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Objective:  Osteosarcoma and its treatment protocols may disrupt bone mineral 

homeostasis, reduce bone mineral density (BMD), and alter neurotrophic factors such 

as brain-derived neurotrophic factor (BDNF). This study aimed to investigate the 

effects of an 8-week Pilates training program combined with vitamin D 

supplementation on serum mineral-related biomarkers, BDNF, and BMD in women 

with osteosarcoma. 

Methods and Materials: Fifty women with medically stable osteosarcoma (age: 

29.50 ± 0.79 years; BMI: 23.65 kg/m²) participated in this randomized controlled trial. 

After screening and eligibility assessment, participants were randomly assigned to five 

groups (n = 10/group): Pilates + vitamin D (ExD), Pilates + placebo (ExP), Pilates only 

(Ex), vitamin D only (D), and control (CO). The Pilates intervention consisted of 

supervised sessions three times per week for 8 weeks (24 sessions total). Participants 

in supplementation groups received 5000 IU vitamin D3 weekly for 8 weeks. 

Supplement/placebo administration and outcome assessment were blinded. 

Findings: Eight weeks of combined Pilates and vitamin D supplementation were 

associated with significant improvements in serum calcium (p = 0.003), magnesium (p 

= 0.002), phosphorus (p = 0.01), BDNF (p = 0.01), and BMD (p = 0.01) compared 

with control conditions. Post-hoc analyses indicated that the ExD group demonstrated 

greater improvements than control and single-intervention groups (p ≤ 0.05). 

Conclusion: Combined Pilates training and vitamin D supplementation may improve 

serum mineral-related biomarkers, BDNF, and BMD-related outcomes in women with 

osteosarcoma. Larger and longer-term studies are needed to confirm these preliminary 

findings. 
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Density; Mineral Homeostasis 
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1. Introduction 

odern rehabilitation strategies increasingly 

emphasize the integration of targeted exercise 

programs with nutritional interventions to optimize bone 

health and recovery outcomes. Among these, the 

combination of structured physical activity including low-

impact modalities such as Pilates and vitamin D 

supplementation has gained attention for its potential 

complementary effects on bone metabolism, mineral 

homeostasis, and neurotrophic factors such as brain-derived 

neurotrophic factor (BDNF). This integrative approach may 

be particularly relevant in clinical populations with 

compromised skeletal integrity, including patients with 

osteosarcoma. 

Osteosarcoma is the most common primary malignant 

bone tumor, predominantly affecting adolescents and young 

adults. It is characterized by aggressive bone destruction, 

altered bone remodeling, and significant impairments in 

bone mineral density (BMD). In addition to the direct effects 

of the tumor, treatments such as chemotherapy and surgical 

resection further exacerbate bone loss, reduce physical 

function, and impair quality of life. Consequently, 

identifying safe and effective rehabilitation strategies that 

can improve bone metabolism and functional outcomes in 

these patients is of considerable clinical importance (1). 

Vitamin D plays a central role in regulating calcium–

phosphorus homeostasis and bone remodeling. It enhances 

intestinal calcium absorption and contributes to osteoblast 

and osteoclast regulation (2). In patients with cancer, 

including osteosarcoma, vitamin D deficiency is relatively 

common and has been associated with poorer bone health 

and increased fracture risk (3). However, systematic reviews 

indicate that its effect on BMD is inconsistent across 

populations, particularly when used as a standalone 

intervention (4, 5). These findings highlight the importance 

of combining supplementation with other interventions, such 

as exercise. 

Exercise, particularly weight-bearing and resistance-

based activity, is widely recognized as a key stimulus for 

bone adaptation. Mechanical loading can stimulate 

osteogenic responses and contribute to improvements in 

bone strength and musculoskeletal function (6, 7). 

Structured exercise interventions in cancer populations have 

been associated with improvements in physical function, 

musculoskeletal health, and potentially bone-related 

outcomes, although evidence remains heterogeneous (8). 

