. Mean values (+ SD) for subjects’ age, BMI, age ‘at menopause onset, ASM and ASM
Index by group

Group Statistical results
Normal BMD Osteopenia Osteoporosis
Age (years) 56.92+ 5.96 62.86+6.90 66.73+ 7.79 p>0.05
BMI (kg/m?) 27.53 + 4.63 27.59F 4.04 25.57 + 3.31 p>0.05
Age at menopause 49.69 + 3.47. 51.31 + 5.65 49.58 + 5.02 p>0.05
(age)
ASM (g) 18755:00£2400.29 ~ 17417.06+2996.15  14699.75+2164.47 F=7.905, p=0.001
ASM Index (kg/m?)  6.97£0.84 6.59+1.02 5.75+0.85 F=5.795, p=0.006




Figure 2. Average value of appendicular muscle mass (ASM) in the studied groups
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Figure 3. Display of the value of the ASM index in the examined groups



Discussion

Our study demonstrated homogeneity of the examined groups with respect to BMI and age at
menopause onset. The results showed statistically significant differences in appendicular skeletal
muscle mass and ASMI relative to bone density status, with lower muscle mass and ASMI observed
in women with osteopenia and osteoporosis. These findings are consistent with those reported by

other authors.

Qin et al. examined 948 patients of both sexes and demonstrated a positive correlation between bone
mineral density and ASMI. Patients with normal BMD had significantly higher ASM and ASMI
compared to those with osteopenia and osteoporosis, and women with osteopenia had higher ASM

and ASMI than those with osteoporosis (4).

A similar study by Han et al., involving 2,165 patients, showed a positive correlation between ASMI
and BMD measured at the lumbar spine and femoral neck. Muscle strength of the quadratus

lumborum also showed a positive correlation‘with, ASMI and BMD (9).

These findings suggest directions for future research focusing on muscle strength and endurance in
patients with osteoporosis./Exercise programs aimed at increasing muscle strength may contribute

to osteoporosis prevention.

Studies in,early postmenopausal women with osteopenia have shown that long-term exercise
programs positively influence multiple risk factors associated with menopausal transition and aging
(7). Other studies have demonstrated that higher exercise intensity correlates positively with bone

mineral density (8).

Muscles and bones are anatomically and functionally connected tissues. Sarcopenia refers to the loss
of muscle mass and was internationally classified as a disease in 2016. There is limited literature on
its impact on bone density. Both sarcopenia and osteoporosis are associated with increased fracture
risk, impaired mobility, and mortality. Rather than focusing solely on bone or muscle weakness, it is
necessary to understand their interrelationship and develop integrated therapeutic approaches (10).
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Sarcopenia and osteoporosis share common pathophysiological mechanisms, including hormonal,
inflammatory, mechanical, and metabolic factors. Both osteoblasts and myocytes originate from
mesenchymal progenitor cells. Muscle contraction exerts mechanical load on bones, stimulating bone
maintenance. Loss of muscle mass and strength reduces skeletal loading, accelerating bone loss.
Hormonal deficiencies (reduced estrogen in menopause, decreased testosterone, growth hormone
decline, and increased cortisol) reduce bone density and muscle protein synthesis:” Chronic
inflammation in older adults increases cytokine levels (IL-6, TNF-a, CRP), inhibiting muscle
regeneration and stimulating osteoclast activity. Endocrine signaling between muscle and bone also
plays a role, with myostatin inhibiting muscle and bone growth and osteocalcin influencing muscle
function. Nutritional factors, such as vitamin D deficiency, and physical inactivity further contribute

to both conditions.

Early diagnosis and integrated treatment strategies are,  essential. Nutrition, exercise, and
pharmacological therapy may slow the development of osteosarcopenia, with combined approaches

proving more effective than treating each condition separately (11,12).

The main limitation of this study is the small sample size. Larger future studies are needed to confirm

the relationship between muscle mass;loss and<steoporosis and to draw definitive conclusions.

Conclusion

This study demonstrated a significant difference in appendicular skeletal muscle mass and ASMI in
postmenopausal women with normal bone density compared to those with osteopenia and
osteoporosis. These findings highlight the importance of investigating shared risk factors,
pathogenesis, and treatment strategies for osteoporosis and sarcopenia. The frequent coexistence of
these conditions, particularly in postmenopausal women, underscores the important role of physical

and rehabilitation medicine in their prevention and treatment.
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Abbreviations

BMI — Body Mass Index

BMD — Bone Mineral Density ( @

T-score — Value indicating deviation from average bone_densit a healthy young adult
ASM — Appendicular Skeletal Muscle Mass

ASMI — Appendicular Skeletal Muscle M X
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