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Abstract

:

(1) Background: Lumbar spinal stenosis (LSS) causes uncomfortable neuropathic symptoms, which can negatively affect osteoporosis. The aim of this study was to investigate the effect of LSS on bone mineral density (BMD) in patients treated with one of three oral bisphosphonates (ibandronate, alendronate and risedronate) for initially diagnosed osteoporosis. (2) Methods: We included 346 patients treated with oral bisphosphonates for three years. We compared annual BMD T-scores and BMD increases between the two groups according to symptomatic LSS. The therapeutic efficacies of the three oral bisphosphonates in each group were also evaluated. (3) Results: Annual and total increases in BMD were significantly greater in group I (osteoporosis) compared to group II (osteoporosis + LSS). The total increase in BMD for three years was significantly greater in the ibandronate and alendronate subgroups than that in the risedronate subgroup (0.49 vs. 0.45 vs. 0.25, p < 0.001). Ibandronate showed a significantly greater increase in BMD than that of risedronate in group II (0.36 vs. 0.13, p = 0.018). (4) Conclusions: Symptomatic LSS may interfere with the increase in BMD. Ibandronate and alendronate were more effective in treating osteoporosis than risedronate. In particular, ibandronate was more effective than risedronate in patients with both osteoporosis and LSS.
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1. Introduction


Osteoporosis is a systemic skeletal disorder characterized by fragile bones and more susceptibility to fractures. Although osteoporosis can occur in men, older women are at the highest risk due to low estrogen levels after menopause [1]. Most women are prescribed a bisphosphonate (BP) such as alendronate, risedronate, ibandronate or zoledronate as the first treatment option for osteoporosis [2,3]. As the elderly population increases, the prevalence of osteoporosis continues to increase. In 2010, the estimated prevalence of adults aged 50 or older was 10.3% (10.2 million) in the United States [4]. Osteoporosis and related complications can have serious economic effects on society and on individual quality of life. The burden of disease should be reduced by raising awareness of osteoporosis [5].



Similar to the high prevalence of osteoporosis in elderly patients, lumbar spinal stenosis (LSS) is also mainly caused by degeneration in the facet joints, intervertebral discs and ligaments narrowing the spinal canal and compressing the nerve roots [6]. LSS is a common and disabling cause of lower back and leg pain in elderly people. LSS affects an estimated 103 million people worldwide and 11% of the elderly in the United States [7]. LSS can cause various neurological symptoms, as follows: (1) leg or buttock discomfort aggravated when walking; (2) symptom relief while bending forward; (3) low back pain associated with such movement, including leaning forward to relieve symptoms; (4) motor or sensory changes when walking; and (5) weakness of the lower limbs [8]. These neurological symptoms of LSS decrease the physical activities of patients [9]. LSS can negatively affect the treatment of osteoporosis due to reduced daily activities.



Although the effect of LSS on osteoporosis has not been reported, our previous study revealed that symptomatic LSS may inhibit an increase in BMD in patients receiving ibandronate for initially diagnosed osteoporosis [10]. In the multivariate analysis, only LSS with symptoms was a risk factor in the inhibiting persistent increase in BMD (odds ratio = 0.316). The purpose of this study was to extend the results and evaluate the therapeutic efficacies of BPs in patients treated with one of three oral BPs (ibandronate, alendronate and risedronate). We aimed to evaluate the effect of LSS on BMD and to compare the increases in BMD in patients treated with three oral BPs for initially diagnosed osteoporosis.




2. Materials and Methods


2.1. Study Population


We retrospectively reviewed data from 1521 consecutive female patients who were initially diagnosed with postmenopausal osteoporosis in a single institution from January 2008 to December 2018. Clinical parameters of age, gender, BMD and body mass index (BMI) were evaluated using patients’ electronic medical records.



The inclusion criteria were (1) an annual BMD evaluation after the initial BMD evaluation that initially confirmed osteoporosis for three years (four BMD evaluations) and (2) oral bisphosphonate treatments (ibandronate, alendronate and risedronate) for three years. The dosages were 150 mg of ibandronate taken once monthly, 70 mg of alendronate taken once weekly or 35 mg of risedronate taken once weekly. All patients received vitamin D (800 international units/day) and calcium (600 mg/day) as an adjuvant therapy.



