b

Asociatia Romana
de Balneologie

Research article

Effects of a 12-Month Resistance Training Program on Physical
Performance, Muscle Strength, Pain, and Health-Related Quality of Life
in Postmenopausal Women with Osteoporosis

Iulian Stefan Holubiac ¥, Rizvan Gavriloaia ! and Ionela Petronela Holubiac *

Citation: HOIHbiaC L3, Ravriloaia 1  Department of Physical Education and Sport, Stefan cel Mare University of Suceava, Romania;
G., Holubiac LP. - Effects of a 12- 2 National University of Science and Technology - Politehnica University of Bucharest, Pitesti

Month R?SIStance Training Program University Center, Department of Sports Science and Physical Education, Romania
on Physical Performance, Muscle

Strength, Pain, and Health-Related
Quality of Life in Postmenopausal * Correspondence: holubiac.iulianstefan@usm.ro, ionela.holubiac@gmail.com

Women with Osteoporosis

Balneo and PRM Research Journal L . .
2026, 17(1): 986 Abstract: Postmenopausal osteoporosis is associated with reduced muscle strength,

functional limitations, and impaired quality of life, particularly due to increased pain. This
study aimed to evaluate the effects of a 12-month strength training program on physical
performance and quality of life in women with postmenopausal osteoporosis and to
determine whether physical performance and muscle strength influence pain levels. Thirty-
nine women were allocated to an exercise group (n = 20) or a control group (n = 19). After 12
months, the exercise group demonstrated significantly greater improvements than the control
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Postmenopausal osteoporosis, driven by the sharp decline in estrogen, acceler-
ates bone turnover, favoring resorption over formation. Progressive disease leads to
back pain, fractures, spinal deformities, and systemic complications, imposing phys-
ical, psychological, and economic burdens. Fractures, particularly hip fractures, rep-
resent the most severe consequence, with high morbidity, mortality, prolonged re-
covery, and substantial healthcare costs, profoundly impacting quality of life in post-
menopausal women. Estrogen tightly regulates bone metabolism, making meno-
pause a critical period for osteoporosis risk. Fragility fractures are the primary out-
comes to prevent. Since aging compounds postmenopausal risk, early preventive
strategies—such as physical activity, adequate nutrition, and avoidance of smoking
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and excess alcohol—are essential. Assessment of risk factors, including prior frac-
tures, family history, or age over 65, should guide further evaluation with bone den-
sitometry [1]. The beneficial role of physical activity in preserving and promoting
health among older adults has been extensively established in the literature [2]. En-
gagement in regular physical activity in later life is associated with a reduced inci-
dence of chronic disease, improved management of existing health conditions, and
the maintenance and enhancement of both physical and cognitive functioning [3].
Conversely, physical inactivity —defined as failure to meet established physical ac-
tivity guidelines—is linked to a heightened risk of developing metabolic and cardio-
vascular disorders, including diabetes mellitus and cardiovascular disease [4], [5], [6].
In addition, insufficient physical activity contributes to progressive declines in mus-
cle mass and neuromuscular performance, such as reductions in muscle strength and
power, which in turn exacerbate impairments in mobility and functional independ-
ence. Recent evidence highlights that exercise programs combining multiple compo-
nents, particularly those including demanding balance tasks, are effective in reducing
fall risk. Clinical trials suggest that supervised, progressively intensified resistance
and impact training (HiRIT) can safely improve lumbar spine bone density in post-
menopausal women with osteoporosis or osteopenia. However, the long-term sus-
tainability of these bone gains and the safety of such high-load interventions in indi-
viduals with recent fractures remain unclear. Overall, exercise has the potential to
confer multifaceted skeletal benefits by simultaneously promoting bone formation
through high-intensity loading and preventing falls via balance training. [7]. Exer-
cise-based interventions represent a key non-pharmacological approach for both the
prevention and management of osteoporosis after menopause, although the most ef-
fective training modalities remain a topic of debate. Training protocols characterized
by moderate to high intensity, rapid execution, and short bouts appear to elicit favor-
able adaptations in bone turnover, regardless of the exercise environment [8]. The
QUALEFFO 41 questionnaire is widely used in studies of women with osteoporosis
[9]. In older adults with osteoporosis, fear of falling (FOF) is a major determinant of
reduced health-related quality of life. This persistent anxiety often limits physical ac-
tivity, lowers self-efficacy, and promotes physical deconditioning. FOF affects nearly
44% of this population, creating a cycle where inactivity worsens physical decline,
elevates fall risk, and reinforces fear. Notably, the psychological impact of FOF can
impair quality of life more than falls themselves, by increasing functional limitations,
reducing social participation, and heightening anxiety and depression [10], [11], [12].

Although physical exercise is recognized as an effective non-pharmacological
strategy for osteoporosis management, evidence concerning long-term structured re-
sistance training in postmenopausal women remains limited. In particular, there is
insufficient information regarding the combined effects of strength-oriented pro-
grams on functional performance and quality of life. The present study was designed
to address this gap by examining the long-term outcomes of a supervised resistance
training intervention in women with postmenopausal osteoporosis.

This research aimed to examine the prolonged impact of a systematic resistance
training regimen on both functional capacity and overall well-being in postmenopau-
sal women diagnosed with osteoporosis. In addition to evaluating changes in mus-
cular strength and functional capacity, the study aimed to examine the extent to
which improvements in physical performance are associated with reductions in pain.
By analyzing the predictive role of upper- and lower-limb strength measures on post-
intervention pain levels, this research sought to clarify the contribution of functional
and muscular adaptations to pain modulation and overall well-being in this clinical
population.

The novelty of the present study lies in the implementation of a long-term struc-
tured resistance training program and in the comprehensive evaluation of the rela-
tionship between functional performance and pain in postmenopausal women with
reduced bone density. Unlike many previous investigations focusing on short-term
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interventions or isolated outcomes, the present study provides an integrated analysis
of physical function and pain-related changes following prolonged exercise training.

