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Purpose: This study aimed to compare the analgesic efficacy of minodronate versus alendronate for postmenopausal osteoporosis- 
related low back pain and evaluate age-dependent treatment responses.
Methods: In this prospective, open-label randomized controlled trial, 72 postmenopausal women with osteoporosis were stratified by 
age (≥75 vs <75 years) and allocated to 24-week treatment with daily minodronate (1 mg) or alendronate (10 mg). The primary 
endpoint was Visual Analogue Scale score changes from baseline to week 12. Secondary outcomes included age-stratified changes in 
lumbar spine and hip bone mineral density, along with serum bone turnover markers across different age groups (≥75 vs <75 years).
Results: Both regimens demonstrated comparable analgesic efficacy, with significant within-group Visual Analogue Scale reductions 
(minodronate: 11.08±1.52%; alendronate: 9.86±1.29%; P<0.01 for both) but no between-group difference (P=0.237). At week 24, 
comparable lumbar bone mineral density improvements were observed (minodronate: 2.42%, 95% CI 1.8–3.1; alendronate: 4.84%, 
95% CI 3.9–5.7; P=0.103). Marked bone turnover markers suppression persisted in both arms (CTX: 46.14% vs 41.25%; P1NP: 
44.82% vs 44.11%). Age-stratified analyses revealed comparable therapeutic responses across subgroups (P>0.05). Safety profiles 
were similar, with adverse event rates of 29.7% (minodronate) versus 43.2% (alendronate) (P=0.10), predominantly mild upper 
gastrointestinal symptoms.
Conclusion: Both bisphosphonates demonstrated equivalent analgesic efficacy and comparable bone mineral density and biochemical 
effects, with age-independent responses. Safety profiles were similar, supporting clinical selection based on dosing convenience and 
gastrointestinal tolerance.
Trial Registration: ClinicalTrials.gov number: NCT05673980 (08/12/2022).

Plain Language Summary: This open-label trial demonstrated that minodronate and alendronate achieved comparable pain relief, 
bone mineral density improvement, and bone turnover markers suppression over 24 weeks, with similar safety profiles and age- 
independent efficacy. These findings support their equivalent analgesic and bone effects, guiding clinical selection based on dosing 
convenience and gastrointestinal tolerance. 
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Introduction
Low back pain represents a prevalent clinical manifestation of osteoporosis,1 imposing substantial burdens on both 
quality of life and long-term health outcomes in affected individuals.2–4 The cause of the pain in osteoporosis patients is 
multifactorial, potentially involving vertebral fractures, muscle spasms, nerve compression, or degenerative changes in 
the spine.5 However, the specific mechanisms underlying osteoporosis-related low back pain remain incompletely 
understood, and further research is needed to elucidate these pathways. Moreover, pain further exacerbates bone loss.6 

Pain relief greatly improves how patients feel, which is beneficial for increasing medication compliance in osteoporosis 
patients. Isphosphonates, a class of anti-osteoporosis drugs, have been reported to exhibit analgesic effects in some 
studies.7 The proposed mechanisms include inhibition of osteoclast activity, reduction of inflammatory cytokines, and 
modulation of nociceptive pathways.7,8 However, the exact analgesic mechanisms of bisphosphonates remain unclear, 
and further investigation is warranted to clarify their role in pain management.

With aging, osteoporosis has become an important public health problem worldwide. The prevalence of osteoporosis 
in women worldwide is 23.1%, whereas the incidence of osteoporosis among men worldwide is 11.7%.9 Owing to the 
coexistence of multiple diseases and the use of multiple drugs, the response of older people to anti-osteoporosis 
pharmacotherapies may be different from that of patients of other ages. In addition, the levels of bone turnover markers 
(BTMs), bone mineral density (BMD), fracture incidence and low back pain associated with osteoporosis also change 
with age.10–12 BMD can serve as a surrogate endpoint in clinical research on osteoporosis. BTMs are important 
diagnostic and therapeutic indicators for osteoporosis in clinical practice. BTMs include bone resorption markers and 
bone formation markers, and the changes in BTMs usually occur earlier than those in BMD. The International Council 
for Harmonization of Technical Requirements for Pharmaceutical for Human Use (ICH) guideline E7 emphasizes the 
importance of including older people in clinical trials, particularly those who are 75 years old or older.13 The 
organizations including the FDA have reiterated the urgent need for research and treatment of osteoporosis in such 
individuals.