The exclusion criteria were (1) the continuous use of steroid hormones for the treatment of diseases, (2) a previous surgery or fractures of the lower extremities or spine, (3) a severe medical condition or malignant tumor that reduces physical activity and (4) a gait disorder due to causes other than LSS. After exclusion, 346 patients remained for analysis in this study. The study protocol was approved by the institutional review board (PC18RESE0034), ensuring compliance with the ethical guidelines of the Declaration of Helsinki 1975. Because of the retrospective study design, the need to obtain informed patient consent was waived by the institutional review board.




2.2. Diagnosis of Lumbar Spinal Stenosis


At the time of diagnosis of osteoporosis, the patients were divided into two groups according to symptomatic LSS. Among the patients who received oral BP medication for osteoporosis, those not complaining about LSS symptoms were included in group I (osteoporosis). Group II comprised patients with osteoporosis and symptomatic LSS (osteoporosis + LSS) (Figure 1). The inclusion criteria for symptomatic LSS were neurological symptoms consistent with central lumbar stenosis in magnetic resonance imaging (MRI) [11]. According to Lee’s MRI-based classification for central stenosis, patients with grade-two or three stenoses were included [12]. Patients with central lumbar stenosis, combined with concomitant lateral recess stenosis or foraminal stenosis in MRI, were also included [13,14].



The neurological symptoms of LSS included intermittent claudication and pain in the lower back, buttocks and/or posterior thighs that worsened with standing and walking and improved with sitting or leaning forward [6].



All patients were treated in a conservative manner with medications and epidural steroid injections for symptomatic LSS [15]. Steroid injections were performed only three or fewer times using 5 mg of dexamethasone. Patients undergoing spinal surgery due to worsening stenosis or failure of conservative treatment during the follow-up period were excluded from this study [16].




2.3. Measurement of Bone Mineral Density


Osteoporosis was diagnosed through dual-energy X-ray absorptiometry (DXA) (Lunar Prodigy; GE Healthcare Bio-Sciences Corp., Piscataway, NJ, USA). A total of four BMD T-score values were assessed initially and at 1-, 2-, and 3-year follow-ups. A BMD T-score ≤ −2.5 in the lumbar spine (total) or femur (neck or total) was defined as osteoporosis, and BMDs during follow-ups were measured in the same body region in which the initial osteoporosis had been diagnosed [17]. Discordant BMD values of the spine with aortic calcification and lumbar spondylosis were excluded. Discordant BMD values of the spine were defined as a discrepancy of >1 standard deviation in the T-score between adjacent vertebrae [18].



An annual increase in BMD for each group was measured as the difference in average BMD between two consecutive years (annual increase in BMD = index year BMD—previous year’s BMD). The total increase in BMD over three years was measured as the difference between the initial average BMD and the average three-year BMD (total increase in BMD = BMD at three-year follow-up—initial BMD). In this study, the changes in BMD were evaluated using T-scores.




2.4. Statistical Analyses


Perioperative continuous variables, presented as means and standard deviations, were compared between group I and group II using Student’s t-test, and categorical variables were compared using Fisher’s exact test. Analyses of variance with post hoc analysis using Bonferroni’s method were used to compare the parameters among the three oral bisphosphonates (ibandronate, alendronate and risedronate) in each group. Statistical analyses were performed using SPSS software (IBM SPSS Statistics for Windows, Version 24.0, IBM Corp., Armonk, NY, USA) with a level of statistical significance of 0.05.





3. Results


3.1. Comparisons between Groups I and II


In group I, 178 female patients with an average age of 74.8 ± 7.9 years were included; 168 female patients with an average age of 74.6 ± 8.3 years were included in group II. The BMIs and compositions of the three oral BPs were similar between the two groups (all p > 0.05). Although the initial BMD T-score and BMD T-score at the one-year follow-up were similar, those at the two-year and three-year visits were significantly greater in group I (−3.17 ± 0.66 vs. −3.36 ± 0.61, p = 0.006 at two years; −3.09 ± 0.49 vs. −3.31 ± 0.62, p < 0.001 at three years). The annual increase in BMD was significantly greater in group I than that in group II (0.29 ± 0.32 vs. 0.19 ± 0.33 at one year; 0.13 ± 0.29 vs. 0.06 ± 0.36 at two years; 0.11 ± 0.28 vs. 0.04 ± 0.33 at three years, all p < 0.05). Moreover, the total increase in BMD in group I over three years was significantly greater than that in group II (0.53 ± 0.47 vs. 0.28 ± 0.45, p < 0.001) (Table 1, Figure 2).




