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Abstract 

High-turnover type bone metabolism derangement has been considered to be one of the major causes of osteoar-

thritis (OA). Bisphosphonates can attach to hydroxyapatite binding sites on bony surfaces, particularly those which are 

undergoing active bone resorption. To evaluate the effectiveness of bisphosphonates in OA treatment, literature data-

bases were searched from inception to February 28, 2016 for clinical studies of bisphosphonates for OA treatment. 

All randomized controlled trials in which bisphosphonates therapy was compared with a placebo or a conventional 

medication, were selected. 15/1145 studies were eligible for analysis, which included 3566 participants. Bisphos-

phonates therapy improved pain, stiffness and function significantly in OA assessed by the Western Ontario and 

McMaster Universities Arthritis Index scale (MD = 4.59; 95 % CI 2.83–6.34; P < 0.00001; MD = 1.43; 95 % CI 0.83–2.23; 

P = 0.0005; MD = 2.01; 95 % CI 1.27–2.75; P < 0.00001). Bisphosphonates also reduced osteophyte score significantly 

(MD = −0.51; 95 % CI −0.84 to −0.19; P = 0.002). However, no significant differences were found in subjective 

improvement, osteoarthritis progression, the number of required acetaminophen treatment or joint replacement. In 

conclusion, bisphosphonates therapy is effective in relieving pain,stiffness and accelerating functional recovery in OA. 

Limitations of the studies we analysed included the differences in duration of bisphosphonates use, the doses and 

types of bisphosphonates and the lack of long-term data on OA joint structure modification after bisphosphonates 

therapy. More targeted studies are required to evaluate on the effectiveness of bisphosphonates for OA treatment.
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Background
Osteoarthritis (OA) is the most common form of arthri-

tis. It is a major cause of disability among the ageing 

population. �e affected joint is undergoing a complex 

combination of degradative and reparative processes 

(Collins et al. 2016a; Palazzo et al. 2016), the mechanism 

of which is still unclear. �ere are currently no treat-

ments that delay or halt OA progression.

�e main clinical manifestations include pain, swell-

ing and disability caused by topical cartilage loss, sub-

chondral bony changes, osteophyte formation and 

synovitis (Liu et al. 2016). OA has long been believed as 

a cartilage disease, but more recent evidence suggests 

that periarticular bone abnormality is also involved in 

the disease initiation and progression (Kalunian 2016). 

Decreased bone mineral content and trabecular numbers 

in subchondral bone structure in the early OA have been 

observed by magnetic resonance imaging (Madry et  al. 

2016). High-turnover type bone metabolism derange-

ment has been considered as a main cause of OA (Collins 

et al. 2016b).

Previous experimental studies on bone anti-resorptive 

agents for OA have shown promising results (Fenty et al. 

2012). �e Duncan-Hartley guinea pig model is a widely 

used spontaneous model of OA progression, which is 

characterized by subchondral bony changes (Sun et  al. 

2015). In rat anterior cruciate ligament transection 

(ACLT) models of KOA, alendronate could protect car-

tilage from degeneration and inhibit subchondral bone 

remodeling (Strassle et al. 2010).
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Bisphosphonates can inhibit bone resorption and there-

fore they are the mainstream medications for osteoporo-

sis. But for OA treatment, there is no official statement 

or guideline for bisphosphonates therapy. Recently, more 

and more evidence have shown bisphosphonates are effec-

tive in OA treatment. Bisphosphonates can suppress local 

bone turnover or inhibit the level of local pro-inflamma-

tory cytokines. Further studies confirmed that defective 

subchondral bone metabolism in OA could alter chon-

drocytes during subchondral bone remodeling. Increased 

subchondral bone turnover may contribute to pain in OA, 

which may be relieved by targeting osteoclasts. Although 

bisphosphonates therapy seems to have positive effects on 

OA, these effects have not been extensively studied. To our 

knowledge, only one systematic review and meta-analy-

sis was conducted with a limited number of poor-quality 

RCTs, which demonstrated limited evidence of bisphos-

phonates for pain relief in OA (Davis et al. 2013). Moreo-

ver, osteoarthritis progression, required acetaminophen 

treatment and joint replacement were not analyzed.