Minodronate is the third generation of bisphosphonate,14 which has a low incidence of adverse reactions. A ten-year 
real-world study results revealed the lowest incidence of minodronate-related osteonecrosis of the jaw (ONJ) and typical 
femoral fractures (AFFs).15 Minodronate does not undergo metabolism or transformation within the body and is excreted 
primarily unchanged through the kidneys.16 With age, renal function declines, particularly in individuals older than 75. 
Bisphosphonate is not inherently nephrotoxic, however, it may cause renal function impairment in patients with 
preexisting renal dysfunction.17 Alendronate and zoledronate have been investigated in elderly populations, providing 
valuable reference for the use of bisphosphonates in the geriatric group.18,19 Currently, the effect of minodronate has not 
been previously studied in the older osteoporosis population, making it crucial to evaluate the impact of age on the 
efficacy and safety of minodronate. This study aimed to compare the analgesic efficacy of minodronate versus 
alendronate for postmenopausal osteoporosis-related low back pain and evaluate age-dependent treatment responses.

Materials and Methods
Study Design
The aim of this study was to compare the efficacy of minodronate and alendronate in the treatment of low back pain in 
postmenopausal osteoporosis patients (Minodronate vs Alendronate Pain Study, “MAPS”), while also evaluating the 
effects of these treatments on BMD and BTMs across different age groups. This was a head-to-head, single-center, 
randomized, open-label controlled trial with a duration of 24 weeks. The participants were randomly allocated to receive 
either minodronate or alendronate. The trial was structured into two distinct phases, each lasting 12 weeks. In the first 
phase, minodronate or alendronate was administered once daily for 12 weeks. In the second phase, all the subjects 
stopped minodronate or alendronate for 12 weeks.

This study has been registered in a clinical trial registry (clinicaltrial.gov, ID: NCT05673980 on 08/12/2022). Ethical 
approval for the study protocol was granted by the Peking University Third Hospital Medical Science Research Ethics 
Committee, with approval number M2022828. The study was conducted in accordance with the principles of the 
Declaration of Helsinki. The study protocol adheres to the CONSORT 2010 checklist of information to include when 
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reporting a randomised trial. The trial protocol is available at “Efficacy and safety of minodronate in the treatment of 
postmenopausal osteoporosis with low back pain: a single-centre, randomized and open-label controlled trial. (DOI: 
10.1186/s13063-024-8364-7)”.17 Prior to their participation, each subject enrolled in the study provided their written 
informed consent.

Participants
Postmenopausal women aged >50 years diagnosed with osteoporosis were prospectively enrolled. The trial was initiated 
on January 1, 2023, with recruitment concluding on April 11, 2024, yielding a final cohort comprising 80 participants. 
Using a stratified randomization protocol, subjects were allocated in a 1:1 ratio to receive either daily oral minodronate 
(1 mg/day) or alendronate (10 mg/day). Age-based stratification ensured proportional representation, with participants 
aged≥75 years and those aged <75 years assigned at a 1:2 allocation ratio to maintain demographic balance across 
treatment arms.

The study’s inclusion criteria were as follows: postmenopausal women with chronic low back pain (≥3 months 
duration), a VAS score exceeding 30 mm, and sufficient vitamin D status (serum 25-hydroxyvitamin D>20 ng/mL). The 
exclusion criteria included secondary osteoporosis, prior use of medications influencing bone metabolism, and the 
presence of any conditions that could confound bone metabolism assessments. Eligible subjects meeting these criteria 
were invited to participate in the trial.