3.2. Comparison of the Three Oral BPs


Among the total 346 patients treated with oral bisphosphonates for three years, 142 used ibandronate, and 104 and 100 female patients were treated with alendronate and risedronate, respectively. The mean ages and BMIs were similar among the three BPs. The initial BMD T-score was significantly greater in the ibandronate group than that in the risedronate group (−3.67 ± 0.54 vs. −3.48 ± 0.57, p = 0.025 with a post hoc test). Increases in BMD at one year in the ibandronate and alendronate groups were significantly greater than those in the risedronate group (0.29 ± 0.31 vs. 0.29 ± 0.33 vs. 0.12 ± 0.33, p < 0.001). In a post hoc analysis, both ibandronate and alendronate groups had greater BMD increases at one year than those of the risedronate group (all p < 0.05). The total increase in BMD over three years in the ibandronate and alendronate groups was also significantly greater than that in the risedronate group (0.49 ± 0.46 vs. 0.45 ± 0.51 vs. 0.25 ± 0.43, p < 0.001). In a post hoc analysis, both ibandronate and alendronate groups had greater BMD increases over three years than that in the risedronate group (all p < 0.05) (Table 2).




3.3. Comparison of the Three Oral BPs within Each Group


The annual BMD T-scores and changes in BMD based on the type of BP in both LSS with or without osteoporosis groups are presented in Table 3. In group I, 76 patients used ibandronate, and 49 and 53 patients were treated with alendronate and risedronate, respectively. The mean ages and BMIs were similar among the three types of BP. The initial and annual BMD T-scores were not significantly different among the groups (all p > 0.05). However, BMD increases at one year in the ibandronate and alendronate groups were significantly greater than those in the risedronate group (0.34 ± 0.28 vs. 0.34 ± 0.32 vs. 0.16 ± 0.35, p = 0.002). The total increase in BMD over three years in the ibandronate and alendronate groups was significantly greater than that in the risedronate group (0.59 ± 0.40 vs. 0.62 ± 0.53 vs. 0.35 ± 0.46, p = 0.003). In a post hoc analysis, BMD increases at one year and over three years in both the ibandronate and alendronate groups were significantly greater than those in the risedronate groups (all p < 0.05) (Figure 3a).



In group II, 66 patients used ibandronate, and 55 and 47 patients were treated with alendronate and risedronate, respectively. The mean ages and BMIs were similar among the three types of BP. The initial and annual BMD T-scores were not significantly different among the groups (all p > 0.05). However, BMD increases at one year in the ibandronate and alendronate groups were significantly greater than those in the risedronate group (0.23 ± 0.33 vs. 0.24 ± 0.33 vs. 0.07 ± 0.31, p = 0.017). The total increase in BMD over three years was significantly greater in the ibandronate group than that in the risedronate group (0.36 ± 0.49 vs. 0.13 ± 0.38, p = 0.018 at post hoc test). Although the total increase in BMD in the alendronate was greater than that in the risedronate group, it was statistically insignificant (0.30 ± 0.45 vs. 0.13 ± 0.38, p > 0.05 at post hoc test) (Figure 3b).





4. Discussion


As both osteoporosis and LSS occur in elderly patients, the number of comorbid cases has been increasing. In a cross-sectional study, Lee et al. reported that osteoporosis or osteopenia was found in 79.2% of postmenopausal patients complaining of symptomatic LSS [19]. LSS causes various neuropathic symptoms and decreases the patient’s physical activity [9,20]. In our previous study, we demonstrated that BMD increases in only the osteoporosis group were greater than those of both the osteoporosis and LSS group for initially diagnosed osteoporosis treated with ibandronate [10]. In addition, only symptomatic LSS was a risk factor in the inhibiting persistent increase in BMD in the multivariate analysis. The results of the present study using three BPs are consistent with our previous study [10]. The annual increases in BMD were significantly greater in group I than those in group II (0.29 vs. 0.19 at one year; 0.13 vs. 0.06 at two years; 0.11 vs. 0.04 at three years). The total increase in BMD over three years was also significantly greater in group I (0.53 vs. 0.28). We suggested the mechanisms in a previous study. LSS causes neurologic claudication and decreases physical activity. Physical inactivity or walking difficulty due to claudication may be related to decreased BMD [21]. Physical activities can induce maintenance or increase BMD through a physical axial load. Therefore, active treatments for LSS should be undertaken to increase physical activity and BMD in patients with osteoporosis and LSS.