�erefore, this review aims to summarize the results of 

these clinical trials and evaluate the clinical effects, which 

may be useful to clinical practice. �is meta-analysis was 

conducted in accordance with Cochrane guidelines (Hig-

gins and Green 2011).

Methods
Search strategies

All searches were conducted from database MEDLINE, 

PubMed, EMBASE, and the Cochrane Central Register of 

Controlled Trials (CENTRAL) from inception to Febru-

ary 28, 2016. �e MeSH terms we used were (Osteoarthri-

tis) AND (OA) AND (Bisphosphonates). To ensure a more 

complete meta-analysis, we used a maximally sensitive 

search for RCTs according to the Cochrane Highly Sensi-

tive Search Strategy. Systematic review and meta-analysis 

were manually searched as references for included studies.

Inclusion criteria

�e inclusion criteria were (1) RCTs comparing bis-

phosphonates with any control methods, include a pla-

cebo or a conventional medication. And published as 

peer-reviewed indexed papers; (2) patients with estab-

lished OA administering medication or other control 

interventions; (3) studies detailing the type and dosage 

of medications and treatment course; (4) primary out-

comes included visual analogue scale (VAS) pain score, 

WOMAC pain, stiffness, function score and osteophyte 

score, while secondary outcomes included subjective 

improvement, osteoarthritis progression and the number 

of required acetaminophen treatment or joint replace-

ment. Studies reported at least two of the primary out-

comes. (5) Literature in English.

Exclusion criteria

�e exclusion criteria were (1) non-randomized con-

trolled trials; (2) studies without available data; (3) dupli-

cate publications among authors or centers.

Data extraction and quality assessment

Data from all eligible papers were extracted and inde-

pendently verified. Data extracted included study charac-

teristics, patient characteristics, primary and secondary 

outcomes.

Study characteristics included study design, name of 

first author, sample size and follow-up period. Patient 

characteristics included the number of patients, gender, 

affected joint, type of intervention and dosage. If a study 

reported the outcomes of multiple doses of bisphospho-

nates, only data of the maximum dose were extracted 

for analysis. If a study reported the outcomes of multiple 

time points after treatment, only data of the final follow-

up time point was extracted for analysis.

�e methodological quality of each included study 

was evaluated in accordance with the Cochrane Col-

laboration’s risk of bias tool (Higgins and Green 2011), 

which used the following items as random sequence 

generation, allocation concealment, blinding of outcome 

assessors,patients and other participants, incomplete 

outcome data, selective reporting of outcomes and other 

biases. �e bias risk of each item was graded as low, high 

or unclear.

Statistical analysis

All statistical analyses were conducted with RevMan ver-

sion 5.3 software (provided by Cochrane Collaboration). 

Heterogeneity was evaluated with Q tests and I2, and 

P  <  0.10 was determined as significant. If there was no 

or low heterogeneity then the fixed-effects model was 

used. Otherwise, the random-effects model was used. 

�e risk ratio (RR) was calculated for dichotomous data, 

and weighted mean differences (WMD) or standard 

mean differences (SMD) were used for continuous vari-

ables. Both differences were presented with 95 % CI. For 

continuous variables, if data were presented with medi-

ans and ranges, then the means and SDs were calculated 

according to Hozo et al. (2005). If the study presented the 

median and interquartile range, the median was treated 

as the mean, and the interquartile ranges were calculated 

using 1.35 SDs, as described in the Cochrane handbook.