The participants in the study were administered either oral administration of alendronate or minodronate daily for 
a period of 12 weeks, after which drug administration was discontinued. Throughout the trial, a total of 5 in-person 
follow-up visits were planned. Back pain was evaluated using 100 mm VAS scores (0 = no pain, 100 = worst pain 
possible). The patients’ VAS scores were recorded via weekly telephone follow-ups over a 12-week period. Vital signs, 
BTMs, serum calcium, and serum phosphorus were measured during the screening period, on day 1, and in weeks 8, 12 
and 24. Blood parameters, liver function, renal function, electrocardiogram results and BMD were monitored during the 
screening period and at weeks 12 and 24. The safety assessment was mainly based on the occurrence of gastrointestinal 
adverse reactions after oral administration.

Randomization and Study Interventions
The participants were randomly assigned to different treatment groups by local investigators utilizing a randomization 
envelope system, which effectively concealed the allocation sequence. A series of random numbers was generated using 
SPSS software. These random numbers, along with their corresponding serial numbers, were used to determine the 
assignment of subjects to either the minodronate or alendronate group, ensuring that the allocation process was both 
opaque and unbiased.

The participants were administered a daily oral dose of either minodronate or alendronate in the morning over a 12- 
week treatment period. All the subjects received supplementary oral calcium carbonate and vitamin D3 (containing 
600 mg of calcium and 125 IU of vitamin D3) after dinner, which was maintained throughout the entire study duration to 
ensure consistent calcium and vitamin D3 supplementation. If any subjects were to experience a sudden exacerbation of 
low back pain with a VAS score of 70 or higher, they would uniformly receive rescue medication (acetaminophen) for 
treatment, and the duration of pain relief treatment would not exceed 5 days.

Outcome Assessment
The primary endpoint was VAS score changes from baseline to week 12. Secondary outcomes included age-stratified 
changes in lumbar spine and hip BMD, along with serum BTMs across different age groups (≥75 vs <75 years).

Sample Size Calculation and Power
This was an exploratory study with a small sample size. The number of participants was determined based on 
a randomized controlled trial published in the Journal of Bone and Mineral Metabolism in 2013.20 In this study, a 1:1 
design method was adopted to estimate the sample size required by the T test of two independent samples, and α=0.05, 
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1-β=0.90, considering a 10% loss to follow-up rate. A total of 72 patients were included in the alendronate group and the 
minodronate group, of whom 24 were in the older subgroup and 48 were in the very senior subgroup.

Statistical Analysis
Statistical Analysis Datasets
There were three statistical analysis datasets, including intention-to-treat (ITT) sets, per-protocol (PP) sets and safety sets. 
All the subjects included in this study were included in the ITT analysis sets. The PP sets were used for sensitivity 
analysis. Primary and secondary outcomes were analyzed according to ITT and PP principles. In addition, all the subjects 
who received treatment were included in the safety sets, which were used in the analysis of vital signs, laboratory tests 
and adverse effects (AEs).

The Kaplan‒Meier survival curve and Log rank test were used to analyze the primary outcomes and secondary 
outcomes. The generalized linear mixed model was used to control the baseline imbalance and central effect, and the 
different centers were set as fixed effects. Quantitative data are expressed as the mean ± standard deviation, and a t test 
was used to compare the data. For comparisons between groups, all hypothesis tests were two-sided (α=0.05, unless 
otherwise specified). P<0.05 was considered statistically significant. The confidence intervals for all tests were 95%.

Investigations were conducted to assess changes in the VAS score, BTMs and BMD, including a comparison of the 
number of subjects who showed significant changes from baseline using χ2 tests and an assessment of the difference in 
mean values with t tests.

All the statistical analyses were conducted using SPSS 26.0 (IBM, Armonk, NY, USA) and R 4.2.2 software 
(www.r-project.org).