In this study, the therapeutic efficacies of three oral BPs (ibandronate, alendronate and risedronate) were compared. Our results reveal that ibandronate and alendronate had similar efficacy for newly diagnosed osteoporosis. This result is consistent with previous studies. In the results of the MOTION study, Miller et al. reported that monthly 150 mg ibandronate and weekly 70 mg alendronate increased 12-month BMD changes by an average of 2.9% and 3.0% in the total hip and 5.1% and 5.8% in the lumbar spine, respectively [22]. In their study, the clinical efficacy of ibandronate was comparable to that of alendronate with similar BMD increases in both the total hip and lumbar spine after 12 months. Moreover, a meta-analysis of randomized controlled trials for postmenopausal osteoporosis demonstrated that monthly ibandronate is equivalent to weekly alendronate, showing BMD increases in both the total hip and lumbar spine. However, monthly ibandronate is strongly preferred over weekly alendronate because of its convenience [23]. Cooper et al. also demonstrated the increased persistence of treatment in patients taking monthly ibandronate with patient support compared with weekly alendronate [24]. Increased compliance with bisphosphonate can be expected to improve the treatment of osteoporosis.



Comparing the three oral BPs, the total increase in BMD over three years in the ibandronate and alendronate groups was greater than that in the risedronate group (0.49 ± 0.46 vs. 0.45 ± 0.51 vs. 0.25 ± 0.43). This result is consistent with a previous study in which patients were treated with these same three oral BPs. Paggiosi et al. conducted a two-year, open-label, randomized controlled trial of the three oral bisphosphonates in postmenopausal osteoporosis [25]. In that TRIO study, patients were randomized into three groups: (i) ibandronate, 150 mg/month; (ii) alendronate, 70 mg/week; or (iii) risedronate, 35 mg/week. All received calcium (1200 mg/day) and vitamin D (800 IU/day) for two years. In the ibandronate and alendronate groups, BMD increases in the lumbar spine and total body were greater than those in the risedronate group (6.68% vs. 6.84% vs. 3.04% for the lumbar spine; 1.91% vs. 2.19% vs. 1.12% for the total body).



In this study, the increase in total BMD of ibandronate was better than that in the risedronate group in patients with comorbid osteoporosis and LSS. A previous study also reported the greater efficacy of ibandronate for osteoporosis than that of risedronate. Using a database from the Korean National Health Insurance Service, Lee et al. compared the fracture prevention efficacy of ibandronate taken once a month (150 mg) and risedronate (150 mg) taken once a month for Korean women aged 60 years or older from 2006 to 2015 [26]. After propensity score matching for 36,701 patients using once-monthly ibandronate or risedronate, data from 3454 patients in each group were compared. After four years of follow-up, the ibandronate group had significantly lower incidences of non-vertebral and overall fractures than those of the risedronate group [incidence rate ratio (IRR) = 0.798, 95% CI 0.647–0.985, p = 0.036 and IRR = 0.822, 95% CI 0.698–0.968, p = 0.019, respectively]. In terms of compliance, ibandronate may be better than risedronate. Chung et al. reported that postmenopausal osteoporotic women in Korea strongly preferred monthly ibandronate over weekly risedronate due to convenience [27]. In the monthly ibandronate group, gastrointestinal side effects such as nausea and abdominal distension were fewer than those in the weekly risedronate group.



This study has some limitations. First, objective measures for walking time and bone turnover markers were not assessed because of the retrospective study design. Questionnaires on daily activities or bone turnover markers can help identify the mechanism. Second, the compliance of patients was not evaluated despite reported low compliance with oral bisphosphonates. However, compliance was not expected to be low because we included patients with a follow-up period of more than three years. Third, male patients were not included in this study because ibandronate is only allowed for female patients. In addition, a consistent protocol for which to use bisphosphonate was not applied. Finally, we evaluated only the effect of osteoporosis treatment, not the effect of fracture prevention. Further studies are needed to extend the results into other types of osteoporosis medication, including denosumab and bone-forming agents such as romosozumab and teriparatide. It is also necessary to study how active treatment for LSS, such as spinal surgery, helps treat osteoporosis. Despite these limitations, this study is the first to evaluate the effect of LSS on BMD in patients receiving one of three oral bisphosphonates (ibandronate, alendronate and risedronate) for newly diagnosed osteoporosis.