2. Materials and Methods

A controlled intervention study was conducted in a sample of 39 postmenopau-
sal women diagnosed with osteopenia or osteoporosis, allocated to either an exercise
group (n = 20; mean age 56 + 2.9 years) who participated in a supervised strength
training program or a control group (n = 20; mean age 56 + 2.9 years) who did not
engage in structured exercise or other regular physical activity. Participants were as-
signed to the exercise group or control group using a nonrandomized allocation pro-
cedure based on individual preference and availability. Outcome assessments were
conducted under standardized conditions, and assessors were not blinded to group
assignment during baseline and post-intervention measurements. Inclusion criteria
required participants to be sedentary, non-smokers. Exclusion criteria included on-
going corticosteroid treatment. Sample size for the MANOVA was calculated with
G*Power 3.1.9, considering a medium effect size (f2(V) = 0.5), a = 0.05, and power =
0.80. For a design including two groups, the software suggested a minimum of 32
participants. Bone mineral density was assessed using DEXA. All participants re-
ceived daily supplementation with 0.5 pg alfacalcidol. The strength training program
lasted 12 months, with sessions conducted twice weekly on non-consecutive days to
allow adequate recovery. The first weekly session included hip adduction, hip ab-
duction, hip extension, triceps dips, hip flexion, and back extension, all performed on
machines from seated or standing position. Each exercise consisted of 2 sets of 12
repetitions (6 repetitions at 70% of one-repetition maximum [1RM] and 6 repetitions
at 50% 1RM). The second weekly session targeted biceps (Scott bench curl), quadri-
ceps and hamstrings (leg press, bodyweight squats, leg curls from prone position, leg
extension from seated position), and back muscles (seated machine row). Rest peri-
ods between sets were 90 seconds. Participants were tested for IRM in the second
week to determine appropriate exercise intensity, with monthly reassessments to ad-
just load for subsequent weeks. Intensities of 70% and 50% 1RM were chosen to pro-
vide sufficient stimulus while minimizing excessive load on the hip and knee joints,
reducing the risk of joint cartilage damage or osteoarthritis. All exercises, along with
the muscle groups involved, images and details are presented in a dedicated book
chapter [13]. The hip adductor movement in sitting is carried out using a dedicated
apparatus where the legs begin separated at roughly a 45° angle and rest against the
pads. By gripping the side bars for balance, the participant draws the legs inward
and then slowly moves them back to the initial arrangement. For seated hip abductor
work, a similar device is used, but the legs start close together on the pads. From this
posture, the individual presses the thighs outward to about 40-45° before returning
under control to the beginning position. Hip extension in standing is executed while
the person balances on one limb, with the other leg suspended free. The torso leans
slightly forward, the arms reach ahead, and the hands hold the support bars with a
neutral hand position. Load is applied to the upper rear portion of the moving thigh.
The participant drives the leg backward with the knee straight and then comes back
to the start. The triceps dip action is completed on a machine with the user sitting tall
and maintaining an upright spine. The elbows begin bent near 90°, and the upper
arms are positioned laterally. Holding the grips with palms facing downward, the
person presses by straightening the elbows and bringing the arms inward until near
full extension, followed by a slow return. Single-leg hip flexion while standing is per-
formed while supporting body weight on one leg as the other remains free. The torso
stays vertical, the arms extend forward, and the handles are held neutrally. Re-
sistance is attached to the front upper region of the working thigh. The subject lifts
the thigh while bending the knee to about 90°, then lowers it back. Seated back ex-
tension uses a machine where the feet rest on a platform and the hands grasp side
grips. The spine starts slightly rounded. By pushing through the legs, the person
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straightens the trunk against resistance until nearly level with the floor, then gradu-
ally returns. Elbow flexion on a Scott bench is done in sitting with the feet flat and
knees bent. The torso remains upright while the back portion of the upper arms rests
on the pad. Beginning with straight elbows and palms facing upward on the bar, the
lifter bends the arms to roughly 90° and then lowers to the start. Lower-limb pressing
on the horizontal sled begins in a seated posture with the feet placed parallel and
shoulder-width on the platform and the knees near a right angle. The hands secure
the side handles and the back stays against the support. From here, the legs push the
platform away and then return smoothly. The squat movement starts from standing
with the feet spaced apart in front of a bench or chair. Toes face forward, the arms
cross over the chest, posture stays tall, and vision remains ahead. The participant
lowers until the thighs become level with the floor (about 90° at the knees) and then
rises again. During prone leg curls, the individual lies face-down on the device with
the thighs supported and the legs straight, holding the side grips. Load is positioned
near the lower calves. The knees bend until about a right angle and then extend back
to the starting alignment. For seated knee extension, the person sits upright with the
knees initially bent to 90° and resistance placed on the lower part of the legs. The
movement consists of straightening the knees until the legs approach horizontal, fol-
lowed by a controlled descent. In the machine-based horizontal arm opening task,
the user sits tall with the chest against a pad and the hands holding the grips with
palms down. From this setup, the arms move outward across the body plane while
the elbows bend, bringing the hands toward abdominal level, and then return to the
original posture. The study was conducted in accord ance with the Declaration of
Helsinki. The health-related quality of life of participants was assessed using the
QUALEFFO-41 questionnaire. The QUALEFFO-41 consists of 41 items structured
into distinct sections evaluating pain (5 questions), activities of daily living (ADL; 4
questions), household tasks (House Jobs; 5 questions), mobility (8 questions), leisure
activities (7 questions), general health perception (3 questions), and mental health (9
questions), facilitating a multidimensional assessment of HRQoL in this clinical pop-
ulation. Higher total and domain score values on the QUALEFFO-41 indicate poorer
quality of life, with the scoring algorithm transforming raw responses to a 0-100 scale
to enable comparison across domains and individuals. Physical performance was
evaluated through a battery of well-established field tests that target major functional
capabilities relevant to aging and frailty. Lower body strength and functional mobil-
ity were measured using the 30-second Chair Stand test, in which participants rise
from a seated position and return to sitting repeatedly for 30 seconds, capturing the
number of full stands completed as an index of lower extremity muscle performance.
This test is widely employed in older adult research to assess leg strength and endur-
ance and is part of validated functional fitness batteries [14]. Upper body muscular
strength and endurance were assessed via the 30-second Arm Curl test, a standard-
ized protocol in which seated participants perform as many biceps curls as possible
within 30 seconds while holding a defined weight, providing an objective measure
of upper limb muscular function. Additionally, handgrip strength was measured for
both the dominant and non-dominant hand using a calibrated hand dynamometer, a
reliable indicator of overall muscle strength and physical function that has been cor-
related with a range of clinical and functional outcomes in aging populations. Statis-
tical analyses were conducted using SPSS v. 26. The level of significance was set at p
<.05, and all tests were two-tailed. All variables were initially examined descriptively
(means, standard deviations, and confidence intervals) prior to conducting inferen-
tial analyses. In the first step, the Shapiro-Wilk test was used to assess the distribu-
tion of scores. Paired samples t-tests were performed to determine within-group dif-
ferences between baseline (pre) and post-intervention (post) measurements. When
differences reached statistical significance (p < .05), Cohen’s d was reported as a
measure of effect size. To evaluate the effects of the intervention between groups
across the set of dependent variables, a Multivariate Analysis of Variance (MANOVA)
was conducted with the between-subjects factor Group (Exercise vs. Control). Values
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of F, p, and partial eta squared (n?,) were reported. When the multivariate model
indicated significant differences, univariate follow-up analyses (one-way ANOVA)
were performed for each variable to identify the specific components affected by the
intervention. To examine the influence of physical performance on pain levels, a mul-
tiple linear regression analysis was conducted, with pain as the dependent variable
and physical performance indicators as independent variables, including the Chair
Stand Test, Arm Curl Test, dominant handgrip strength, and non-dominant handgrip
strength. The regression model was used to determine whether these physical per-
formance variables significantly predicted pain and to estimate the contribution of
each independent variable to pain variability through regression coefficients and the
coefficient of determination (R?). Finally, Pearson correlation analysis was applied to
explore bivariate relationships between physical performance and pain. The correla-
tion coefficient (r) was used to evaluate the direction and strength of linear associa-
tions among the variables investigated.

3. Results

The multivariate MANOVA analysis showed no significant differences between
groups across the dependent variables, Wilks” A = .542, F(16, 12) = 0.635, p = .805, 12
= 458 (see table 1).

Table 1. Baseline Characteristics and Between-Group Comparisons for Control and Exer-
cise Groups Across Study Variables

Variable Ex C F p
Height 160.7 (6.10) 159.3 (4.6) 3.90 .57
Age 56.20 (2.9) 56.4 (2.1) 0.32 .56
Weight 65.7 (6.62) 64.2 (7.4) 1.20 .51
BMD total hip 0.864 (0.069) 0.887 (0.095) 0.75 .39
BMD total spine 0.786 (0.042) 0.777 (0.057) 0.34 .56
Arm Curl 20.85 (1.66) 20.89 (1.91) 0.06 94
Chair Stand 18.30 (1.03) 18.63 (1.74) 0.53 47
Handgrip 29.10 (4.20) 27.63 (3.18) 1.50 23
dominant
Handgrip non- 28.00 (5.01) 26.21 (3.47) 1.67 21
dominant
Pain 53.00 (17.27) 53.42 (13.34) 0.07 93
ADL 12.50 (6.08) 10.86 (4.08) 0.97 .33
House Job 10.33 (2.97) 8.16 (3.80) 2.10 .16
Mobility 9.75 (3.02) 11.02 (3.66) 0.24 .63
Leisure 62.21 (6.28) 62.76 (2.93) 0.12 .73
Health 56.25 (8.92) 55.70 (8.36) 0.04 .84
Mental 47.50 (8.92) 43.57 (6.42) 2.48 12

The MANOVA revealed a strong multivariate effect of the physical intervention, in-
dicating that the exercise group differed significantly from the control group at post-
test across the 11 evaluated variables, Pillai’s Trace = .872, F(11, 27) = 16.78, p < .001,
n?%p = .872, indicating that 87% of the combined variance in outcomes was explained
by group membership. Participants in the exercise group demonstrated superior
post-intervention performance on the Arm Curl test (M =22.80, SD = 1.51) compared
to the control group (M =20.63, SD = 1.64). The difference was statistically significant,
F(1, 27) =18.50, p < .001, n?, = .333. Relative progress within the exercise group was
+7.9%, whereas the control group showed a decline of -1.8%, resulting in a between-
group difference in progress of +9.7%. These results indicate a notable improvement
in upper-arm muscle strength attributable to the exercise program. Performance on
the Chair Stand test was also higher in the exercise group (M =20.45, SD =1.27) than
in the control group (M =18.37, SD =1.71), F(1, 27) = 18.74, p <.001, n?, = .336. Within-



Balneo and PRM Research Journal 2026, 17, 1 6 of 20

group progress for the exercise group was +11.1%, while the control group showed a
decrease of -2.6%, yielding a between-group difference in progress of +13.7% (see ta-
ble 2).