Results
Baseline Characteristics and Follow-Up
A total of 108 subjects were screened in this study, and a total of 80 subjects signed informed consent forms. 40 subjects 
were randomly assigned to receive minodronate, and 40 subjects were assigned to receive alendronate. The full analysis 
set consisted of 37 subjects in the minodronate group and 37 subjects in the alendronate group. Among these subjects, 74 
subjects completed the 24-week treatment of the trial. During the trial period, no patients initiated the use of rescue 
medication (acetaminophen). The results show no significant differences between the ITT and PP analyses. Efficacy 
analyses were performed on the ITT population (74 subjects). The flow chart of this trial is shown in Figure 1.

There were no significant differences between the two groups in terms of age, time since menopause, body mass 
index (BMI), VAS scores, BMD, CTX, P1NP, Ca or P. The median age was 66.52 years in this population. The baseline 
demographic and clinical characteristics are presented in Tables 1 and S1.

VAS Scores
The minodronate group demonstrated earlier onset of pain reduction, with significant decreases in VAS scores emerging 
at Week 2, followed by progressive improvement in a time-dependent manner. By Week 4, this group achieved a 10% 
reduction from baseline VAS scores, a magnitude attained one week later (Week 5) in the alendronate group. At the 12- 
week endpoint, minodronate-treated subjects exhibited a mean VAS reduction of 11.08 mm (95% CI: 9.2–12.9) from 
baseline, compared to 9.86 mm (95% CI: 8.1–11.6) in the alendronate group. While both interventions showed significant 
within-group improvements, comparative analysis revealed no statistically significant between-group differences in VAS 
scores at any timepoint. Notably, minodronate consistently outperformed in reducing VAS scores from baseline across all 
measurement intervals, as shown by the temporal trajectories in Figure 2 and detailed in the longitudinal data of 
Table S2.

BMD
Following 12 weeks of treatment, the minodronate group exhibited lumbar spine and hip BMD increases of 2.02% and 
1.03%, respectively, from baseline. Comparatively, the alendronate group showed greater lumbar gains (3.13%) but 
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marginally lower hip improvements (0.81%). Notably, both therapies demonstrated sustained efficacy through a 12-week 
post-treatment observational period. Minodronate displayed progressive BMD accrual, achieving cumulative increases of 
2.42% (lumbar) and 1.58% (hip) at week 24, whereas alendronate maintained its lumbar improvement (3.13%) with 
attenuated hip gains (0.81%) relative to baseline. The BMD change from baseline (Figure 2 and Table S3) and the values 
of BMD (Figure S1) confirm these differential patterns of skeletal response.

Figure 1 Study flow chart.

Table 1 Baseline Characteristics of the Patients

ITT PP

Minodronate Alendronate p Minodronate Alendronate p

N 37 37 37 36

Age (years) 66.41±8.03 66.62±8.06 0.715 66.41±8.03 66.31±8.04 0.812
Menopausal age (years) 49.76±4.99 49.30±4.96 0.420 49.76±4.99 49.25±4.91 0.391

Age group (%)

< 75 year 24 (64.86) 25 (67.57) 24 (64.86) 24 (66.67)
≥ 75 year 13 (35.14) 12 (32.43) 13 (35.14) 12 (33.33)

Body mass index (kg/m2) 25.03±2.81 24.71±2.80 0.901 25.03±2.81 24.91±2.84 0.921

VAS score (mm) 38.65±7.79 42.03±8.78 0.552 38.65±7.79 41.85±8.74 0.631
Bone mineral density (g/cm2)