5. Conclusions


Symptomatic LSS interfered with treatment in patients with newly diagnosed osteoporosis. Ibandronate and alendronate were more effective in treating osteoporosis than risedronate. In particular, ibandronate was more effective than risedronate in patients with comorbid osteoporosis and LSS. Therefore, to increase BMD in patients with both osteoporosis and LSS, active treatment for LSS is needed, and ibandronate may be the preferred treatment among the three BPs. However, further trials are needed to validate the results of this study and extend them to other drugs.







Author Contributions


Conceptualization, H.-Y.P. and J.-S.L.; investigation, G.-U.K. and H.-Y.J.; data curation, Y.-S.J.; writing—original draft preparation, H.-Y.P. and J.-H.R.; writing—review and editing, K.-W.K. and J.-S.L.; supervision, K.-W.K.; project administration, J.-S.L.; funding acquisition, H.-Y.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research was supported by the Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of Education (2021R1I1A1A01059501).




Institutional Review Board Statement


This study was conducted in accordance with the Declaration of Helsinki and was approved by the Institutional Review Board of Eunpyeong St. Mary’s Hospital (PC18RESE0034).




Informed Consent Statement


Patient consent was waived due to the retrospective study design.




Data Availability Statement


Original data will be made available upon reasonable request.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of this study; in the collection, analyses or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Tu, K.N.; Lie, J.D.; Wan, C.K.V.; Cameron, M.; Austel, A.G.; Nguyen, J.K.; Van, K.; Hyun, D. Osteoporosis: A Review of Treatment Options. Pharm. Ther. 2018, 43, 92–104. [Google Scholar]

	



Jang, H.D.; Kim, E.H.; Lee, J.C.; Choi, S.W.; Kim, H.S.; Cha, J.S.; Shin, B.J. Management of Osteoporotic Vertebral Fracture: Review Update 2022. Asian Spine J. 2022, 16, 934–946. [Google Scholar] [CrossRef] [PubMed]

	



Ensrud, K.E. Bisphosphonates for Postmenopausal Osteoporosis. JAMA 2021, 325, 96. [Google Scholar] [CrossRef]

	



Wright, N.C.; Looker, A.C.; Saag, K.G.; Curtis, J.R.; Delzell, E.S.; Randall, S.; Dawson-Hughes, B. The recent prevalence of osteoporosis and low bone mass in the United States based on bone mineral density at the femoral neck or lumbar spine. J. Bone Miner. Res. 2014, 29, 2520–2526. [Google Scholar] [CrossRef] [PubMed]

	



Atik, O.S.; Gunal, I.; Korkusuz, F. Burden of osteoporosis. Clin. Orthop. Relat. Res. 2006, 443, 19–24. [Google Scholar] [CrossRef] [PubMed]

	



Kwon, J.W.; Moon, S.H.; Park, S.Y.; Park, S.J.; Park, S.R.; Suk, K.S.; Kim, H.S.; Lee, B.H. Lumbar Spinal Stenosis: Review Update 2022. Asian Spine J. 2022, 16, 789–798. [Google Scholar] [CrossRef]

	



Katz, J.N.; Zimmerman, Z.E.; Mass, H.; Makhni, M.C. Diagnosis and Management of Lumbar Spinal Stenosis: A Review. JAMA 2022, 327, 1688–1699. [Google Scholar] [CrossRef]

	



Tomkins-Lane, C.; Melloh, M.; Lurie, J.; Smuck, M.; Battié, M.C.; Freeman, B.; Samartzis, D.; Hu, R.; Barz, T.; Stuber, K.; et al. ISSLS Prize Winner: Consensus on the Clinical Diagnosis of Lumbar Spinal Stenosis: Results of an International Delphi Study. Spine 2016, 41, 1239–1246. [Google Scholar] [CrossRef]

	



Johnsson, K.E. Lumbar spinal stenosis. A retrospective study of 163 cases in southern Sweden. Acta Orthop. Scand. 1995, 66, 403–405. [Google Scholar] [CrossRef]

	



Park, H.Y.; Ha, J.Y.; Kim, K.W.; Baek, I.H.; Park, S.B.; Lee, J.S. Effect of lumbar spinal stenosis on bone mineral density in osteoporosis patients treated with ibandronate. BMC Musculoskelet. Disord. 2021, 22, 412. [Google Scholar] [CrossRef]