Pilates, as a low-impact and controlled exercise modality, 

may represent a feasible option in clinical populations due to 

its emphasis on postural control, flexibility, and 

neuromuscular coordination. 

Recent evidence suggests that structured exercise 

approaches, including low-impact modalities, may improve 

balance, muscle strength, and functional mobility, which are 

critical for reducing fall risk and maintaining skeletal 

integrity (8). In addition to skeletal adaptations, exercise has 

also been associated with changes in neurotrophic factors 

such as BDNF, which plays an important role in neuronal 

function and may also be involved in bone-related processes 

(9, 10). 

Emerging evidence suggests that vitamin D may interact 

with neurobiological pathways, including those related to 

BDNF regulation, although these mechanisms are not fully 

understood (11). This raises the possibility of 

complementary effects between exercise and vitamin D in 

influencing both skeletal and neurophysiological outcomes. 

However, despite these promising findings, there is limited 

research specifically examining the combined effects of 

Pilates training and vitamin D supplementation in 

osteosarcoma patients. 

Another important consideration is the role of 

inflammation in bone metabolism among cancer patients. 

Chronic inflammation may disrupt bone remodeling by 

increasing osteoclast activity and inhibiting osteoblast 

function (12). 

In summary, the integration of structured exercise and 

vitamin D supplementation represents a potentially valuable 

approach for improving bone health and neurobiological 

function in osteosarcoma patients. Therefore, the present 

study aims to investigate the effects of an 8-week Pilates 

training program combined with vitamin D supplementation 

on mineral-related biomarkers, BDNF levels, and bone 

mineral density in women with osteosarcoma. 

2. Methods and Materials 

The present study was approved by the Ethics Committee 

of Shahid Chamran University of Ahvaz 

(IR.SCU.REC.1404.147). The research was conducted in 

accordance with ethical principles for medical research, and 

all participants provided written informed consent before 

participation. 

Participants 

After the invitation to participate in the study, 100 women 

were screened. After review of the inclusion criteria, 80 

individuals were eligible. Finally, 50 participants were 

M 

https://jpsad.com
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randomly selected and allocated to the five study groups. 

Participants with osteosarcoma (body mass index: 23.65 

kg/m², age: 29.50 ± 0.79 years, and weight: 62.14 ± 1.31 kg) 

were recruited through a call announcement at Sadr Clinic in 

Tehran. 

The inclusion criteria were as follows: non-smoking 

status, no regular physical activity during the previous year 

(>2 hours/week), ability to perform physical exercise, at 

least four years since osteosarcoma diagnosis, and at least 

two years since bone marrow transplantation, where 

applicable. Participants were excluded if they met any of the 

following criteria: (1) failure to follow the researchers’ 

recommendations, (2) irregular attendance (less than 80% of 

scheduled exercise sessions), (3) changes in the type or 

dosage of prescribed medications during the intervention 

period, or (4) withdrawal of consent or unwillingness to 

continue the intervention. 

After complete explanations about the research process 

and the potential advantages and disadvantages of the study, 

the Physical Activity Readiness Questionnaire (PAR-Q) was 

completed to assess medical history and participants’ 

condition during the intervention. Sample size was 

calculated using G*Power software based on a randomized 

pre-test–post-test design with five groups, a confidence level 

of 95%, statistical power of 80%, and a medium effect size 

(based on available prior exercise-intervention effect-size 

estimates due to limited osteosarcoma-specific data), 

resulting in 50 eligible participants. Participants were then 

randomly divided into five groups: exercise + vitamin D 

(ExD, n = 10), exercise + placebo (ExP, n = 10), exercise 

only (Ex, n = 10), vitamin D only (D, n = 10), and control 

(CO, n = 10). Supplement/placebo administration and 

outcome assessment were blinded. The placebo was 

prepared to be similar to the vitamin D supplement to reduce 

the effect of participant awareness of the intervention. 