Results
Search results

�e results of the literature search strategy identified a 

total of 1145 papers. 294 full texts were reviewed and a 

total of 15 papers were deemed eligible and included in 

this systematic review (covering a total of 3566 patients, 
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including 1517 in bisphosphonates group and 2049 in 

control groups) (Fig. 1). (Neogi et al. 2008; Rossini et al. 

2015; Laslett et  al. 2014; Nishii et  al. 2013; Arti and 

Azemi 2012; Laslett et al. 2012; Saviola et al. 2012; Fujita 

et al. 2011; Rossini et al. 2009; Fujita et al. 2009; Bingham 

et al. 2006; Spector et al. 2005; Carbone et al. 2004; Fujita 

et al. 2001).

Characteristics of included studies

Of the 15 eligible studies, 1517 patients received bispho-

sphonates therapy, and 2049 patients received control 

interventions. �e baseline characteristics were similar 

among these trials (Table 1).

Methodological quality of studies

�e quality assessment of the trials was performed 

using the Cochrane Collaboration’s Risk of Bias tool. 

�e results of quality assessment illustrated there were 

some methodological limitations in these studies, qual-

ity of which was moderate (Fig.  2). Random sequence 

generation was described clearly in 6 studies (40  %) 

and unclearly in 8 studies (53 %). 3 studies (20 %) had a 

high risk of bias relating to allocation concealment, and 

12 studies (80 %) had an unclear risk of bias relating to 

allocation concealment. Only 7 studies (46.7  %) blinded 

outcome assessors and the blindness in 5 studies (33.3 %) 

were unclear. All RCTs had a low risk of bias relating to 

incomplete outcome data and selective reporting. Biases 

relating to other aspects were unclear.

Meta‑analysis
Primary outcome parameters

VAS pain score: the results of 6 studies (627 patients) 

with combined data indicated that bisphosphonates 

therapy improved pain nosignificantly assessed by VAS 

pain scores (MD = 0.80; 95 % CI −1.13 to 2.73; P = 0.42) 

compared with respective control group (Fig. 3).

WOMAC pain score: the results of 5 studies (1879 

patients) with combined data indicated that bisphos-

phonates therapy improved pain significantly assessed 

by WOMAC pain score (MD = 4.59; 95 % CI 2.83–6.34; 

P  <  0.00001) compared with respective control group 

(Fig. 4).

WOMAC stiffness score: the results of 3 studies (1757 

patients) with combined data indicated that bisphospho-

nates therapy improved stiffness in affected joints signifi-

cantly assessed by WOMAC stiffness score (MD = 1.43; 

95 % CI 0.83–2.23; P = 0.0005) compared with respective 

control group (Fig. 5).

WOMAC function score: the results of 3 studies (1757 

patients) with combined data indicated that bispho-

sphonates therapy improved the function of affected 

joints significantly assessed by WOMAC function scores 

(MD = 2.01; 95 % CI 1.27–2.75; P < 0.00001) compared 

with respective control group (Fig. 6).

Osteophyte score: the results of 4 studies (1125 

patients) with combined data indicated that bispho-

sphonates therapy relieved osteophyte formation in 

affected joints significantly assessed by osteophyte score 

(MD = −0.51; 95 % CI −0.84 to −0.19; P = 0.002) com-

pared with respective control intervention (Fig. 7).

Secondary outcome

�ere were no significant differences in osteoarthritis 

progression (3 studies including 2578 patients), required 

acetaminophen treatment (3 studies including 940 

patients) and joint replacement (3 studies including 424 

patients) between the application of bisphosphonates 

therapy and respective control intervention (Figs. 8, 9, 10, 

11).

Discussion
�is meta-analysis demonstrated bisphosphonates ther-

apy in OA had better effect on joint pain, stiffness and 

function, although it had no better effect on osteoarthri-

tis progression, required acetaminophen treatment and 

joint replacement comparing to other medications. How-

ever, there was some heterogeneity across the included 

studies as for pain, stiffness and function scores, which 

may result from variation in the types or doses of bispho-

sphonates in different studies. When a sensitivity analysis 

was performed, the heterogeneity disappeared.