	



Kim, G.-U.; Park, W.T.; Chang, M.C.; Lee, G.W. Diagnostic Technology for Spine Pathology. Asian Spine J. 2022, 16, 764–775. [Google Scholar] [CrossRef] [PubMed]

	



Lee, G.Y.; Lee, J.W.; Choi, H.S.; Oh, K.J.; Kang, H.S. A new grading system of lumbar central canal stenosis on MRI: An easy and reliable method. Skelet. Radiol. 2011, 40, 1033–1039. [Google Scholar] [CrossRef]

	



Wildermuth, S.; Zanetti, M.; Duewell, S.; Schmid, M.R.; Romanowski, B.; Benini, A.; Böni, T.; Hodler, J. Lumbar spine: Quantitative and qualitative assessment of positional (upright flexion and extension) MR imaging and myelography. Radiology 1998, 207, 391–398. [Google Scholar] [CrossRef] [PubMed]

	



Steurer, J.; Roner, S.; Gnannt, R.; Hodler, J. Quantitative radiologic criteria for the diagnosis of lumbar spinal stenosis: A systematic literature review. BMC Musculoskelet. Disord. 2011, 12, 175. [Google Scholar] [CrossRef]

	



Hong, J.Y.; Song, K.S.; Cho, J.H.; Lee, J.H.; Kim, N.H. An Updated Overview of Low Back Pain Management. Asian Spine J. 2022, 16, 968–982. [Google Scholar] [CrossRef] [PubMed]

	



Choi, J.Y.; Park, S.M.; Kim, H.J.; Yeom, J.S. Recent Updates on Minimally Invasive Spine Surgery: Techniques, Technologies, and Indications. Asian Spine J. 2022, 16, 1013–1021. [Google Scholar] [CrossRef]

	



Kanis, J.A.; Cooper, C.; Rizzoli, R.; Reginster, J.Y. European guidance for the diagnosis and management of osteoporosis in postmenopausal women. Osteoporos. Int. 2019, 30, 3–44. [Google Scholar] [CrossRef]

	



Wong, C.P.; Gani, L.U.; Chong, L.R. Dual-energy X-ray absorptiometry bone densitometry and pitfalls in the assessment of osteoporosis: A primer for the practicing clinician. Arch. Osteoporos. 2020, 15, 135. [Google Scholar] [CrossRef]

	



Lee, B.H.; Moon, S.H.; Kim, H.J.; Lee, H.M.; Kim, T.H. Osteoporotic profiles in elderly patients with symptomatic lumbar spinal canal stenosis. Indian J. Orthop. 2012, 46, 279–284. [Google Scholar] [CrossRef]

	



Shamji, M.F.; Mroz, T.; Hsu, W.; Chutkan, N. Management of Degenerative Lumbar Spinal Stenosis in the Elderly. Neurosurgery 2015, 77 (Suppl. S4), S68–S74. [Google Scholar] [CrossRef]

	



Fahrleitner-Pammer, A.; Obernosterer, A.; Pilger, E.; Dobnig, H.; Dimai, H.P.; Leb, G.; Kudlacek, S.; Obermayer-Pietsch, B.M. Hypovitaminosis D, impaired bone turnover and low bone mass are common in patients with peripheral arterial disease. Osteoporos. Int. 2005, 16, 319–324. [Google Scholar] [CrossRef] [PubMed]

	



Miller, P.D.; Epstein, S.; Sedarati, F.; Reginster, J.Y. Once-monthly oral ibandronate compared with weekly oral alendronate in postmenopausal osteoporosis: Results from the head-to-head MOTION study. Curr. Med. Res. Opin. 2008, 24, 207–213. [Google Scholar] [CrossRef] [PubMed]

	



Lee, Y.H.; Song, G.G. Efficacy and safety of monthly 150 mg oral ibandronate in women with postmenopausal osteoporosis: A systematic review and meta-analysis of randomized controlled trials. Korean J. Intern. Med. 2011, 26, 340–347. [Google Scholar] [CrossRef] [PubMed]

	



Cooper, A.; Drake, J.; Brankin, E. Treatment persistence with once-monthly ibandronate and patient support vs. once-weekly alendronate: Results from the PERSIST study. Int. J. Clin. Pract. 2006, 60, 896–905. [Google Scholar] [CrossRef] [PubMed]