Table 2. Comparison of Percent Changes and ANOVA Results Between Exercise and Con-
trol Groups Across Variables
Variable Exercise A% Control % A F P n%
Arm Curl  22.80 (1.51) 7.9% 20.63 (1.64) -1.8% 18.50 <.001 0.333
Chair 20.45 (1.28) 11.1% 18.37 (1.71)  -2.6% 18.74 <.001 0.336

Stand
Handgrip-  31.10 (3.87) 4.8% 27.16 (3.15) -1.2% 12.12 .001 0.247
D
Handgrip-  29.40 (4.63) 3.3% 25.32 (3.28) -1.8% 10.01 .003 0.213
ND
Pain 32.00 (6.16) -34.3%  50.00 (8.82) -1.4% 55.10 <.001 0.598
ADL 7.81 (3.44) -37.5%  13.16 (4.61) 17.9% 16.97 <.001 0.314

HouseJob  6.50(2.35)  -371% 10.00(3.73) 16.7% 12.44 .001 0.252
Mobility 9.44 (2.88) 3.0% 11.68 (3.02)  24.6% 5.62 .023 0.132
Leisure 5391 (798) -135%  60.02(443) -5.4% 8.61 .006 0.189
Health 35.00(7.45) -38.8% 51.31(9.73) -120% 3478 <001 0485
Mental 30.84 (6.17)  -32.6% 4138(953) -1.2% 1698  <.001  0.315

Note. A% = Percent Change; F = F-value from ANOVA; p = Significance level; n2, = Partial
Eta Squared (effect size).

This suggests substantial gains in lower-limb strength and functional mobility fol-
lowing the intervention. Dominant handgrip strength was significantly higher in the
exercise group (M =31.10, SD = 3.86) compared to the control group (M =27.16, SD =
3.15), F(1, 27) =12.12, p = .001, n)?, = .247. Relative progress in the exercise group was
+4.8%, whereas the control group decreased by -1.2%, resulting in a between-group
difference of +6.0%, indicating a clear increase in muscular strength. Similarly, the
exercise group outperformed the control group on non-dominant handgrip strength
(M =29.40, SD = 4.63 vs. M = 25.32, SD = 3.28), F(1, 27) = 10.01, p = .003, n?, = .213.
Progress in the exercise group was +3.3%, while the control group declined by -1.8%,
yielding a between-group difference of +5.1%, indicating a significant gain in non-
dominant hand strength. The exercise group also showed a significant reduction in
pain (M = 32.00, SD = 6.16) compared to the control group (M = 50.00, SD = 8.82), F(1,
27)=55.10, p <.001, n?, = .598. Relative change in the exercise group was -34.3%, while
the control group changed by -1.4%, resulting in a between-group difference of -
32.9%, the largest observed effect, indicating a substantial pain reduction attributable
to the exercise program. Activities of daily living (ADL) improved significantly in the
exercise group (M =7.81, SD = 3.44) compared to the control group (M = 13.16, SD =
4.61), F(1, 27) =16.97, p <.001, n?, = .314. Relative progress was -37.5% in the exercise
group and +17.9% in the control group, resulting in a between-group difference of -
55.4%, highlighting a marked improvement in functional independence due to the
intervention. The exercise group also scored better on house-related tasks (M = 6.50,
SD = 2.35) compared to the control group (M =10.00, SD = 3.73), F(1, 27) = 12.44, p
=.001, n?,=.252, power = .93. Progress was -37.1% in the exercise group versus +16.7%
in the control group, a between-group difference of -53.8%, indicating a clear benefit
of exercise on household functional capacity. Overall mobility was higher in the ex-
ercise group (M =9.44, SD = 2.88) than in the control group (M =11.68, SD = 3.02), F(1,
27)=5.62, p =.023, n?, = .132. Relative progress was +3.0% in the exercise group and
+24.5% in the control group, yielding a between-group difference of -21.5%, indicat-
ing a modest improvement in mobility for the exercise group, whereas the control
group showed a decline. Although higher scores indicate lower performance, the ex-
ercise group achieved better outcomes on social activities (M =53.91, SD =7.98) com-
pared to the control group (M = 60.02, SD = 4.43), F(1, 27) = 8.61, p = .006, 1%, = .189.
Relative progress was -13.5% in the exercise group and -5.4% in the control group,
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with a between-group difference of -8.1%, indicating greater improvement in the ex-
ercise group. Participants in the exercise group reported better perceived health (M
= 34.99, SD = 7.45) compared to the control group (M = 51.31, SD = 9.73), F(1, 27) =
34.78, p < .001, n?, = .485. Relative progress was -38.8% in the exercise group and -
12.1% in the control group, resulting in a between-group difference of -26.7%, high-
lighting a strong effect of the intervention on perceived health. The exercise group
also scored better on mental health (M = 30.83, SD = 6.17) compared to the control
group (M =41.37, SD = 9.53), F(1, 27) = 16.98, p <.001, n?, = .315. Relative progress
was -32.6% in the exercise group and -1.2% in the control group, a between-group
difference of -31.4%, indicating a significant improvement in mental well-being fol-
lowing the exercise program.

Participants in the exercise group showed a significant increase in Arm Curl perfor-
mance (20.85 £ 1.66 vs. 22.80 + 1.51), t(19) =-22.132, p < .001, d = 4.95, 95% CI [-2.134,
-1.766], corresponding to an approximate 9.4% increase in arm muscle strength. This
represents a clear and significant improvement, demonstrating the positive effect of
the exercise program. In contrast, no significant difference was observed between
pre- and post-test Arm Curl scores in the control group, t(18) = 1.756, p = .096, 95% CI
[-0.052, 0.578]. The pre-intervention mean was 20.89 (SD = 1.91) and the post-inter-
vention mean was 20.63 (SD = 1.64), reflecting a decrease in arm strength of approxi-
mately 1.2%. The between-group percentage difference was 10.6%, indicating a su-
perior increase in upper limb muscle strength in the exercise group (see table 3).

