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Web-appendix 1. Further details about the eligibility criteria and study selection. 

 

Aspect Definition 

Type of control The control consisted of either placebo intra-articular injection(s), saline or 

minimal concentrations of hyaluronic acid such as 1/100th of active 

concentration or no intervention.  

No intervention trials 

and co-interventions 

Trials in which HA injections were added to another treatment and compared to 

that other treatment alone (e.g., HA + another treatment vs. that other treatment 

alone) were termed no intervention controlled trials [1]. The use of co-

interventions could be present in any group of the placebo-controlled or no 

intervention controlled trials.  

Cut-off of  75% or 

more patients with 

knee osteoarthritis 

The threshold was defined a priori and compatible with previous systematic 

reviews on knee osteoarthritis [2-6]. Based on our previous clinical experience, 

we assumed that 75% or more of patients with confirmed knee OA would be 

sufficient to provide a treatment response representative of this population. 

Notably, across 169 trials, only 6 small trials included other types of patients. 

Among the six small trials with mixed populations, the proportion of patients 

with clinically or radiologically confirmed knee OA ranged from 78 to 95%. 

Importantly, all large, placebo-controlled trials (main analysis) enrolled 100% 

knee OA patients, as shown Table 1 (main manuscript). 

 

References 

1. U.S.Department of Health and Human Services Food and Drug Administration CfDEaRC. 

Guidance for Industry E 10 Choice of Control Group and Related Issues in Clinical Trials, 2001. 

Accessed at https://www fda gov/media/71349/download on September 1, 2021 2001. 

2. da Costa BR, Pereira TV, Saadat P, Rudnicki M, Iskander SM, Bodmer NS, Bobos P, Gao L, 

Kiyomoto HD, Montezuma T, Almeida MO, Cheng PS, Hincapié CA, Hari R, Sutton AJ, Tugwell P, 

Hawker GA, Jüni P. Effectiveness and safety of non-steroidal anti-inflammatory drugs and opioid 

treatment for knee and hip osteoarthritis: network meta-analysis. BMJ. 2021 Oct 12;375:n2321. doi: 
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3: da Costa BR, Reichenbach S, Keller N, Nartey L, Wandel S, Jüni P, Trelle S. Effectiveness of 

non-steroidal anti-inflammatory drugs for the treatment of pain in knee and hip osteoarthritis: a 

network meta-analysis. Lancet. 2017 Jul 8;390(10090):e21-e33. 

4: Jüni P, Hari R, Rutjes AW, Fischer R, Silletta MG, Reichenbach S, da Costa BR. Intra-articular 

corticosteroid for knee osteoarthritis. Cochrane Database Syst Rev. 2015 Oct 22;(10):CD005328.  

5: da Costa BR, Nüesch E, Kasteler R, Husni E, Welch V, Rutjes AW, Jüni P. Oral or transdermal 

opioids for osteoarthritis of the knee or hip. Cochrane Database Syst Rev. 2014 Sep 

17;(9):CD003115.  

6: Rutjes AW, Jüni P, da Costa BR, Trelle S, Nüesch E, Reichenbach S. Viscosupplementation for 

osteoarthritis of the knee: a systematic review and meta-analysis. Ann Intern Med. 2012 Aug 

7;157(3):180-91.  
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Web-appendix 2. Search strategies  

 

 Search Strategy from MEDLINE (1946 to Present)* 

1  randomized controlled trial.pt. 

2 controlled clinical trial.pt. 

3 random allocation.sh. 

4 double blind method.sh. 

5 single blind method.sh. 

6 clinical trial.pt. 

7 exp clinical trial/ 

8  (clin* adj25 trial*).ti,ab. 

9  ((singl* or doubl* or trebl* or tripl*) adj25 (blind* or mask*)).ti,ab. 

10 placebos.sh. 

11 placebo*.ti,ab. 

12 random*.ti,ab. 

13 research design.sh. 

14 comparative study.sh. 

15 exp evaluation studies/ 

16 follow up studies.sh. 

17 prospective studies.sh. 

18  (control* or prospectiv* or volunteer*).ti,ab. 

19 osteoarthriti$.ti,ab,sh. 

20 osteoarthro*.ti,ab,sh. 

21 gonarthriti*.ti,ab,sh. 

22 gonarthro*.ti,ab,sh. 

23 coxarthriti*.ti,ab,sh. 

24 coxarthro*.ti,ab,sh. 

25 arthros*.ti,ab. 

26 arthrot*.ti,ab. 

27  ((knee* or hip* or joint*) adj3 (pain* or ach* or discomfort*)).ti,ab. 

28  ((knee* or hip* or joint*) adj3 stiff*).ti,ab. 

29 exp osteoarthritis/ 

30 hyaluron*.mp. 

31 hylan*.mp. 

32 viscosup*.mp. 

33 viskosup*.mp. 

34  (visco* adj suppl*).mp. 

35 synvisc*.mp. 

36 orthovisc*.mp. 

37 ostenil*.mp. 

38 suplasyn*.mp. 

39 arthrum*.mp. 