Lumbar spine 0.76±0.09 0.74±0.12 0.372 0.76±0.09 0.75±0.11 0.541

Total hip 0.72±0.12 0.70±0.11 0.825 0.72±0.12 0.71±0.23 0.841

(Continued)
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BTMs
At the 12-week treatment endpoint, minodronate induced reductions in bone resorption (CTX: 64.88%, 95% CI: 68.2 to 
61.6) and bone formation (P1NP: 50.35%, 95% CI: 53.1 to 47.6) relative to baseline. Alendronate demonstrated 
comparable suppression (CTX: 63.09%, P1NP: 46.04%), with overlapping confidence intervals indicating no significant 
between-group differences. Both therapies exhibited sustained biochemical suppression during the 12-week post- 
treatment follow-up (Week 24). Minodronate maintained greater attenuation of bone turnover (CTX: 46.14%, P1NP: 
44.82%) compared to alendronate (CTX: 41.25%, P1NP: 44.11%), though intergroup comparisons remained statistically 
non-significant. The changes in baseline CTX and P1NP modulation are detailed in Figure 2 and Table S3, with the 
concentrations provided in Figure S2.

The Impact of Age on BTMs and BMD
In the minodronate-treated cohort, participants aged ≥75 years (older subgroup) demonstrated lumbar spine and hip BMD 
increases of 0.44% and 1.31%, respectively, at Week 12, whereas those aged <75 years (senior subgroup) exhibited 
greater lumbar gains (2.91%) but reduced hip improvements (0.88%). In contrast, alendronate-treated participants 
showed no significant inter-subgroup differences in lumbar or hip BMD changes. The analysis revealed no statistically 
significant age-dependent disparities in lumbar BMD response to either therapy at weeks 12 or 24. However, pooled 
analysis across treatment arms identified a consistent trend: participants aged ≥75 years exhibited numerically greater 
lumbar BMD increments from baseline compared to senior counterparts (mean difference: 1.2%, P = 0.13). Age-stratified 
BMD values are detailed in Figure S3.

Both minodronate and alendronate induced significant reductions in serum CTX and P1NP levels across all age 
groups, with initial decreases observed as early as week 8 of treatment (Figure S4). These biomarkers remained 
persistently suppressed throughout the treatment period, demonstrating sustained pharmacodynamic effects that persisted 
even after drug discontinuation. Age-related differences in treatment response were specifically noted in CTX reduction 
at week 8, with the senior group showing greater suppression compared to the older cohort (69.60±17.66% vs 60.58 
±28.99% reduction from baseline, respectively; P=0.036). However, this age-dependent variation was transient, as 
subsequent time points revealed no significant age-related differences in either CTX or P1NP levels. Figures 3 and S4 
comprehensively illustrates the effects of aging on multiple clinical parameters, including VAS scores, BMD changes, 
and bone turnover marker dynamics. The data demonstrate that while age influenced early treatment response magnitude, 
it did not substantially affect the duration of biochemical suppression achieved through bisphosphonate therapy.

Adverse Events
Both minodronate and alendronate demonstrated favorable safety profiles, with no serious adverse events reported during 
the trial period. Gastrointestinal tolerability in the minodronate group remained comparable to baseline levels throughout 
treatment. A comparative safety analysis revealed distinct adverse event patterns: the minodronate group exhibited lower 

Table 1 (Continued). 

ITT PP

Minodronate Alendronate p Minodronate Alendronate p

Bone turnover markers

OC (ng/mL) 21.59±7.32 20.46±8.74 0.683 21.59±7.32 20.96±8.62 0.742
P1NP (ng/mL) 55.14±21.29 56.53±25.08 0.436 55.14±21.29 56.13±24.92 0.491

CTX (ng/mL) 0.50±0.20 0.57±0.28 0.093 0.50±0.20 0.56±0.25 0.101

Ca (mmol/L) 2.46±0.08 2.44±0.12 0.688 2.46±0.08 2.44±0.12 0.688
P (mmol/L) 1.24±0.17 1.23±0.13 0.151 1.24±0.17 1.22±0.10 0.102