Table 3. Intra-group Pre-Post Comparisons of Variables with Percent Change, t-Test, and 95%
Confidence Intervals
Variable G. Pre Post A% t p 95% CI
Ex 20.85 (1.66) 22.80 (1.51 +9.4 2213 <.001 [-2.134, -1.766]
C 20.89 (1.91) 20.63 (1.64 -1.2 1.756 .096 [-0.052, 0.578]
Chair Ex 18.30 (1.03) 20.45 (1.28 +11.7  -19.65 <.001 [-2.379, -1.921]
Stand C 18.63 (1.74) 18.37 (1.71 -14 1.564 135 [-0.090, 0.617]
)
)
)

Arm Curl

Ex 29.10(420) 31.10(387) +69  -7.368 <001  [-2.568, -1.432]
C 2763(318) 2716(315) -1.7 2282  .035 [0.038, 0.910]
Ex 2800(501) 2940(463) +50 -5272 <001  [-1.956, -0.844]
C  2621(347) 2532(328) -34 5288 <001  [0.539,1.250]
Ex 53.00(1727) 3200(6.16) -39.6 6116 <001 [13.813,28.187]

HG-D

HG-ND

— = = = = [~ |~ |~ = |~

Pain C  5342(1334) 50.00(882) -64 1556 137  [-1.197, 8.039]
ApL  _EX_ 1250(608)  781(344) 375 4265 <001  [2.387,6985]
C  1086(408) 13.16(461) -149 2111 .049  [-4.595,-0.011]

Ex 975(3.02) 650235 333 5940 <001  [2.105 4.395]

House Job

C  816(380) 1000 (373) +22.6 2111 049  [-3.676,-0.008]

Mobilty B 1047G4)  65023) 98 1774 092 [01852239]
C  11.02(366) 11.68(3.02) +60 -0961 349  [-2.110,0.786]

Lo X 6221(628)  5391(798) 133 5314 <001  [5.033, 11.574]
C  6276(293) 60.02(443) 44 2541 020  [0.475 5.008]
Hean X 5625(892)  3499(745) 378 9240 <001 [16439,26.067]
C  5570(836) 5131(9.73) 79 1606 126  [-1.351,10.127]
Menta X 4750(892)  3083(617) 351  9.678 <001 [13.061,20.269]
C  4357(642) 4138(953) 50 1528 144 [0.821,5205]

Note. HG = handgrip; A% = Percent Change.

Similarly, Chair Stand results indicated a significant increase in performance in the
exercise group, t(19) =-19.648, p <.001, d = 4.39, 95% CI [-2.379, -1.921], with a pre-
test value of 18.30 + 1.03 and a post-test value of 20.45 + 1.28, representing an approx-
imate 11.7% improvement, reflecting significant gains in lower limb strength and
functional mobility. In the control group, Chair Stand performance slightly decreased
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(18.63 £1.74 vs. 18.37 £ 1.71), t(18) = 1.564, p = .135, 95% CI [-0.090, 0.617], correspond-
ing to an approximate 1.4% decline, which was not statistically significant, indicating
maintained lower limb strength and mobility. The between-group percentage differ-
ence was 13.1%, suggesting a more pronounced improvement in lower limb strength
and endurance in the exercise group. Dominant handgrip strength increased signifi-
cantly in the exercise group, t(19) =-7.368, p <.001, d = 1.65, 95% CI [-2.568, -1.432],
with a pre-test mean of 29.10 + 4.20 and a post-test mean of 31.10 + 3.87, representing
an approximate 6.9% improvement. This increase confirms the positive effect of the
exercise program on muscle strength. In contrast, the control group showed a statis-
tically significant decrease in dominant handgrip strength between pre-test (M =
27.63, SD = 3.18) and post-test (M = 27.16, SD = 3.15), t(18) = 2.282, p =.035, d = 0.52,
95% CI [0.038, 0.910], corresponding to a relative decrease of approximately 1.7%.
Similarly, non-dominant handgrip strength increased significantly in the exercise
group (28 + 5.01 vs. 29.40 + 4.63), t(19) = -5.272, p < .001, d = 1.18, 95% CI [-1.956, -
0.844], representing an approximate 5% improvement. In the control group, non-
dominant handgrip strength showed a more pronounced and statistically significant
decrease (26 +2.1 vs. 25.32 + 3.28), t(18) =5.288, p <.001, d =1.21, 95% CI [0.539, 1.250],
corresponding to a 3.4% reduction in grip strength. In the exercise group, a significant
reduction in pain was observed, t(19) =6.116, p<.001, d =1.37, 95% CI [13.813, 28.187],
representing a decrease of approximately 39.6% (53 + 17.27 vs. 32 + 6.16), the largest
effect among all variables analyzed, highlighting the clear benefits of the exercise
program on pain. The difference between the two groups was 8.6% for the dominant
hand and 8.4% for the non-dominant hand, both indicating clear advantages in favor
of the exercise program (see figure 1).
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Figure 1. Pre and post-intervention performance in physical tests for exercise and control
groups. *indicates p  <.001 intra-group; ¥ indicates p <.05 intra-group; # indicates p <.001
inter-group; f indicates p < .05 inter-group.

The difference between pre-test (53.42 + 13.34) and post-test (50 + 8.82) pain scores in
the control group was not statistically significant, t(18) = 1.556, p = .137, 95% CI [-
1.197, 8.039], suggesting an improvement of 6.5%. The difference between the two
groups, expressed as the percentage change from pre- to post-test, was 33.2%, indi-
cating a substantially greater reduction in pain in the exercise group compared to the
control group (see figure 1). Activities of daily living (ADL) improved significantly
in the exercise group (12.50 £ 6.08 vs. 7.81 + 3.44), t(19) = 4.265, p < .001, d = 0.95, 95%
CI [2.387, 6.988], indicating a reduction in difficulties of approximately 37.5%, reflect-
ing increased functional independence. In the control group, a worsening was ob-
served for the same variable (10.86 + 4.08 vs. 13.16 + 4.61), which was statistically
significant, t(18) = -2.111, p = .049, d = 0.48, 95% CI [-4.595, -0.011], representing a
decline of about 21.2% in functional independence, suggesting greater difficulty in
performing daily activities compared to baseline. The difference between groups was
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58.7%, representing the largest observed difference and highlighting the major im-
pact of the strength training program on overall functional capacity (see figure 2).
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Figure 2. Pre- and post-intervention scores for quality of life domains in exercise and control
groups. * indicates p  <.001 intra-group; # indicates p <.001 inter-group; § indicates p <.05
inter-group.

Participants in the exercise group showed a significant improvement (9.75 + 3.02 vs.
6.50 + 2.35), £(19) = 5.940, p <.001, d = 1.33, 95% CI [2.105, 4.395], corresponding to a
reduction in difficulties of approximately 33.3%, suggesting better performance in
household tasks. In contrast, the control group experienced a worsening of 22.6% for
the same variable, which was statistically significant, t(18) =-2.111, p=.049, d = 0.48,
95% CI[-3.676, -0.008]. The percentage difference between the two groups was 55.9%,
indicating a significantly greater improvement in the exercise group compared to the
control group regarding the performance of daily household activities. Although the
change was not statistically significant in the exercise group (10.47 + 3.41 vs. 9.44 +
2.88), t(19) = 1.774, p = .092, d = 0.40, 95% CI [-0.185, 2.239], indicating an increase of
approximately 12.1%, there was still a trend toward improved overall mobility. In
the control group, a 6% worsening was observed for this variable, but the difference
was not statistically significant, t(18) = -0.961, p = .349, 95% CI [-2.110, 0.786]. The
difference between groups was 15.8%, suggesting a moderate but clearly favorable
improvement in the exercise group. Participants in the exercise group showed a sig-
nificant reduction in scores (indicating better functioning) for the variable leisure ac-
tivities (62.21 + 6.28 vs. 53.91 + 7.98), t(19) = 5.314, p <.001, d = 1.19, 95% CI [5.033,
11.574], representing an improvement of approximately 13.3% in recreational activi-
ties. The control group also showed an improvement for this variable of 4.4%, which
was statistically significant, t(18) = 2.541, p =.020, d = 0.48, 95% CI [0.475, 5.008]. Since
higher scores indicate poorer functioning, the decrease from the initial score (62.76 +
2.93) to the final score (60.02 + 4.43) actually represents an improvement. The per-
centage difference between groups was 8.9%, the smallest difference among all vari-
ables analyzed, indicating a positive but smaller, yet consistent, effect of the interven-
tion. Regarding the health status variable, the exercise group showed a significant
improvement (56.25 + 8.92 vs. 35 +7.45), t(19) =9.240, p <.001, d =2.07, 95% CI [16.439,
26.067], representing an increase in perceived health of approximately 37.8%. In the
control group, the difference between the initial (55.70 + 8.36) and final scores (51.31
+ 9.73) was not statistically significant, t(18) = 1.606, p = .126, 95% CI [-1.351, 10.127],
corresponding to an improvement of approximately 7.2% for this variable. The per-
centage difference between the Exercise and Control groups was 29.9%, suggesting a
significantly better perception of health among participants who followed the exer-
cise program (see figure 2). A significant improvement in mental health was also
observed in the exercise group (47.5 £ 8.92 vs. 30.83 + 6.17), t(19) = 9.678, p <.001, d =
2.16, 95% CI [13.061, 20.269], representing an increase in perceived mental well-being
of approximately 35.1%. In the control group, although a 5% improvement was ob-
served for the same variable, the difference was not statistically significant, t(18) =
1.528, p = .144, 95% CI [-0.821, 5.205]. The percentage difference between the two
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groups was 30.1%, indicating a substantial beneficial effect of the exercise program
on the psychological components of well-being.