40 synov-hyal*.mp. 

41 artz*.mp. 

42 biotty*.mp. 

43 go-on*.mp. 

44 healon*.mp. 

45 hya-ject*.mp. 
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46 hyalgan*.mp. 

47 hyalart*.mp. 

48 hyalectin*.mp. 

49 nuflexxa*.mp. 

50 polireumin*.mp. 

51 hy-gag*.mp. 

52 nrd101*.mp. 

53  (nrd adj "101").mp. 

54 replasyn*.mp. 

55 supartz*.mp. 

56 or/1-18 

57 or/19-29 

58 or/30-55 

59 and/56-58 

60 animal/ 

61 animal/ and human/ 

62 60 not 61 

63 59 not 62 

64 remove duplicates from 63 

65 limit 64 to yr= “2012-Current” 

*Search strategy from EMBASE was similar, hence not included.  

 

 Search strategy from CENTRAL 

 

#1 MeSH descriptor: [Osteoarthritis] explode all trees 

#2 Osteoarthriti* or osteoarthro* or gonarthriti* or gonarthro* or coxarthriti* or coxarthro* or arthros* or 

arthrot* 

#3 (knee* or joint*) near/3 (pain* or discomfort*) 

#4 (knee* or joint*) near/3 stiff* 

#5 #1 or #2 or #3 or #4 

#6 MeSH descriptor: [Hyaluronic Acid] explode all trees 

#7 MeSH descriptor: [Viscosupplementation] explode all trees 

#8 #6 or #7 

#9 #5 and #8 
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Web-appendix 3. Data sources, study selection and data extraction 
 

Data sources 

 The search strategy was based on a previous systematic review [1]. In the original search 

from 2012 (database inception to January 2012), we manually searched conference proceedings in 

the area of Rheumatology: European League Against Rheumatism 

(http://www.abstracts2view.com/eular/sessionindex.php) and American College of Rheumatology 

(http://acrabstracts.org/search). All meeting abstracts were screened for eligible trials. Besides, we 

used the Science Citation Index to retrieve reports citing relevant articles, contacted experts in the 

field of OA, and screened reference lists of all obtained articles, including related reviews. In the 

current search update (January 2012 to September 2021), we employed in addition Google Scholar 

to retrieve reports citing at least one of the 89 trials found in the original search (Rutjes et al., 2012 

[1]). More specifically, the title of each eligible trial found in 2012 was used as a search query in 

Google scholar, and we used the option "Cited by" to check all related articles. We used automated 

translators to screen titles and abstracts of references available in languages other than English 

during this process. A second investigator rechecked each potential new trial. That strategy was able 

to identify potentially eligible reports not identified elsewhere, including theses and dissertations, 

personal communications, books, pamphlets, conference abstracts, trial registries, manufacturer's 

reports, and regulatory documents. 

 Furthermore, we retrieved and screened 50 systematic or narrative reviews on the use of 

viscosupplementation for knee osteoarthritis published since January 2012. Finally, we searched the 

following clinical trial registries: ClinicalTrials.gov, Australian New Zealand Clinical Trials 

Registry (http://www.anzctr.org.au/TrialSearch.aspx), WHO International Clinical Trials Registry 

Platform (http://www.who.int/ictrp) and UMIN Clinical Trials Registry (http://www.umin.ac.jp/ctr) 

to identify ongoing trials and previous trials with available data online. We performed the last 

http://www.abstracts2view.com/eular/sessionindex.php
http://acrabstracts.org/search
http://www.who.int/ictrp
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update of the current search on September 11, 2021, and the date of the latest access to all websites 

was September 11, 2021. 

 

Study selection 

 Throughout the study selection process, we worked in pairs of investigators. Nine 

investigators, working in pairs, independently screened the titles, abstracts, and relevant full-text 

reports. Discrepancies were solved by consensus or consultation of a third reviewer.  We performed 

detailed evaluations to identify duplicate reports.   

 

Data extraction 

 Non-English reports were extracted by one native-speaker investigator and a second 

investigator (a non-native speaker) using a machine translator.  

 

Reference 

1. Rutjes AW, Jüni P, da Costa BR, Trelle S, Nüesch E, Reichenbach S. Viscosupplementation for 

osteoarthritis of the knee: a systematic review and meta-analysis. Ann Intern Med. 2012 Aug 

7;157(3):180-91. 
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Web-appendix 4. Definitions used to classify trials according to methodological characteristics 

Domain Definition 

Methodological 

characteristics 

 

Quasi-randomized trials We defined a quasi-randomized trial as a prospective interventional study with 

two or more treatment groups, in which patients were allocated using pseudo-

random methods (e.g., consecutive order, medical record numbers, day of the 

week) [1].  

ITT analysis 

(incomplete outcome 

data) 

We considered statistical analyses adequate (low risco of bias) if all randomized 

patients were included in the analysis based on the intention-to-treat principle. 