	



Paggiosi, M.A.; Peel, N.; McCloskey, E.; Walsh, J.S.; Eastell, R. Comparison of the effects of three oral bisphosphonate therapies on the peripheral skeleton in postmenopausal osteoporosis: The TRIO study. Osteoporos. Int. 2014, 25, 2729–2741. [Google Scholar] [CrossRef]

	



Lee, D.R.; Lee, J. Comparison of the efficacy between once-monthly oral ibandronate and risedronate among Korean women with osteoporosis: A nationwide population-based study. Osteoporos. Int. 2019, 30, 659–666. [Google Scholar] [CrossRef]

	



Chung, Y.S.; Lim, S.K.; Chung, H.Y.; Lee, I.K.; Park, I.H.; Kim, G.S.; Min, Y.K.; Kang, M.I.; Chung, D.J.; Kim, Y.K.; et al. Comparison of monthly ibandronate versus weekly risedronate in preference, convenience, and bone turnover markers in Korean postmenopausal osteoporotic women. Calcif. Tissue Int. 2009, 85, 389–397. [Google Scholar] [CrossRef]








[image: Jcm 12 02027 g001 550] 





Figure 1. Flow chart of patient inclusion in this study. 
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Figure 2. Annual BMD changes between two groups. * indicates p < 0.05. 
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Figure 3. Annual changes in BMD according to type of BP in (a) group I and (b) group II. * indicates p < 0.05 in a post hoc analysis. 
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Table 1. Patient characteristics and BMD T-scores between the two groups.
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	Parameters
	Group I

(Osteoporosis)
	Group II

(Osteoporosis + LSS)
	p-Value





	Patient number
	178
	168
	



	Female:male
	178:0
	168:0
	1.000



	Age (years)
	74.8 ± 7.9
	74.6 ± 8.3
	0.834



	BMI (kg/m2)
	23.7 ± 3.1
	23.2 ± 3.0
	0.401



	Ibandronate:alendronate:risedronate
	76:49:53
	66:55:47
	0.571



	BMD T-score
	
	
	



	 Initial
	−3.62 ± 0.50
	−3.60 ± 0.63
	0.620



	 1-year F/U
	−3.34 ± 0.47
	−3.40 ± 0.49
	0.248



	 2-year F/U
	−3.17 ± 0.66
	−3.36 ± 0.61
	0.006



	 3-year F/U
	−3.09 ± 0.49
	−3.31 ± 0.62
	<0.001



	Annual change in BMD
	
	
	



	 1-year F/U
	0.29 ± 0.32
	0.19 ± 0.33
	0.007



	 2-year F/U
	0.13 ± 0.29
	0.06 ± 0.36
	0.028



	 3-year F/U
	0.11 ± 0.28
	0.04 ± 0.33
	0.026



	Total change in BMD
	0.53 ± 0.47
	0.28 ± 0.45
	<0.001







Note: BMD—bone mineral density; LSS—lumbar spinal stenosis; BMI—body mass index; F/U—follow-up.
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Table 2. Annual BMD T-scores and changes in BMD according to the three different types of BP.
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	Ibandronate

(I)
	Alendronate

(A)
	Risedronate

(R)
	p-Value

Post hoc Test





	Patient number
	142
	104
	100
	



	Female:male
	142:0
	104:0
	100:0
	1.000



	Age (years)
	74.6 ± 8.5
	75.1 ± 8.4
	74.6 ± 7.2
	0.829



	BMI (kg/m2)
	23.3 ± 2.8
	23.4 ± 3.2
	23.6 ± 3.2
	0.885



	BMD T-score
	
	
	
	



	 Initial
	−3.67 ± 0.54
	−3.64 ± 0.58
	−3.48 ± 0.57
	0.022

I vs. R = 0.025



	 1-year F/U
	−3.38 ± 0.48
	−3.36 ± 0.55
	−3.36 ± 0.0.57
	0.913



	 2-year F/U
	−3.30 ± 0.54
	−3.25 ± 0.56
	−3.22 ± 0.83
	0.668



	 3-year F/U
	−3.19 ± 0.55
	−3.19 ± 0.57
	−3.23 ± 0.57
	0.858



	Annual change in BMD
	
	
	
	