A multiple regression analysis was conducted to examine the extent to which post-
intervention Chair Stand performance predicts post-intervention pain levels, after
controlling for baseline pain and baseline Chair Stand performance. In the first block
of the analysis, Pain_pre and ChairStand_pre were entered as predictors. This initial
model was marginally non-significant, F(2, 36) = 2.78, p = .075, explaining 13.4% of
the variance in post-intervention pain (R? = .134). This indicates that, prior to includ-
ing post-intervention physical performance, baseline pain and physical performance
contribute relatively little to explaining post-intervention pain. In the second step,
ChairStand_post was added to the model, resulting in a significant increase in ex-
plained variance, R? = .410, F(1, 35) = 31.43, p <.001. The final model was significant
and accounted for 54.4% of the variance in post-intervention pain (R? = .544). These
results suggest that post-intervention Chair Stand performance is a strong and inde-
pendent predictor of pain, beyond the influence of baseline pain levels. In practical
terms, approximately 41% of the variance in post-intervention pain is explained
solely by ChairStand_post performance. Moreover, the coefficient analysis indicates
that for each additional repetition completed in the Chair Stand test at the end of the
intervention, the post-intervention pain score decreases on average by 5.58 points,
highlighting a clear inverse relationship between lower limb strength and perceived
pain. A linear regression was conducted to examine the extent to which post-inter-
vention Arm Curl performance predicts post-intervention pain, controlling for base-
line pain. The model was significant in explaining the variation in post-intervention
pain, F(2, 37) =25.53, p <.001, R? = .573, adjusted R? = .556. This model suggests that
approximately 57% of the variance in post-intervention pain can be explained by
these two predictors combined. Examining the individual coefficients, Arm Curl pe-
formance had a significant negative effect on post-intervention pain, B =-4.499, SE =
0.890, 3 =-.726, t(37) =-5.053, p <.001, 95% CI [-6.304, -2.693]. This indicates that, after
controlling for baseline pain, a one-unit increase in post-intervention Arm Curl per-
formance is associated with an average reduction of approximately 4.5 points in the
post-intervention pain score. In contrast, pain (pre) was not a significant predictor in
this model, B =-0.034, SE = 0.111, 3 = -.044, t(37) = -0.304, p = .763, 95% CI [-0.258,
0.191]. This suggests that, after including Arm Curl (post) in the model, baseline pain
values no longer add significant explanatory power for post-intervention pain. The
results indicate that arm muscle performance, as measured by post-intervention Arm
Curl, is a strong and favorable predictor of pain reduction, even after controlling for
baseline pain. This implies that improvements in arm strength have a direct and pos-
itive impact on reducing perceived pain. Another analysis was conducted to evaluate
the extent to which dominant handgrip strength (post) and baseline pain predict
post-intervention pain (post). The model was significant, explaining approximately
23% of the variance in post-intervention pain (R? = 0.231, F(2, 37) = 5.52, p = .008).
Examining both standardized and unstandardized coefficients, baseline pain had a
significant positive effect on post-intervention pain, B = 0.235, SE = 0.104, 5 = 0.305,
t(37) = 2.268, p = .029, 95% CI [0.025, 0.445]. This result suggests that for each unit
increase in baseline pain, post-intervention pain is expected to increase by approxi-
mately 0.24 units, assuming dominant handgrip strength remains constant. In con-
trast, post-intervention dominant handgrip strength had a significant negative effect
on post-intervention pain, B =-1.410, SE=0.394, 3 =-0.481, t(37) =-3.582, p =.001, 95%
CI [-2.209, -0.612]. This result indicates that greater handgrip strength is associated
with lower levels of pain after the intervention. The standardized beta suggests that
dominant handgrip strength has a stronger effect than baseline pain on post-inter-
vention pain ( = -0.481 vs. 3 = 0.305). In conclusion, this model demonstrates that
post-intervention dominant handgrip strength significantly influences pain reduc-
tion, and controlling for baseline pain allows for a more precise estimation of this
effect. A multiple linear regression was also conducted to investigate the extent to
which post-intervention non-dominant handgrip strength and baseline pain predict
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post-intervention pain. The model was significant, explaining approximately 22% of
the variance in post-intervention pain (R? =0.215, F(2, 37) = 5.05, p = .011). Analyzing
the coefficients, baseline pain had a significant positive effect on post-intervention
pain, B=0.253, SE = 0.106, 3 = 0.328, t(37) = 2.382, p =.023, 95% CI [0.038, 0.468]. This
indicates that, holding non-dominant handgrip strength constant, each additional
unit of baseline pain is associated with an increase of approximately 0.25 units in
post-intervention pain. In contrast, post-intervention non-dominant handgrip
strength had a significant negative effect on post-intervention pain, B = -1.146, SE =
0.362, = -0.436, t(37) = -3.166, p = .003, 95% CI [-1.880, -0.412]. This suggests that
participants with greater non-dominant handgrip strength reported lower levels of
post-intervention pain. The standardized coefficient indicates that handgrip (non-
dominant, post) had a stronger impact on post-intervention pain than baseline pain
(B =-0.436 vs. 3 =0.328). In conclusion, this model highlights that lower limb strength
(measured by the Chair Stand test), arm strength (measured by Arm Curl), and hand-
grip strength (both dominant and non-dominant) significantly influence post-inter-
vention pain levels, suggesting that improvements in muscle strength, including grip
strength, can contribute to pain reduction. The results suggest that pain relief is
driven by the overall combination of physical improvements. A strong and statisti-
cally significant negative correlation was identified between post-intervention Arm
Curl scores and post-intervention pain, r(37) = —.70, p < .001, indicating that higher
upper limb strength was associated with lower levels of pain. Post-intervention Chair
Stand performance was significantly negatively correlated with post-intervention
pain, r(37) = -.62, p < .001, suggesting that better lower limb functional performance
is associated with lower pain levels. Post-intervention dominant handgrip strength
showed a significant negative correlation with post-intervention pain, r(37) =-.52, p
=.001. Non-dominant handgrip strength post-intervention was also significantly neg-
atively correlated with post-intervention pain, r(37) =-.46, p =.003, indicating a mod-
erate association between increased strength and pain reduction. verall, the descrip-
tive results indicate improvements in physical performance and a clinically relevant
reduction in pain following the intervention. The moderate-to-strong negative corre-
lations between physical performance tests and pain suggest that enhancements in
muscular and functional capacity are associated with lower pain levels, explaining
approximately 30% to 50% of the shared variance among the analyzed variables.