Current pharmacologic therapies for OA aim majorly 

to symptom control with analgesics, non-steroidal anti-

inflammatory drugs (NSAIDs) and COX-2 inhibitors 

(Smith et  al. 2016). NSAIDs, a most commonly used 

medication in symptomatic OA management, are found 

to be associated with gastrointestinal adverse reaction Fig. 1 Flow chart of study selection
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dose-related risks of renal toxicity and cardiovascular 

diseases (Brown 2013). Glucosamine has been suggested 

as a potential structure-modifying OA drug, but the data 

concerned are inconsistent (Krader 2014). Increased evi-

dence suggests that high turnover metabolism derange-

ment plays an important role in the initiation and 

progression of OA, which has resulted in an increased 

level of interest in drugs that affecting bone metabolism 

may slow the progression of OA (McGrory et al. 2016).

Based on 15 RCTs, this meta-analysis indicated that 

bisphosphonates therapy have better effect in reliev-

ing pain and accelerating functional recovery for OA. In 

our study, there were no significant differences on the 

number of required acetaminophen treatment and joint 

replacement between bisphosphonates therapy and other 

conventional medications. But the causes that patients 

received NSAID were various, and few researchers pro-

vided the details of clinical stage and pathological grade 

of their patients. �erefore, further studies are needed to 

provide more solid evidence.

Quality of the evidence
�e overall methodological quality was moderate, and 

most studies had at least one aspect of unclear or high 

risk of bias. Not all outcome assessors were blinded, 

which may produce performance or measurement biases. 

Selection bias may exist since only 3 studies used allo-

cation concealment. As bisphosphonates are only be 

evaluated as “off label” therapy for OA, there was no cor-

responding standardized treatment guideline. Although 

we had performed sensitivity analysis, the effect of bis-

phosphonates may be underestimated.

Table 1 Characteristics of 15 RCTs included

OST spinal osteophytes, DSN disc-space narrowing, WOMAC Western Ontario McMaster Universities (WOMAC) Osteoarthritis Index, VAS Visual Analogue Scale, JSW: 

joint space width, HS hand strength, NOSPJ number of swollen and painful joints, PGA Patient Global Assessment, LI Lequesne Index, KOOS Knee Injury and OA 

Outcome Score

Authors Study design Number 
of patients

Age
(year)

A�ected joint Diagnostic 
criteria

Duration
(month)

Outcome 
meature

Drugs

Neogi et al. 
(2008)

Randomised 
case–control

200 65.8 ± 6.1
66.1 ± 6.4

Spine Radiographs 24 OST, DSN Alendronate VS 
placebo

Rossini et al. 
(2015)

Double-blind 
randomized

80 66 ± 6 Knee Radiographs 3 WOMAC, VAS Clodronate VS 
placebo

Laslett et al. 
(2014)

Observational 
cohort study

323 59.8 ± 8
66.7 ± 7.4

Knee Radiographs 60 VAS, WOMAC, 
JSW

Bisphosphonates 
used VS Non-
users

Nishii et al. 
(2013)

Non-blinded 
randomised

42 54.7 ± 8.5
58.3 ± 8.8

Hip Radiographs 24 WOMAC, VAS, 
JSW

Alendronate VS 
calcium lactate

Arti and Azemi 
(2012)

Double-blind 
randomized

130 60.9 ± 9.9 Knee Radiographs 3 WOMAC Alendronate VS 
glucosamine

Laslett et al. 
(2012)

Double-blind 
randomised

53 64.2 ± 8.2
60.4 ± 7.3

Knee Radiographs 12 VAS,KOOS; Zoledronic VS 
placebo

Saviola et al. 
(2012)

Non-ran-
domised case 
control

29 60.0 ± 7.1
63.5 ± 7.4

Hand Radiographs 24 VAS, HS, NOSPJ Clodronate VS 
HCQ

Fujita et al. 
(2011)