During the study, the dropout rate of participants was 

carefully monitored. Any participant who did not attend at 

least 80% of the sessions or did not take the 

supplement/placebo regularly was excluded from the final 

analysis. The average adherence across groups was over 

90%, and no serious adverse events were reported.  

Study Procedure 

This study used an 8-week intervention period consisting 

of 24 Pilates sessions (3 sessions/week). Pre-test 

assessments were conducted before randomization, and 

post-test assessments were performed after completion of 

the 8-week intervention under comparable conditions. 

Exercise training 

The Pilates exercise program was designed for 8 weeks, 

three sessions per week (24 sessions), based on a prior 

Pilates-related intervention study (4). Session duration 

increased from 40 minutes in Weeks 1–2 to 55 minutes in 

Weeks 7–8, including warm-up and cool-down (4). Exercise 

intensity was measured using the rating of perceived 

exertion (RPE) based on the traditional Borg 6–20 scale (4). 

In this scale, 6 corresponds to “no exertion at all” and 20 

corresponds to “maximal exertion”; RPE 9–10 was used for 

warm-up, RPE 14–16 for the main exercises, and RPE 9–10 

for cool-down. Participants were instructed to stop each 

exercise before the final 3–4 repetitions at the difficult level 

equivalent to RPE 16. To determine and control exercise 

intensity, a percentage of maximum heart rate (HRmax) was 

used. Before the 8-week intervention, all participants 

underwent an HRmax assessment test. The test was 

conducted on a cycle ergometer (Monark 828E, Sweden) 

under the supervision of a physician and an exercise 

physiologist. After a 5-minute warm-up at 25 watts with a 

pedaling rate of 50–60 rpm, workload was increased by 25 

watts every 2 minutes until volitional exhaustion or until the 

participant could no longer maintain a pedaling rate above 

50 rpm. Heart rate was continuously recorded using a Polar 

H10 chest strap (Polar Electro, Finland), and the highest 

heart rate achieved during the test was recorded as HRmax. 

Only exercise-assigned groups performed Pilates. Exercise 

intensity was gradually increased according to the principle 

of overload: Weeks 1–3 were performed at 50–55% HRmax, 

Weeks 4–6 at 55–60% HRmax, and Weeks 7–8 at 60–65% 

HRmax. Real-time data recorded by smartwatches during 

exercise allowed continuous monitoring and adjustment of 

activity intensity according to each participant’s 

characteristics (see Supplementary Table 1). 

Table 1. Exercise rehabilitation protocol (Pilates) 

Training Variables Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 

Number of sessions/week 3 3 3 3 3 3 3 3 

Number of sets 3 3 3 3 3 3 3 3 

Repetitions 4 4 5 5 6 6 10 10 

Number of exercises 10 10 11 11 12 12 13 13 

https://jpsad.com
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RPE 14 14 14 15 15 15 15 16 

Intensity (% HRmax) 50–55 50–55 50–55 55–60 55–60 55–60 60–65 60–65 

Rest time (s) 30–60 30–60 30–60 30–60 30–60 30–60 30–60 30–60 

Rest between sets (min) 4 4 4 4 4 3 3 3 

Total session duration (min) 40 40 45 45 50 50 55 55 

Warm-up (min) 10 10 10 10 10 10 10 10 

Cool-down (min) 10 10 10 10 10 10 10 10 

 

Vitamin D  

Patients in supplementation groups received 5000 IU 

vitamin D3 orally once weekly for 8 weeks under physician 

supervision. For consistency, vitamin D status was classified 

throughout the manuscript as: 

 Deficiency: <10 ng/mL  

 Insufficiency: 10–30 ng/mL  

 Sufficiency: ≥30 ng/mL  (14). 