4. Discussion

Clinical analyses in women with osteoporosis have shown that health-related
quality of life (HRQoL) is closely linked to both pain and physical function, as meas-
ured by specific tests. Chronic post-fracture pain significantly affects the physical and
social domains of quality of life (SF-36 and QUALEFFO-41), and declines in physical
performance (mobility, balance, walking ability) contribute to this negative impact
on QoL [15], [16]. Although not all interventions are specifically designed to target
QoL, meta-analytic evidence indicates that exercise programs that improve muscle
strength — including increases in 30-second Arm Curl, 30-second Chair Stand, and
handgrip strength — lead to significant improvements in physical function and
maintain or enhance mobility and independence, which in turn are associated with
better perceived quality of life in older populations [17]. Some studies suggest that
overall physical fitness in women with osteoporosis is lower compared to healthy
individuals, and this functional decline is associated with a higher risk of falls and
reduced mobility, factors that can negatively affect perceived quality of life in those
affected [18]. This finding supports the use of functional tests (e.g., Chair Stand, Arm
Curl, Handgrip) as indicators of physical performance that may also indirectly reflect
QoL domains — including independence in daily activities and social participation.
A cohort study conducted in older adults [19] showed a significant positive associa-
tion between handgrip strength (HGS) and quality of life, regardless of sex, indicat-
ing that each 1 kg increase in HGS was correlated with a higher QoL score measured
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by the CASP-16 tool (0.24 in women and 0.18 in men). This suggests that loss of mus-
cle strength can have a negative impact on well-being in older adults. This investiga-
tion explored how habitual movement levels, muscular capacity, body composition,
and functional abilities relate to perceived well-being among older individuals ex-
hibiting early or established frailty while living independently. Using validated in-
struments, multiple aspects of self-perceived well-being were examined alongside
objective and self-reported measures of movement behavior, strength, muscle quan-
tity, and functional tasks. Evidence from randomized controlled studies involving
older adults with early or established frailty indicates that exercise-based interven-
tions encompassing endurance activities, resistance exercises, balance training, flexi-
bility work, or multimodal approaches yield meaningful health benefits. Across the
reviewed trials, improvements were most consistently observed in functional abili-
ties and force-generating capacity, alongside reductions in frailty severity. In contrast,
gains in muscle tissue quantity were less frequently reported. Considerable variabil-
ity was noted across studies with respect to training design, intensity, duration, as-
sessment methods, and mode of program delivery [20]. Physical training is widely
recognized as a non-pharmacological strategy capable of enhancing neuromuscular
capacity and functional abilities, thereby contributing to the management of frailty
in later life. Previous evidence syntheses have examined the influence of structured
movement programs on functional outcomes such as force production, locomotion,
postural control, and overall task performance. These analyses generally suggest that
programs combining multiple exercise modalities yield superior functional benefits
in vulnerable older populations. Nevertheless, uncertainty remains regarding the op-
timal configuration of training variables—including modality, dosage, intensity, du-
ration, and long-term adherence—that maximizes and sustains these benefits. Evi-
dence drawn from comprehensive reviews focusing on community-residing adults
aged 60 years and older with early or established frailty demonstrates that exercise-
based interventions, implemented either alone or alongside dietary strategies, are as-
sociated with meaningful improvements in functional outcomes. Most programs in-
volved moderate weekly training frequencies over several months and predomi-
nantly emphasized combined approaches integrating resistance-based tasks with en-
durance, balance, and flexibility components. Such multimodal strategies were con-
sistently linked to gains in strength, walking efficiency, stability, and global func-
tional performance. Programs relying solely on resistance-focused activities also
showed favorable effects, particularly for strength-related outcomes and mobility. In
contrast, other exercise modalities have received limited investigation, preventing
firm conclusions regarding their independent effectiveness. Overall, the available ev-
idence supports the implementation of comprehensive, multi-domain exercise pro-
grams for frail and pre-frail older individuals. Future investigations should apply
standardized frailty classifications and further explore alternative training modalities
and combined lifestyle interventions to enable more precise and evidence-based ex-
ercise prescriptions [21]. Although not directly focused on QoL, research shows that
handgrip strength is positively associated with bone mineral density (BMD) and a
lower risk of fractures in postmenopausal women. This suggests that loss of muscle
strength — reflected in tests such as handgrip or Arm Curl — may be linked to poorer
clinical outcomes that indirectly affect QoL through physical inactivity and increased
risk of complications [22], [23]. In a population-based study, performance on func-
tional body tests (chair stand, timed up and go, handgrip) was positively correlated
with multiple domains of physical quality of life, measured by the SF-36, in both
adults and older adults, indicating that better functional performance translates into
higher scores on the physical components of QoL [24]. Specifically, the 30-second
chair stand test was associated with overall physical function and fewer disease-re-
lated symptoms in colorectal cancer patients, highlighting links between lower-limb
muscular performance and relevant HRQoL dimensions [25]. A study of an active
population found that poorer performance on chair stand and Arm Curl tests was
associated with a higher risk of lower overall QoL, including both physical and social
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HRQoL components, supporting and contextualizing observations of negative corre-
lations between reduced muscle performance, pain, and functional limitations [26].
Additionally, the literature indicates that components such as physical activity level,
balance, and walking speed (often included in functional test batteries) are strongly
associated with at least certain QoL subscales in adults and older adults, emphasizing
the importance of multifactorial assessments in understanding QoL [19]. Another
study [27] provides evidence that engagement in movement-related behaviors is
linked to perceived health status in later life. A randomized controlled trial [28] ex-
amined the effect of an exercise program on quality of life in postmenopausal women
with osteoporosis. Participants were assigned to exercise or control groups without
exercise for one year. The results showed significant improvements in pain, physical
activity, social life, and perceived health status in the groups that participated in ex-
ercise, compared with those who did not exercise (p <.0001), while mental function
did not show significant differences. Another systematic review of clinical studies in
postmenopausal women with osteoporosis or osteopenia confirmed the positive ef-
fects of physical exercise on physical function, mobility, vitality, and overall quality
of life. Exercise types ranged from Tai Chi, high-intensity aerobic exercise, progres-
sive low-impact exercise, and Pilates, to closed-kinetic chain exercises, demonstrating
overall efficacy in improving QoL [29]. Osteoporosis represents a significant public
health concern, marked by reduced bone density and deterioration of bone structure,
which can negatively affect daily functioning and well-being. In this cross-sectional
study [30] comparing postmenopausal women with and without osteoporosis, par-
ticipants with the condition reported lower overall quality of life, particularly in do-
mains related to mobility and cognitive-emotional functioning. Physical activity lev-
els, as assessed by standardized questionnaires, did not differ substantially between
the two groups. However, among women with osteoporosis, higher engagement in
physical activity was modestly associated with better perceived quality of life. These
findings suggest that, while physical activity patterns may be similar regardless of
bone health status, promoting greater activity among postmenopausal women with
osteoporosis could help mitigate declines in well-being and enhance daily function-
ing. Analysis of data from a large community-based cohort of older adults indicates
that osteoporosis is linked to lower physical aspects of quality of life, with a more
pronounced effect in women. Among participants, women with osteoporosis re-
ported reduced physical functioning compared with those without the condition,
while mental health scores were largely unaffected. These findings suggest that skel-
etal fragility primarily compromises physical well-being rather than mental health in
aging populations, and that women may be particularly vulnerable to these effects.
Targeted strategies aimed at preserving or enhancing physical function in older
adults with osteoporosis may therefore be critical for maintaining independence and
promoting healthy aging [31]. Evidence from systematic review and meta-analysis
indicates that postmenopausal women with osteoporosis experience lower health-
related quality of life compared with their peers who have normal bone density. The
presence of osteoporotic fractures further exacerbates this decline, particularly affect-
ing physical functioning and overall well-being. Bone mineral density was positively
correlated with quality-of-life outcomes, whereas the severity of fragility fractures
showed a negative association, highlighting the impact of skeletal deterioration on
daily life [32]. Findings from a large, long-term cohort study indicate that both self-
reported and bone mineral density—confirmed osteoporosis are associated with lower
health-related quality of life in adults aged 50 years and older, with women being
particularly affected. Over a 10-year period, declines in most domains occurred re-
gardless of osteoporosis status, although mental health components remained rela-
tively stable. Fragility fractures were linked to additional reductions in quality of life
and larger declines over time, emphasizing the cumulative impact of skeletal fragility.
These results highlight the importance of evaluating and addressing quality of life in
individuals with osteoporosis even before fractures occur, supporting the develop-
ment of interventions aimed at preserving functional well-being across all stages of
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the disease [33]. A single-blinded randomized controlled trial evaluated the effects of
a 12-week supervised multicomponent exercise program on older women with oste-
oporosis and prior vertebral fractures. The intervention targeted resistance, balance,
and functional fitness, while the control group received standard care. Although ha-
bitual walking speed, the primary outcome, did not differ significantly between
groups, notable improvements were observed in dynamic balance, upper- and lower-
limb strength, and functional lower-body performance among participants in the ex-
ercise group. Additionally, fear of falling was reduced, reflecting increased confi-
dence in mobility [34]. Kronhed et al. (2009) [35] examined the impact of supervised
resistance training on quality of life in women aged 60-81 diagnosed with osteopo-
rosis. Sixty-five participants were allocated to either an exercise group or a control
group. The intervention involved 60-minute sessions twice weekly for four months,
including a stationary bike warm-up, targeted strengthening of back and abdominal
muscles, resistance exercises for upper and lower limbs, and stretching, with inten-
sity gradually increased according to individual ability. Following the program, the
exercise group demonstrated improvements in six domains of the SF-36, reflecting
enhanced physical and psychological well-being. Madureira et al. (2010) investigated
the effects of a 12-month program on quality of life in women aged 65 and older with
osteoporosis. Participants were assigned to a balance training group (n =30) or a con-
trol group (n = 30). The intervention consisted of weekly one-hour supervised ses-
sions, including warm-up and stretching (15 minutes each), walking exercises (15
minutes), and dynamic and static balance exercises (30 minutes). Participants were
also instructed to perform the same exercises at home at least three times per week
for 30 minutes. At the end of the study, the exercise group showed significant im-
provements compared with the control group across all measured domains [36].