Randomised 
case–control

38 69 ± 8
68 ± 9

Spine, knee Radiographs 6 VAS, SF-36 Risedronate VS 
Elcatonin

Rossini et al. 
(2009)

Partially blinded 
randomised

150 64.7 ± 7.4
65.2 ± 6.9

Knee Radiographs 18 VAS, LI Clodronate VS 
Hyaluronic acid

Fujita et al. 
(2009)

Non-ran-
domised 
case–control

100 68 ± 9.0
66 ± 8.0

Spine, knee Radiographs 7 VAS Alendronate VS 
Calcium

Buckland-
Wright (2007)

Double-blind 
randomized

627 60.3 ± 2.6
63.1 ± 2.3

Knee Radiographs 24 JSW Risedronate VS 
placebo

Bingham et al. 
(2006)

Double-blind 
randomized

2483 60.7 ± 0.5
60.2 ± 0.5

Knee Radiographs 24 WOMAC, JSW, Risedronate VS 
placebo

Spector et al. 
(2005)

Double-blind 
randomised

285 63.8 ± 0.9
63.2 ± 0.8

Knee Radiographs 12 WOMAC; PGA Risedronate VS 
placebo

Carbone et al. 
(2004)

Cross sectional 
cohort study

818 74.8 ± 2.9
74.8 ± 2.9

Knee Radiographs 36 Modified 
WOMAC

Alendronate VS 
placebo

Fujita et al. 
(2001)

Non-blinded 
randomised,

80 65 ± 7 Spine, knee Radiographs 12 VAS Etidronate VAS 
placebo
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Conclusions
�is meta-analysis showed that bisphosphonates ther-

apy is effective for patients with OA in relieving pain 

and accelerating functional recovery. However, the 

conclusions are limited due to small sample sizes and 

methodological study quality, the different doses and 

treatment courses among studies. Further studies are 

needed to provide more solid evidence.

a

b

Fig. 2 Methodological quality assessment according to the Cochrane Collaboration’s Risk of Bias tool study

Fig. 3 Change of Visual Analogue Scale (VAS) Pain Score
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Fig. 4 Change of WOMAC-Pain. The first Bingham et al. (2006) refers to the outcomes from 44 European centers (11 countries), the second Bingham 

refers to the outcomes from 42 centers in North America (US and Canada); The first Rossini et al. (2015) refers to the outcomes of 8 weeks follow-up, 

the second Rossini et al. (2015) refers to the outcomes of 16 weeks follow-up

Fig. 5 Change of WOMAC-Stiffness. The first Bingham et al. (2006) refers to the outcomes from 44 European centers (11 countries), the second 

Bingham refers to the outcomes from 42 centers in North America (US and Canada)

Fig. 6 Change of WOMAC-Function. The first Bingham et al. (2006) refers to the outcomes from 44 European centers (11 countries), the second 

Bingham refers to the outcomes from 42 centers in North America (US and Canada)

Fig. 7 Change of Osteophyte Score. The first Neogi et al. (2008) refers to the outcomes of adjusted change in summary osteophyte score, the 

second Neogi et al. (2008) refers to the outcomes of adjusted change in summary disc-space narrowing score



Page 7 of 8Xing et al. SpringerPlus  (2016) 5:1704 

Authors’ contributions

RLX and PMW had the initial idea. RLX and LRZ collected, analyzed and inter-

preted the data. RLX and LRZ wrote and revised the manuscript, and PMW 

approved the final version of the manuscript. All authors read and approved 

the final manuscript.

Acknowledgements

We would like to thank Dr. B. Xu and X.C. Li for assistance with planning this 

meta-analysis.

Competing interests

The authors declare that they have no competing interests.