Body Composition and Anthropometric Measures 

Demographic parameters (age, alcohol consumption, 

smoking status, and family history of disease) and body-

composition measures (height, weight, and BMI) were 

recorded before and after the intervention. Age, alcohol 

consumption, smoking status, family history of disease, and 

other health characteristics were obtained using a 

questionnaire. Body composition and physiological 

variables were measured according to the guidelines of the 

International Biological Program (13). BMI was calculated 

by dividing weight (kg) by height squared (m²) (see 

Supplementary Table 2 for descriptive data). 

Table 2. Physical and anthropometric characteristics of the participants 

 

Bone Mineral Density Assessment 

Bone mineral density (BMD) was assessed using dual-

energy X-ray absorptiometry (DXA) (Hologic Inc., 

Marlborough, MA, USA). Lumbar spine BMD (L1–L4) was 

measured by a trained and certified technician following the 

manufacturer's standardized scanning protocol. All 

participants underwent BMD assessment at baseline before 

randomization and again after completion of the 8-week 

intervention under identical measurement conditions. 

Participants were scanned wearing light clothing without 

metal objects, and the same DXA scanner was used for all 

measurements. The DXA system was calibrated daily 

according to the manufacturer's quality-control 

recommendations, and all scans were performed by the same 

Characteristics of participants Groups Pre-Test Post-Test P-value 

Mean SD Mean SD 

Age (years) Control 29.70 .15 - - 0.2 

Vitamin D 29.10 .40 - - 

Exercise 29.70 .21 - - 

Exercise + placebo 29.40 .22 - - 

exercise-Vitamin D 29.60 .16 - - 

Height (cm) Control 162.5 6.2 - - 0.9 

Vitamin D 163.33 3.2 - - 

Exercise 163.5 2.3 - - 

Exercise + placebo 162.2 1.5 - - 

exercise-Vitamin D 164.7 2.31 - - 

Weight (kg) Control 61.80 .46 62.50 .45 0.5 

Vitamin D 62.70 .53 62.40 .42 

Exercise 62.00 .33 62.50 .50 

Exercise + placebo 62.00 .44 61.60 .37 

exercise-Vitamin D 62.20 .24 62.90 .40 

BMI (kg.m2) Control 23.4 0.46 23.66 0.45 0.5 

Vitamin D 23.5 0.53 23.4 0.42 

Exercise 23.57 0.33 23.75 0.50 

Exercise + placebo 23.57 0.44 23.41 0.37 

exercise-Vitamin D 22.95 0.24 23.20 0.40 

* No statistically significant between-group differences were observed for baseline characteristics (P > 0.05). Data normality was assessed using the 

Kolmogorov–Smirnov test. 

https://jpsad.com
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operator to minimize inter-operator variability. BMD values 

were expressed in grams per square centimeter (g/cm²). 

Blood Sampling and Analysis 

Blood samples were collected at two time points: 48 

hours before the intervention and 48 hours after completion 

of the final intervention session. At each time point, 5 mL of 

blood was collected from the brachial vein after an overnight 

fast under physician supervision. Samples were centrifuged 

at 3500 rpm, and serum was separated and stored at −20°C 

until analysis. All blood samples were obtained between 

8:00 and 9:00 a.m. to minimize circadian and nutritional 

variability. 

Samples were allowed to clot at room temperature and 

were centrifuged at 3500 rpm for 10 minutes. Serum was 

separated and stored at −20°C until biochemical analysis. To 

minimize analytical variability, all samples from each 

participant were analyzed within the same assay batch, and 

measurements were performed in duplicate whenever 

possible. 

Serum calcium, magnesium, and phosphorus 

concentrations were measured using commercially available 

colorimetric assay kits (Elabscience Biotechnology Co., 

Wuhan, China) according to the manufacturer’s instructions. 

Serum BDNF concentrations were determined using a 

commercially available enzyme-linked immunosorbent 

assay (ELISA) kit (Elabscience Biotechnology Co., Wuhan, 

China). The intra- and inter-assay coefficients of variation 

(CVs) reported by the manufacturer were <10% and <12%, 

respectively. 