Kiigiikgakir et al. (2013) investigated the effects of a supervised Pilates program on
quality of life in postmenopausal women aged 45-65 with osteoporosis. Participants
were assigned to either a Pilates intervention group (n=35) or a home exercise control
group (n = 32). The intervention consisted of twice-weekly, one-hour supervised Pi-
lates sessions for one year. The control group performed trunk extension exercises at
home, three sets of 20 repetitions, over the same period. The intervention group
showed significant improvements across all QUALEFFO-41 domains [37]. Oh et al.
(2015) examined the effects of the same exercise program on quality of life in 66
women aged 265 years, comparing aquatic versus land-based training. Participants
performed 60-minute sessions, three times per week for 10 weeks. Participants were
assigned to either an aquatic exercise group (n =34, 1.2 m deep pool) or a land-based
exercise group (n = 32). No significant differences between groups were found in the
domains of general health (63.07+14.47 vs. 57.94+13.93, p = 0.34) or social functioning
(83.67+16.64 vs. 89.45+14.92, p = 0.80). However, the aquatic exercise group showed
significantly greater improvements in physical functioning (87.20+17.37 vs.
65.46+22.62, p < 0.001), role limitations due to physical health (91.91+24.40 vs.
56.25+40.16, p < 0.001), pain (95.58+7.46 vs. 69.37+23.13, p < 0.001), vitality (94.55+8.90
vs. 62.34+16.79, p <0.001), role limitations due to emotional problems (91.91+24.40 vs.
61.45+41.57, p = 0.002), and mental health (95.05+11.18 vs. 71.50+17.41, p < 0.001) [38].
Schroder et al. (2012) investigated the effects of two different exercise programs over
a 3-month period. Participants were assigned to either a suspension training group
(n =23, mean age 69.7 + 3.7 years) or a conventional exercise group performing the
same program without suspension straps (n =21, mean age 71.0 + 6.1 years). The 30-
minute exercise sessions, conducted twice weekly, included stepper exercises,
strengthening for upper and lower limbs, balance exercises, and stretching/relaxation.
Both groups showed improvements in quality of life, but the suspension training
group demonstrated significant improvements compared to baseline in the domains
of: pain (A% =-28.9, p <0.001), physical function (A% =-31.3, p=0.001), overall health
perception (A% =-17.5, p = 0.001), mental function (p = 0.017). No significant changes
were observed in social activities (p = 0.73), although a slight worsening of symptoms
was reported [39]. Angin and colleagues (2015) evaluated the effects of a Thai-Chi
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exercise program on quality of life in postmenopausal women with osteoporosis over
a six-month period. Participants were divided into an experimental group, consisting
of 22 women with a mean age of 58.2 + 5.5 years, and a control group, consisting of
19 women with a mean age of 55.9 + 9.2 years. The experimental group attended 60-
minute exercise sessions three times per week, which included Pilates exercises dur-
ing the first six weeks, resistance exercises using Thera-Band between weeks 6 and
18, and resistance exercises using a Pilates/Gym-Ball between weeks 18 and 24. The
experimental group showed significant improvements in all domains compared to
baseline, including pain (77.09 + 10.33 vs. 63.18 + 12.30, p < .001), activities of daily
living (89.28 £ 6.83 vs. 81.60 + 13.79, p =.003), household chores (73.14 + 11.72 vs. 62.27
+ 1547, p < .001), mobility (84.43 + 8.20 vs. 73.12 + 13.22, p < .001), social activities
(62.01 +12.22 vs. 39.98 + 14.81, p < .001), overall health perception (52.05 + 9.24 vs.
35.07 £ 12.83, p <.001), and mental function (60.20 + 10.19 vs. 51.95 + 10.09, p < .001).
In the control group, symptoms worsened compared to baseline [40]. In 2013, Basat
et al. examined the impact of different exercise modalities on life quality in 35 post-
menopausal women divided into a resistance training group, a high-impact exercise
group, and a non-exercising control group. All participants received identical daily
supplementation of vitamin D (800 IU) and calcium (1200 mg). Over six months,
those performing resistance exercises three times per week experienced a substantial
enhancement in overall quality of life (A% =24.6, p <.001), whereas the control group
showed minimal improvement (A% = 3.7%). Between-group comparisons confirmed
a statistically significant effect of the intervention (p < .001), demonstrating that re-
sistance training can markedly improve well-being in this population [41]. In 2016,
Evstigneeva and colleagues conducted a study to evaluate the effects of a resistance
exercise program on quality of life in women with osteoporosis who had sustained
vertebral fractures. The experimental group (mean age 70.7 = 8.1 years; n = 40)
participated in a 12-month resistance exercise program, performed twice weekly,
while the control group (67.6 = 7.0 years; n = 38) did not engage in any exercise
program during the study period. Neither group received any pharmacological
treatment during the intervention. The exercise program consisted of three parts: an
8-minute warm-up, a main session including isotonic and isometric exercises, and a
4-minute cool-down with diaphragmatic breathing exercises. At the end of the study,
the experimental group showed improvements in the domains of pain (A% = 21.6),
activities of daily living (A% = 15.4), domestic tasks (A% = 21.5), mobility (A% =19.7),
social activities (A% = 5.4), and overall health perception (A% = 8.5); only the mental
function domain slightly worsened by 0.6% compared to baseline. Significant
differences were observed between the two groups at the study’s conclusion for all
QUALEFFO-41 domains (p < .001) [42]. Peng et al. investigated the effects of a 12-
month, twice-weekly, 40-minute exercise program on postmenopausal women. Sev-
enty-eight participants (mean age 69.2 years) were allocated to either the exercise
group or a control group maintaining usual activities. Quality of life was evaluated
using the QUALEFFO-41, while balance and functional mobility were assessed with
the Balance Master® System, the "timed up and go," and "sit-to-stand" tests. After
one year, the exercise group demonstrated significantly better overall QUALEFFO-
41 scores compared to controls, with notable improvements in pain, household and
mobility functions, social engagement, and general health perception. Balance
measures, including tandem walk and sway, as well as functional mobility tests, also
showed significant gains in the exercise group [43]. Positive results regarding quality
of life were also reported in the study conducted by Marchese and colleagues, alt-
hough this study included only women with osteopenia. The participants were di-
vided into an experimental group (mean age 64.09 + 8.90 years; n = 11) and a control
group (mean age 59.73 * 1.19 years; n = 11). The intervention program lasted 12
months, with sessions held three times per week, each lasting 50 minutes [44]. In 2010,
Silvia Tolomio and colleagues evaluated the effects of an 11-month resistance exercise
program on bone mineral density and functional capacity in postmenopausal women
with osteoporosis. During the first 11 weeks, the exercise sessions were conducted
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three times per week in a fitness room, after which the program was carried out twice
per week in the fitness room and once per week in a pool. Each 60-minute session
included exercises with dumbbells, steppers, medicine balls, resistance bands, and
bodyweight exercises. The experimental group (mean age 62 + 5.0 years; n = 58)
demonstrated a 39% increase in the 30-second arm curl test with a 2.3 kg dumbbell,
a 10.5% increase in right-hand grip strength, and a 9.6% increase in left-hand grip
strength. In contrast, the control group (mean age 64 + 5.3 years; n = 67) showed only
a 12% improvement in the arm curl test, with decreases in dynamometer-measured
grip strength of 4.5% for the right hand and 3.5% for the left hand [45]. In 2010, Akiko
Kanemaru and colleagues reported statistically significant improvements in hand-
grip strength for both the right hand (A% =11, p =.001) and the left hand (A% =11.2,
p = .05) in the experimental group (mean age 74.7 + 6.7 years; n = 37) compared to the
control group (mean age 74.3 = 7.0 years; n = 32). The exercise program was home-
based and lasted for 12 months, with participants in the experimental group being
instructed on how to perform the exercises independently at home; the experimental
group showed significant improvements only in the physical function domain (p
= .05) [46]. In 2017, Wen and colleagues conducted a study on postmenopausal
women with osteoporosis (mean age 57.5 + 3.5 years; n = 24) and observed notable
improvements after a 10-week resistance exercise program. Participants in the exper-
imental group completed 90-minute sessions three times per week, with exercise in-
tensity set at 75-85% of their estimated maximal heart rate. At the end of the inter-
vention, the experimental group showed a 47% improvement in the 30-second Chair
Stand test and a 42.9% improvement in the 30-second Arm Curl test, indicating sig-
nificant gains in lower- and upper-body muscle strength [47]. A large-scale study
conducted in a cohort of adults aged over 40 years demonstrated that reduced hand-
grip strength was strongly associated with poorer health-related quality of life among
individuals with osteoporosis compared with their healthy counterparts. Notably,
these disparities were consistently observed across all dimensions of quality of life.
Consequently, the coexistence of osteoporosis and diminished handgrip strength was
associated with a markedly greater impairment in overall quality of life relative to
individuals with preserved handgrip strength or those without osteoporosis [48]. An-
drea Di Blasio and colleagues conducted a study comparing two different resistance
circuit training programs in postmenopausal women with osteoporosis (mean age
59.35 £ 3.65 years; n = 32). At the end of the intervention, both groups showed signif-
icant improvements in handgrip strength, measured by dynamometry (p = .004), as
well as in the 30-second Arm Curl test (p < .001). One group followed a traditional
resistance training program, while the other performed exercises using a circuit train-
ing method, but both approaches led to meaningful gains in upper-body strength [49].
A study conducted between June 2018 and May 2019 assessed quality of life and life
satisfaction in 198 postmenopausal women over 50 years old, attending osteoporosis
clinics in Lodz. Tools used included the QUALEFFO-41. Participants had a mean age
of 72.3 years and a mean BMI of 25.7 kg/m?. Overall, quality of life was rated as mod-
erate, with a QUALEFFO-41 mean score of 40.3. Women who had lived with osteo-
porosis for 6-10 years reported the lowest life satisfaction, and longer disease dura-
tion was associated with a decline in overall quality of life [50]. A recent cross-sec-
tional investigation assessing quality of life via the SF-36 instrument demonstrated
that, beyond the presence of osteoporosis, both nutritional status and the integrity of
bone microarchitecture were significantly associated with variations in QoL scores.
These findings underscore the multifactorial nature of quality-of-life determinants,
highlighting how intricate biological and physiological factors converge to shape the
subjective well-being of postmenopausal women [51]. Individuals who are both frail
and have a high fear of falling report a markedly greater deterioration in quality of
life compared with those who are not frail and do not fear falling. This indicates that
fear of falling can exacerbate the functional and psychological limitations associated
with frailty, leading to a poorer overall perception of health. Additionally, the influ-
ence of factors such as advanced age, low daily physical activity, history of falls, and
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the presence of comorbidities underscores the multifactorial nature of quality of life
among older women with osteoporosis [16]. In a study [18] conducted on a cohort of
262 women aged 60-65 years, including 135 participants with clinically diagnosed
osteoporosis and 127 age-matched healthy controls, a comprehensive assessment of
physical fitness and fall risk was performed using standardized functional evaluation
tools. Physical fitness was examined through the Senior Fitness Test (SFT). The ap-
plication of these instruments enabled a multidimensional analysis of functional ca-
pacity, balance, mobility, and postural stability in both groups. The findings demon-
strated that women with osteoporosis exhibited significantly lower levels of physical
fitness compared with healthy participants, with the most pronounced differences
observed in measures of upper- and lower-body flexibility. These deficits may be in-
terpreted as a consequence of osteoporotic-related musculoskeletal deterioration, in-
cluding reduced joint mobility, muscle weakness, and adaptive movement patterns
aimed at minimizing pain or fracture risk. Such functional limitations can negatively
influence overall movement efficiency and compromise the ability to perform activi-
ties of daily living.