Fig. 8 clinical improvement rate

Fig. 9 Joint replacement rate

Fig. 10 Patients required acetaminophen treatment

Fig. 11 Osteoarthritis progression rate



Page 8 of 8Xing et al. SpringerPlus  (2016) 5:1704 

Received: 25 April 2016   Accepted: 22 September 2016

References

Arti HR, Azemi ME (2012) Comparing the effect of glucosamine and glucosa-

mine with alendronate in symptomatic relieve of degenerative knee joint 

disease: a double- blind randomized clinical trial study. Jundishapur J Nat 

Pharm Prod 7(3):87–92

Bingham CO, Buckland-Wright JC, Garnero P, Cohen SB, Dougados M, Adami S, 

Clauw DJ, Spector TD, Pelletier JP, Raynauld JP, Strand V, Simon LS, Meyer 

JM, Cline GA, Beary JF (2006) Risedronate decreases biochemical markers 

of cartilage degradation but does not decrease symptoms or slow radio-

graphic progression in patients with medial compartment osteoarthritis 

of the knee: results of the two-year multinational knee osteoarthritis 

structural arthritis study. Arthritis Rheum 54(11):3494–3507

Brown GA (2013) AAOS clinical practice guideline: treatment of osteoarthritis 

of the knee: evidence-based guideline, 2nd edition. J Am Acad Orthop 

Surg 21(9):577–579. doi:10.5435/JAAOS-21-09-577

Buckland-Wright JC, Messent EA, Bingham III CO, Ward RJ, Tonkin C (2007) A 

2 yr longitudinal radiographic study examining the effect of a bisphos-

phonate (risedronate) upon subchondral bone loss in osteoarthritic knee 

patients. Rheumatology (Oxford) 46:257–264. doi:10.1093/rheumatology/

kel213

Carbone LD, Nevitt MC, Wildy K, Barrow KD, Harris F, Felson D, Peterfy C, 

Visser M, Harris TB, Wang BW, Kritchevsky SB (2004) The relationship of 

antiresorptive drug use to structural findings and symptoms of knee 

osteoarthritis. Arthritis Rheum 50(11):3516–3525

Collins NJ, Prinsen CA, Christensen R, Bartels EM, Terwee CB, Roos EM (2016a) 

Knee Injury and Osteoarthritis Outcome Score (KOOS): systematic 

review and meta-analysis of measurement properties. Osteoarthr Cartil. 

doi:10.1016/j.joca.2016.03.010

Collins J, Beutel B, Bosco J, Strauss E, Youm T, Jazrawi L (2016b) Bone marrow 

edema: chronic bone marrow lesions of the knee and the association 

with osteoarthritis. Bull Hosp Jt Dis 74(1):24–36

Davis AJ, Smith TO, Hing CB, Sofat N (2013) Are bisphosphonates effective 

in the treatment of osteoarthritis pain: a meta-analysis and systematic 

review. PLoS ONE 8(9):e72714. doi:10.1371/journal.pone.0072714

Fenty MC, Dodge GR, Kassey VB, Witschey WR, Borthakur A, Reddy R (2012) 

Quantitative cartilage degeneration associated with spontaneous osteo-

arthritis in a guinea pig model. J Magn Reson Imaging 35(4):891–898. 