Because serum BDNF concentrations may be influenced 

by platelet degranulation during the clotting process, BDNF 

findings should be interpreted cautiously. No repeated 

freeze–thaw cycles were performed prior to biochemical 

analysis. 

Statistical Method 

Statistical analyses were performed using SPSS software, 

version 26 (IBM Corp., Armonk, NY, USA). Descriptive 

statistics were applied to determine the 

mean and standard deviation (SD) of all measured variables. 

The Kolmogorov–Smirnov test was used to evaluate the 

normality of data distribution. To compare the effects 

between groups, we performed Bonferroni post-hoc tests 

following the two-way mixed ANOVA. Specifically, we 

made two sets of comparisons: (1) each intervention group 

(D, Ex, ExP, and ExD) versus the Control group to assess 

the effect of each intervention relative to no treatment, and 

(2) the ExD group versus each of the other intervention 

groups (ExP, Ex, and D) to evaluate the synergistic effect of 

combining exercise with vitamin D supplementation. All 

post-hoc comparisons were adjusted for multiple 

comparisons, and statistical significance was set at P ≤ 0.05. 

3. Results 

Participant Flow and Adherence 

A total of 100 women were initially screened for 

eligibility. Following assessment of inclusion and exclusion 

criteria, 80 were considered eligible. Fifty participants were 

randomly selected and equally allocated into five groups: 

Exercise + Vitamin D (ExD, n = 10), Exercise + Placebo 

(ExP, n = 10), Exercise only (Ex, n = 10), Vitamin D only 

(D, n = 10), and Control (CO, n = 10). All randomized 

participants completed the intervention and were included in 

the final analysis (n = 50). Exercise adherence in exercise-

containing groups exceeded 90%, with participants 

completing at least 23 of 24 prescribed sessions. Supplement 

adherence in vitamin D groups exceeded 95%. No serious 

adverse events, intervention-related musculoskeletal 

injuries, hypercalcemia-related symptoms, or exercise 

intolerance were reported during the study period. 

Baseline Characteristics 

At baseline, participants demonstrated a mean age of 

29.50 ± 0.79 years, mean body weight of 62.14 ± 1.31 kg, 

and mean BMI of 23.65 kg/m². No statistically significant 

between-group differences were identified for age, height, 

body weight, or BMI (P ≤ 0.05), indicating acceptable 

baseline comparability across groups (Table 2). 

Baseline Vitamin D Status 

At study entry, 41 participants (82%) were classified as 

vitamin D deficient, 7 participants (14%) had insufficient 

vitamin D levels, and only 2 participants (4%) demonstrated 

sufficient vitamin D status, indicating a high prevalence of 

suboptimal vitamin D levels within the study cohort. 

Changes in Serum Mineral Biomarkers 

Serum calcium levels demonstrated a significant group 

effect (F(4,45)=8.214, p=0.003, η²=0.422), with the Exercise 

+ Vitamin D group (ExD) showing the greatest post-

intervention increase compared with the other groups. The 

interaction effect was also significant (F(4,45)=6.108, 

p=0.002, η²=0.351) (Figure 1A). 

Serum magnesium showed a significant between-group 

effect (F(4,45)=9.337, p=0.002, η²=0.454), while the 

interaction effect was also significant (F(4,45)=7.215, 

p=0.001, η²=0.391), with ExD demonstrating the largest 

increase among all study groups (Figure 1B). 

https://jpsad.com
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Serum phosphorus concentrations differed significantly 

between groups (F(4,45)=5.874, p=0.01, η²=0.312). A 

significant interaction effect was also observed 

(F(4,45)=4.963, p=0.011, η²=0.287), indicating greater 

phosphorus improvement in the ExD group (Figure 1C). 