5. Limitations

Several limitations of the present study should be considered when interpreting
the findings. First, the relatively small sample size may restrict the generalizability of
the results to the broader population of postmenopausal women with osteopenia or
osteoporosis. Future investigations including larger samples would be valuable for
confirming the observed effects.

Second, although the intervention protocol was carefully standardized, individ-
ual differences in daily physical activity levels and lifestyle habits outside the super-
vised sessions were not strictly controlled and may have influenced the outcomes.

Another limitation is that the study focused primarily on functional perfor-
mance and quality-of-life indicators without including additional physiological or
biomechanical measures that could provide a more detailed understanding of the
mechanisms underlying the observed improvements.

Finally, the duration of follow-up was limited to the intervention period, and
therefore it remains unclear whether the observed benefits would be maintained over
a longer time after the completion of the exercise program.

Despite these limitations, the present findings contribute to the growing evi-
dence supporting the role of structured resistance training as an effective non-phar-
macological approach for improving functional capacity and well-being in postmen-
opausal women with reduced bone density.

6. Conclusions

The 12-month resistance training program led to significant improvements in
physical performance among postmenopausal women with osteoporosis, including
increases in Arm Curl, Chair Stand, and handgrip strength (dominant and non-dom-
inant). Pain levels were substantially reduced in the exercise group compared to con-
trols, demonstrating a clinically meaningful effect of strength training on pain man-
agement. Health-related quality of life improved markedly in participants perform-
ing exercises, with significant benefits observed in ADL, housework, mobility, leisure
activities, perceived general health, and mental well-being. Multiple regression anal-
yses indicated that post-intervention performance in both upper- and lower-limb
strength tests was a strong independent predictor of reduced pain, highlighting the
direct impact of muscular improvements on pain perception. Negative correlations
between physical performance and pain further suggest that gains in muscle function
contribute to better overall quality of life. These findings reinforce the essential role
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of resistance exercise as a non-pharmacological intervention for postmenopausal os-
teoporosis, offering comprehensive benefits for functional capacity, independence in
daily activities, and psychological well-being.
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