doi:10.1002/jmri.22867

Fujita T, Fujii Y, Okada SF, Miyauchi A, Takagi Y (2001) Analgesic effect 

of etidronate on degenerative joint disease. J Bone Miner Metab 

19(4):251–256

Fujita T, Ohue M, Fujii Y, Miyauchi A, Takagi Y (2009) Comparison of the analge-

sic effects of bisphosphonates: etidronate, alendronate and risedronate 

by electroalgometry utilizing the fall of skin impedance. J Bone Miner 

Metab 27(2):234–239. doi:10.1007/s00774-009-0035-0

Fujita T, Ohue M, Nakajima M, Fujii Y, Miyauchi A, Takagi Y (2011) Comparison 

of the effects of elcatonin and risedronate on back and knee pain by 

electroalgometry using fall of skin impedance and quality of life assess-

ment using SF-36. J Bone Miner Metab 29(5):588–597. doi:10.1007/

s00774-011-0259-7

Higgins J, Green S (2011) Cochrane handbook for systematic reviews of inter-

ventions Version 5.1.0. [Updated March 2011]. The Cochrane Collabora-

tion, 2011. www.cochrane-handbook.org

Hozo SP, Djulbegovic B, Hozo I (2005) Estimating the mean and variance from 

the median, range, and the size of a sample. BMC Med Res Methodol 

5:13. doi:10.1186/1471-2288-5-13

Kalunian KC (2016) Current advances in therapies for osteoarthritis. Curr Opin 

Rheumatol 28(3):246–250. doi:10.1097/BOR.0000000000000273

Krader CG (2014) Guidance on non-surgical management of knee osteoarthri-

tis. Med Econ 91(9):12

Laslett LL, Doré DA, Quinn SJ, Boon P, Ryan E, Winzenberg TM, Jones G (2012) 

Zoledronic acid reduces knee pain and bone marrow lesions over 

1 year: a randomised controlled trial. Ann Rheum Dis 71(8):1322–1328. 

doi:10.1136/annrheumdis-2011-200970

Laslett LL, Kingsbury SR, Hensor EM, Bowes MA, Conaghan PG (2014) Effect 

of bisphosphonate use in patients with symptomatic and radiographic 

knee osteoarthritis: data from the osteoarthritis initiative. Ann Rheum Dis 

73(5):824–830. doi:10.1136/annrheumdis-2012-202989

Liu SH, Driban JB, Eaton CB, McAlindon TE, Harrold LR, Lapane KL (2016) 

Objectively measured physical activity and symptoms change in knee 

osteoarthritis. Am J Med. doi:10.1016/j.amjmed.2015.12.029

Madry H, Kon E, Condello V, Peretti GM, Steinwachs M, Seil R, Berruto M, Enge-

bretsen L, Filardo G, Angele P (2016) Early osteoarthritis of the knee. Knee 

Surg Sports Traumatol Arthrosc

McGrory B, Weber K, Lynott JA et al (2016) The American Academy of 

Orthopaedic Surgeons evidence-based clinical practice guideline on 

surgical management of osteoarthritis of the knee. J Bone Joint Surg Am 

98(8):688–692. doi:10.2106/JBJS.15.01311

Neogi T, Nevitt MC, Ensrud KE, Bauer D, Felson DT (2008) The effect of alen-

dronate on progression of spinal osteophytes and disc-space narrowing. 

Ann Rheum Dis 67(10):1427–1430. doi:10.1136/ard.2007.085563

Nishii T, Tamura S, Shiomi T, Yoshikawa H, Sugano N (2013) Alendronate 

treatment for hip osteoarthritis: prospective randomized 2-year trial. Clin 

Rheumatol 32(12):1759–1766. doi:10.1007/s10067-013-2338-8

Palazzo C, Nguyen C, Lefevre-Colau MM, Rannou F, Poiraudeau S (2016) Risk 

factors and burden of osteoarthritis. Ann Phys Rehabil Med. doi:10.1016/j.

rehab.2016.01.006

Rossini M, Viapiana O, Ramonda R, Bianchi G, Olivieri I, Lapadula G, Adami 

S (2009) Intra-articular clodronate for the treatment of knee osteoar-

thritis: dose ranging study vs hyaluronic acid. Rheumatology (Oxford) 