Changes in Serum BDNF Concentrations 

BDNF concentrations demonstrated a significant group 

effect (F(4,45)=6.451, p=0.01, η²=0.336), and the interaction 

effect was also significant (F(4,45)=5.992, p=0.008, 

η²=0.318), with the ExD group exhibiting the highest post-

intervention BDNF concentrations (Figure 2). 

Changes in Bone Mineral Density 

Bone mineral density (BMD) showed a significant 

between-group effect (F (4, 45) =6.208, p=0.010, η²=0.329). 

The interaction effect was also significant (F (4, 45) =5.776, 

p=0.009, η²=0.301), indicating differential changes in 

lumbar spine BMD (L1–L4, g/cm²) across groups. Baseline 

BMD values were within the physiological range 

(approximately 0.70–0.85 g/cm²). The exercise plus vitamin 

D group (ExD) demonstrated the greatest improvement in 

lumbar spine BMD compared with the other groups (Figure 

3). 

Comparative Effects across Study Groups 

Across all measured variables, including serum calcium, 

magnesium, phosphorus, BDNF, and BMD, the Exercise + 

Vitamin D group consistently demonstrated the greatest 

magnitude of improvement. This was followed by Exercise 

+ Placebo and Exercise-only groups, whereas the Control 

group demonstrated the least change. Overall, these findings 

suggest that combining Pilates training with vitamin D 

supplementation may provide broader additive physiological 

benefits than isolated exercise or supplementation alone. 

 

Figure 1. Effects of vitamin D supplementation and Pilates training on serum calcium, magnesium, and phosphorus levels. Data are presented 

as mean ± SEM (n = 10 per group). Statistical analysis was performed using two-way mixed ANOVA with Bonferroni post-hoc correction. 

*p ≤ 0.05, **p ≤ 0.01 versus baseline within group; ns, not significant. 

 

Figure 2. Effects of vitamin D supplementation and Pilates training on serum BDNF levels. Data are presented as mean ± SEM (n = 10 per 

group). Statistical analysis was performed using two-way mixed ANOVA with Bonferroni post-hoc correction. *p ≤ 0.05, **p ≤ 0.01 versus 

baseline within group; ns, not significant. 
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Figure 3. Effects of vitamin D supplementation and Pilates training on bone mineral density (BMD). Data are presented as mean ± SEM (n 

= 10 per group). Statistical analysis was performed using two-way mixed ANOVA with Bonferroni post-hoc correction. *p ≤ 0.05, **p ≤ 

0.01 versus baseline within group; ns, not significant. 

4. Discussion 

The findings of the present study demonstrated that eight 

weeks of Pilates training combined with vitamin D 

supplementation led to significant improvements in mineral-

related biomarkers, increased BDNF levels, and enhanced 

bone mineral density (BMD) in women with osteosarcoma. 

The superiority of the combined intervention compared with 

single interventions suggests potentially beneficial additive 

effects between the mechanical stimulus of exercise and 

vitamin D–related biochemical regulation, a concept that has 

also been highlighted in recent systematic reviews (14, 15). 

From a biological perspective, vitamin D contributes to 

calcium–phosphorus homeostasis and bone remodeling 

through multiple physiological processes, including calcium 

absorption and osteoblast-related regulation (16, 17). In 

vitamin D–deficient populations, correction of deficiency 

may support a more favorable physiological environment for 

bone-related adaptation. Given that the majority of 

participants in this study presented with low baseline vitamin 

D levels, supplementation may have contributed to 

improved mineral-related outcomes; however, because post-

intervention serum 25(OH) D and mechanistic biomarkers 

were not directly measured, these interpretations should be 

considered cautiously. 

Exercise may also contribute to bone adaptation through 

mechanical loading and musculoskeletal stimulation. 