Izumo scale questionnaire

Heartburn 1.7±1.2 1.7±1.3 0.874 1.7±1.2 1.7±1.3 0.874
Epigastralgia 2.1±1.7 2.2±1.6 0.761 2.1±1.7 2.1±1.2 0.872
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Figure 2 Changes in Pain VAS Scores, LBMD, HBMD, CTX, and P1NP from baseline in the minodronate and alendronate groups using Intention-to-Treat Analysis. 
(a) Changes in Pain VAS Scores from baseline in the minodronate and alendronate groups. (b) Changes in LBMD from baseline in the minodronate and alendronate 
groups. (c) Changes in HBMD from baseline in the minodronate and alendronate groups. (d) Changes in CTX from baseline in the minodronate and alendronate 
groups. (e) Changes in P1NP from baseline in the minodronate and alendronate groups. Light blue represents the minodronate group, and dark blue represents the 
alendronate group.
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Figure 3 Effect of age on VAS, BMD, and BTMs in the minodronate and alendronate groups using Intention-to-Treat Analysis. (a–g) The effect of age on VAS, BMD, and 
BTMs in the minodronate group. (f–j) The effect of age on VAS, BMD, and BTMs in the alendronate group. Light blue represents the senior group, and dark blue represents 
the older group.
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incidence rates of nausea (5.4% vs 10.8%), vomiting (0% vs 5.4%), and constipation (2.7% vs 5.4%) relative to the 
alendronate group. However, both therapies showed similar rates of belching (8.1% vs 13.5%), dizziness (8.1% vs 5.4%), 
tachycardia (2.7% vs 2.7%), and diarrhea (2.7% vs 5.4%). The complete safety data, including adverse event frequencies 
and intergroup comparisons, are detailed in Table 2.

Discussion
Our findings show that both minodronate and alendronate can effectively reduce low back pain and suppress bone 
turnover in postmenopausal osteoporosis patients. The results of the endpoints show no significant differences between 
the ITT and PP analyses. Although the minodronate group had greater numerical improvements in pain relief than the 
alendronate group, the intergroup difference was not statistically significant.These findings align with previous studies 
indicating bisphosphonates can quickly relieve pain in osteoporosis patients.21 The observed analgesic effects, particu
larly the rapid pain reduction within the first treatment phase, hold clinical relevance regardless of intergroup differences.

While both agents increased lumbar BMD, the numerically greater gain with alendronate (4.84% vs 2.42%) suggests 
potential differential effects on bone formation, warranting further investigation. Notably, sustained BMD improvement 
persisted after 12-week discontinuation, consistent with bisphosphonates’ prolonged skeletal retention.22 A 5-year 
extended observational study of alendronate in the United States revealed that alendronate remained effective even 
after discontinuation, with a sustained increase in lumbar BMD and a sustained reduction in fracture risk.23,24 The 
significant decrease in BTMs further confirms the effective suppression of bone resorption by both drugs. Minodronate 
and alendronate both had long-term inhibitory effects on CTX and P1NP, which is consistent with their known effects on 
reducing bone turnover and fracture risk.

Osteoporosis patients often experience back pain, which may be related to osteoclast-mediated bone resorption.25 

Excessive osteoclast activity activates acid-sensing ion channel protein ASIC-3 and transient receptor potential vanilloid 
subtype 1 (TRPV1), acidifying the local microenvironment. This lowers the local tissue pH, heightens nociceptor 
sensitivity, and thus causes pain.26 Minodronate is 10–100 times more active for the inhibition of bone resorption than 
alendronate is,27 which may account for the superior improvement in VAS scores observed with minodronate compared 
to alendronate.

Minodronate effectively inhibits farnesyl pyrophosphate synthase. It has a lower affinity for bone matrix hydro
xyapatite at both neutral and acidic pH levels, suggesting reduced binding to the bone matrix hydroxyapatite.28,29 In vitro 
studies have demonstrated that, compared with the elution time of alendronate, the relative elution time ratio order was as 
follows: zoledronic acid = alendronate > risedronate > minodronate.28,29 In vivo studies have shown that after 
intravenous injection in rats, alendronate has the highest percentage of skeletal retention within 24 hours, whereas 
minodronate has the lowest percentage of skeletal retention.29 These studies collectively suggest that minodronate resides 
in bone tissue for a shorter duration and binds to bone matrix hydroxyapatite to a lesser extent in circulation. Following 
a 12-week discontinuation of bisphosphonate therapy, our findings demonstrated a significant increase in BTMs, with 
minodronate showing a greater increase than alendronate, suggesting a quicker clearance of minodronate from the body. 