48(7):773–778. doi:10.1093/rheumatology/kep084

Rossini M, Adami S, Fracassi E, Viapiana O, Orsolini G, Povino MR, Idolazzi L, 

Gatti D (2015) Effects of intra-articular clodronate in the treatment of 

knee osteoarthritis: results of a double-blind, randomized placebo-con-

trolled trial. Rheumatol Int 35(2):255–263. doi:10.1007/s00296-014-3100-5

Saviola G, Abdi-Ali L, Campostrini L, Sacco S, Baiardi P, Manfredi M, Mannoni 

A, Benucci M (2012) Clodronate and hydroxychloroquine in erosive 

osteoarthritis: a 24-month open randomized pilot study. Mod Rheumatol 

22(2):256–263. doi:10.1007/s10165-011-0506-8

Smith SR, Deshpande BR, Collins JE, Katz JN, Losina E (2016) Comparative pain 

reduction of oral non-steroidal anti-inflammatory drugs and opioids 

for knee osteoarthritis: systematic analytic review. Osteoarthr Cartil. 

doi:10.1016/j.joca.2016.01.135

Spector TD, Conaghan PG, Buckland-Wright JC, Garnero P, Cline GA, Beary JF, 

Valent DJ, Meyer JM (2005) Effect of risedronate on joint structure and 

symptoms of knee osteoarthritis: results of the BRISK randomized, con-

trolled trial [ISRCTN01928173]. Arthritis Res Ther 7(3):R625–R633

Strassle BW, Mark L, Leventhal L, Piesla MJ, Jian Li X, Kennedy JD, Glasson SS, 

Whiteside GT (2010) Inhibition of osteoclasts prevents cartilage loss 

and pain in a rat model of degenerative joint disease. Osteoarthr Cartil 

18(10):1319–1328. doi:10.1016/j.joca.2010.06.007

Sun Y, Scannell BP, Honeycutt PR, Mauerhan DR, Norton J, Hanley EN (2015) 

Cartilage Degeneration, subchondral mineral and meniscal mineral 

densities in Hartley and Strain 13 guinea pigs. Open Rheumatol J 9:65–70. 

doi:10.2174/1874312901409010065

http://dx.doi.org/10.5435/JAAOS-21-09-577
http://dx.doi.org/10.1093/rheumatology/kel213
http://dx.doi.org/10.1093/rheumatology/kel213
http://dx.doi.org/10.1016/j.joca.2016.03.010
http://dx.doi.org/10.1371/journal.pone.0072714
http://dx.doi.org/10.1002/jmri.22867
http://dx.doi.org/10.1007/s00774-009-0035-0
http://dx.doi.org/10.1007/s00774-011-0259-7
http://dx.doi.org/10.1007/s00774-011-0259-7
http://www.cochrane-handbook.org
http://dx.doi.org/10.1186/1471-2288-5-13
http://dx.doi.org/10.1097/BOR.0000000000000273
http://dx.doi.org/10.1136/annrheumdis-2011-200970
http://dx.doi.org/10.1136/annrheumdis-2012-202989
http://dx.doi.org/10.1016/j.amjmed.2015.12.029
http://dx.doi.org/10.2106/JBJS.15.01311
http://dx.doi.org/10.1136/ard.2007.085563
http://dx.doi.org/10.1007/s10067-013-2338-8
http://dx.doi.org/10.1016/j.rehab.2016.01.006
http://dx.doi.org/10.1016/j.rehab.2016.01.006
http://dx.doi.org/10.1093/rheumatology/kep084
http://dx.doi.org/10.1007/s00296-014-3100-5
http://dx.doi.org/10.1007/s10165-011-0506-8
http://dx.doi.org/10.1016/j.joca.2016.01.135
http://dx.doi.org/10.1016/j.joca.2010.06.007
http://dx.doi.org/10.2174/1874312901409010065

	Bisphosphonates therapy for osteoarthritis: a meta-analysis of randomized controlled trials
	Abstract 
	Background
	Methods
	Search strategies
	Inclusion criteria
	Exclusion criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Search results
	Characteristics of included studies
	Methodological quality of studies

	Meta-analysis
	Primary outcome parameters
	Secondary outcome

	Discussion
	Quality of the evidence
	Conclusions
	Authors’ contributions
	References