Although Pilates is generally considered a moderate-

intensity modality, its controlled resistance, postural 

demands, and neuromuscular emphasis may provide 

sufficient physiological stimulus to support musculoskeletal 

health, particularly in individuals with reduced physical 

capacity (18-20). This may help explain why exercise-

containing groups demonstrated more favorable outcomes 

than non-exercise controls. 

Some previous studies have reported inconsistent effects 

of vitamin D supplementation alone on BMD (21, 22), 

suggesting that supplementation without adequate physical 

stimulus may have limited structural benefit. In contrast, 

combined interventions involving exercise and nutritional 

support may provide broader physiological advantages, 

particularly in clinically vulnerable populations (14, 15). 

The increase in BDNF observed in the combined group 

represents another potentially relevant finding. Exercise has 

been associated with elevated circulating BDNF, and 

vitamin D may influence neurobiological regulation (23, 

24). Because BDNF may contribute to neuromuscular 

function, the observed increase could reflect broader 

neurophysiological adaptation; however, mechanistic 

pathways underlying this response were not directly 

assessed in the present study. 

The findings suggest that combining Pilates training with 

vitamin D supplementation may produce beneficial 

combined effects on mineral-related outcomes, BDNF, and 

bone health in women with osteosarcoma. Although vitamin 

D–related biological pathways, mechanotransduction, and 

neurotrophic regulation may partially contribute to these 

outcomes, the present study did not directly assess specific 

mechanistic pathways such as VDR signaling, Wnt/β-

catenin activity, IGF-1, inflammatory markers, oxidative 

stress, or parathyroid hormone. Therefore, these proposed 

https://jpsad.com
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mechanisms should be interpreted as theoretical hypotheses 

rather than confirmed physiological explanations. 

In patients with osteosarcoma, prior cancer treatment may 

contribute to impaired bone health, reduced physical 

function, and rehabilitation challenges (25). Therefore, 

multidimensional interventions incorporating appropriately 

supervised exercise and correction of nutritional 

insufficiencies may represent a potentially valuable 

supportive rehabilitation strategy. Recent work in exercise 

oncology similarly emphasizes the importance of integrated 

supportive interventions for improving physical and skeletal 

outcomes in cancer survivors (26). 

Overall, the present findings support the possibility that 

combining Pilates training with vitamin D supplementation 

may improve selected biochemical, neurotrophic, and bone-

related outcomes in women with osteosarcoma. However, 

given the exploratory nature of this study, small sample size, 

and absence of direct mechanistic measurements, larger and 

more rigorous trials are required before definitive 

mechanistic or clinical conclusions can be established. 

4.1 Summary of Strengths, Limitations, and Future 

Directions 

This study is one of the few to evaluate the combined 

effects of Pilates training and vitamin D supplementation in 

women with osteosarcoma using biochemical, neurotrophic, 

and bone-related measures. The randomized multi-group 

design and supervised intervention protocol strengthen the 

comparative value of the findings.  

Several limitations should be considered. The short 

intervention period and modest sample size may limit 

generalizability and reduce the ability to detect longer-term 

skeletal adaptations. Inclusion of women only further limits 

broader applicability. In addition, dietary intake, sunlight 

exposure, and treatment variability were not fully controlled. 

The lack of direct pre/post serum 25(OH)D assessment and 

mechanistic biomarkers also limited biochemical and 

physiological interpretation. 

Future studies should use larger and more diverse 

samples, longer intervention durations, and longitudinal 

follow-up. Including direct vitamin D measurements and 

mechanistic biomarkers would further clarify biological 

pathways and strengthen clinical relevance. 

5. Conclusion  

Combined Pilates training and vitamin D 

supplementation over eight weeks was associated with 

improved mineral-related biomarkers, BDNF, and bone 

mineral density in women with osteosarcoma. These 

preliminary findings suggest that integrating structured 

exercise with nutritional support may offer potential 

rehabilitative value; however, larger and longer-term studies 

are needed to confirm efficacy and clinical applicability. 
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