Table 2 The Adverse Effect of Two Group

Minodronate, n (%) Alendronate, n (%) p

No. of patients 37 37 0.412
Any AE 11 (29.7) 16 (43.2) 0.101

Nausea 2 (5.4) 4 (10.8) 0.312

Vomiting 0 (0.0) 2 (5.4) 0.541
Belching 3 (8.1) 5 (13.5) 0.643

Dizziness 3 (8.1) 2 (5.4) 0.452

Tachycardia 1 (2.7) 1 (2.7) >0.99
Diarrhea 1 (2.7) 2 (5.4) 0.871

Constipation 1 (2.7) 2 (5.4) 0.871
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Although minodronate deposits less in the skeleton, its lower affinity allows for more effective release during bone 
resorption, thereby exerting potent antiresorptive activity in vivo.

Safety considerations further distinguish these agents. Minodronate’s attenuated hydroxyapatite binding correlates 
with reduced skeletal deposition, potentially lowering risks of osteonecrosis of the jaw (ONJ) and atypical fractures.30 

Minodronate’s lower affinity for bone means it deposits less, likely explaining its lower adverse reaction rate. Due to this 
characteristic, minodronate may permit a shorter drug holiday prior to tooth extraction. Data from the Japanese Adverse 
Drug Event Report database showed that minodronate had the lowest incidence of osteonecrosis of the jaw among all 
bisphosphonates.15 This characteristic advantage may permit shorter drug holidays prior to dental procedures, particu
larly beneficial for elderly patients with comorbid dental conditions.

Age-stratified analyses revealed consistent therapeutic responses across geriatric subgroups. Additionally, the levels 
of hormones, particularly estrogen and testosterone, decrease with age, and play a critical role in maintaining bone 
density and metabolism, resulting in impaired osteoblast function and enhanced osteoclast activity.31 Furthermore, the 
older population often experiences nutritional deficiencies, particularly in calcium and vitamin D, which adversely affect 
bone formation and mineralization.32 These factors contribute to a low turnover state of bone metabolism in the older 
population, increasing the risk of osteoporosis. Minodronate can reduce the expression of BTMs rapidly. In our study, 
there was a swift decline in CTX following minodronate administration, particularly at the 8th week, where the decrease 
was more pronounced in the minodronate group, especially among the older population. These findings suggest that 
minodronate may have a significant effect on bone turnover rates in the older population, particularly in the early stages 
of treatment. Osteoclasts facilitate bone resorption by creating an acidic environment within the resorption lacunae, 
which dissolves the hydroxyapatite crystals in the bone matrix.33 Minodronate has the lowest affinity for bone matrix 
hydroxyapatite among all bisphosphonates at acidic pH values, implying that it can be more readily released from the 
bone matrix during bone resorption, thereby exerting potent antiresorptive activity in vivo.34 This mechanism may help 
explain the rapid suppression of the bone turnover rate in elderly patients by minodronate.

Our study only focused on female osteoporosis patients, which restricts the generalizability of our findings to other 
demographics. Also, strict inclusion criteria led to a study group with few medical comorbidities and a limited fracture 
history, causing a low fracture incidence during the trial. This narrow demographic scope and low fracture event rate may 
limit the wider application of our results, and should be taken into account when interpreting the study outcomes.

Conclusions
Minodronate and alendronate showed equivalent efficacy in improving BMD, reducing bone turnover markers (CTX, 
P1NP), and alleviating pain (VAS scores), with no significant intergroup differences. Age did not influence therapeutic 
outcomes. Both agents exhibited comparable safety profiles consistent with bisphosphonate class effects.
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