	 1-year F/U
	0.29 ± 0.31
	0.29 ± 0.33
	0.12 ± 0.33
	<0.001

I vs. R < 0.001

A vs. R = 0.001



	 2-year F/U
	0.10 ± 0.38
	0.10 ± 0.33
	0.08 ± 0.24
	0.832



	 3-year F/U
	0.09 ± 0.34
	0.06 ± 0.32
	0.06 ± 0.24
	0.588



	Total change in BMD
	0.49 ± 0.46
	0.45 ± 0.51
	0.25 ± 0.43
	<0.001

I vs. R < 0.001

A vs. R = 0.004







Note: BMD—bone mineral density; LSS—lumbar spinal stenosis; BMI—body mass index; F/U—follow-up.
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Table 3. Annual BMD T-scores and changes in BMD according to the three different types of BP in each group.
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Parameters

	
Group I (Osteoporosis, n = 178)

	
Group II (Osteoporosis + LSS, n = 168)




	
Ibandronate

(I)

	
Alendronate

(A)

	
Risedronate

(R)

	
p-Value

Post hoc Test

	
Ibandronate

(I)

	
Alendronate

(A)

	
Risedronate

(R)

	
p-Value

Post hoc Test






	
Patient number

	
76

	
49

	
53

	

	
66

	
55

	
47

	




	
Female:male

	
76:0

	
49:0

	
53:0

	
1.000

	
66:0

	
55:0

	
47:0

	
1.000




	
Age (years)

	
75.0 ± 8.4

	
74.7 ± 8.4

	
74.6 ± 6.9

	
0.958

	
74.0 ± 8.7

	
75.5 ± 8.4

	
74.5 ± 7.6

	
0.606




	
BMI (kg/m2)

	
23.7 ± 3.3

	
23.9 ± 2.9

	
23.6 ± 3.3

	
0.944

	
23.1 ± 2.7

	
22.8 ± 3.5

	
23.9 ± 3.3

	
0.683




	
BMD T-score

	

	

	

	

	

	

	

	




	
 Initial

	
−3.70 ± 0.46

	
−3.63 ± 0.51

	
−3.51 ± 0.53

	
0.099

	
−3.64 ± 0.62

	
−3.66 ± 0.64

	
−3.44 ± 0.61

	
0.170




	
 1-year F/U

	
−3.36 ± 0.40

	
−3.29 ± 0.50

	
−3.35 ± 0.52

	
0.694

	
−3.41 ± 0.56

	
−3.42 ± 0.60

	
−3.37 ± 0.63

	
0.921




	
 2-year F/U

	
−3.25 ± 0.46

	
−3.09 ± 0.42

	
−3.12 ± 0.99

	
0.338

	
−3.34 ± 0.62

	
−3.40 ± 0.63

	
−3.33 ± 0.59

	
0.860




	
 3-year F/U

	
−3.11 ± 0.43

	
−3.01 ± 0.51

	
−3.16 ± 0.55

	
0.286

	
−3.33 ± 0.65

	
−3.35 ± 0.63

	
−3.30 ± 0.58

	
0.820




	
Annual change in BMD

	

	

	

	

	

	

	

	




	
 1-year F/U

	
0.34 ± 0.28

	
0.34 ± 0.32

	
0.16 ± 0.35

	
0.002

I vs. R = 0.004

A vs. R = 0.009

	
0.23 ± 0.33

	
0.24 ± 0.33

	
0.07 ± 0.31

	
0.017

I vs. R = 0.031

A vs. R = 0.031




	
 2-year F/U

	
0.11 ± 0.28

	
0.20 ± 0.35

	
0.12 ± 0.24

	
0.205

	
0.10 ± 0.46

	
0.02 ± 0.28

	
0.04 ± 0.24

	
0.476




	
 3-year F/U

	
0.15 ± 0.25

	
0.09 ± 0.35

	
0.08 ± 0.26

	
0.311

	
0.03 ± 0.41

	
0.04 ± 0.30

	
0.03 ± 0.22

	
0.983




	
Total change in BMD

	
0.59 ± 0.40

	
0.62 ± 0.53

	
0.35 ± 0.46

	
0.003

I vs. R = 0.007

A vs. R = 0.015

	
0.36 ± 0.49

	
0.30 ± 0.45

	
0.13 ± 0.38

	
0.021

I vs. R = 0.018








Note: BMD—bone mineral density; LSS—lumbar spinal stenosis; BMI—body mass index; F/U—follow-up.
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