Large trial A large trial was defined as a trial with ≥100 randomized participants per arm 

[2].  Nüesch et al. showed that small trials (<100 randomized participants per 

arm) were associated with more exacerbated treatment effects than large trials 

due to small-study bias. In the meta-epidemiological study of Nüesch et al., the 

definition of a large trial was based on a formal sample size calculation for a 

typical osteoarthritis trial with pain as the primary outcome [2]. Assuming a 

two-arm trial and a treatment effect equal to a standardized mean difference of -

0.4, 100 participants per arm would give the trial 80% power at a two-sided 

alpha of 0.05.  

Treatment duration Treatment duration refers to the period starting from the first day of the 

treatment to the last day of treatment. Treatment duration was categorized in 

weeks where one month is about 4.3 weeks. 

Trial size Trial size refers to the total number of participants randomized for the trial 

considering all arms. 

Trial duration Trial duration constitutes the period starting at randomization of patients (day 

0) to the last day of follow-up. 

Endpoint at 3 months  The time point closest to 3 months was defined as our main time point of 

interest. This pre-specified decision was based on previous evidence suggesting 

that the most pronounced effects of viscosupplementation on pain intensity are 

observed between week 5 and 13 after treatment [3-4].  

Multi-arm trials Within multi-arm trials, we combined group-level means at follow-up or mean 

changes from baseline from different hyaluronic acid preparations/doses using 

a  fixed-effect meta-analysis whenever needed. 

Publication-related 

characteristics 

 

Published trial A published trial was defined as any trial published through a formal peer-

review process and with a digital object identifier (DOI). However, peer-

reviewed trials published in Chinese journals without a DOI were also 

considered published. 

Unpublished trial An unpublished trial was defined as any trial obtained through clinical trial 

registries, conference abstracts, and master or doctoral dissertations that have 

not been subjected to formal academic publishing with a peer-review process. 
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Trials produced by commercial and non-commercial bodies without academic 

publishing and peer-review process were also considered unpublished 

(government reports, industry reports, and FDA documents). 

Funding independent of 

industry 

Any body with a commercial interest in one of the interventions evaluated can 

be considered a "commercial body", including the pharmaceutical industry and 

medical device manufacturers. 

Language of 

publication 

This refers to the language of publication of the included trials.  We categorized 

languages into  English vs others. 

Clinical 

characteristics 

 

Cycles Patients are usually given either a single injection or a course of ≥2 to 6 

injections. One cycle refers to one such course of treatment. 

Follow-up duration For the main analysis, follow-up duration was defined as the period from the 

last day of treatment to the last day of follow-up, that is, the time of follow-up 

after treatment. The follow-up duration was categorized in <3 months, 3-6 

months, and >6 months. 

Molecular weight Hyaluronic acid has been categorized according to its molecular weight: 

• Low (<1500 kDa); 

• Intermediate (≥1500 and <6000 kDa); 

• High (≥6000 kDa). 

Molecular structure Hyaluronic acid is a naturally occurring linear glycosaminoglycan composed of 

repeating disaccharides of glucuronic acid and N-acetylglucosamine.  It is 

usually found in either a cross-linked or a non-cross-linked form. 

 

References 

1. Higgins, J. P., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M. J., & Welch, V. A. (Eds.). 

(2019). Cochrane handbook for systematic reviews of interventions. John Wiley & Sons. 

2. Nüesch E, Trelle S, Reichenbach S, Rutjes AW, Tschannen B, Altman DG, Egger M, Jüni P. 

Small study effects in meta-analyses of osteoarthritis trials: meta-epidemiological study. BMJ. 2010 

Jul 16;341:c3515.  

3. Bellamy, N., Campbell, J., Welch, V., Gee, T. L., Bourne, R., & Wells, G. A. (2006). 

Viscosupplementation for the treatment of osteoarthritis of the knee. Cochrane database of 

systematic reviews, (2). 

4. Hunter, D. J. (2015). Viscosupplementation for osteoarthritis of the knee. New England Journal 

of Medicine, 372(11), 1040-1047. 
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Web-appendix 5. Back-transformation of the minimal clinically important standardized mean 

difference to visual analog scale (in mm) 

 

 For continuous outcomes, we back-transformed standardized mean differences to a 100-mm 

visual analog scale (VAS). First, we used the median (e.g., "typical") standard deviation of 25 mm 

derived from large, placebo-controlled OA trials that examined pain on a VAS [1-4]. Second, we 

multiplied the summary estimates of the continuous outcomes by the "typical" standard deviation 

value to obtain results in mm. 

  

References  

1. Rutjes AW, Jüni P, da Costa BR, Trelle S, Nüesch E, Reichenbach S. Viscosupplementation for 

osteoarthritis of the knee: a systematic review and meta-analysis. Ann Intern Med. 2012;157(3):180-

191. 

2. da Costa BR, Nüesch E, Rutjes AW, et al. Combining follow-up and change data is valid in meta-

analyses of continuous outcomes: a meta-epidemiological study. J Clin Epidemiol. 2013;66(8):847-

855. 

3. Jüni P, Hari R, Rutjes AW, et al. Intra-articular corticosteroid for knee osteoarthritis. Cochrane 

Database Syst Rev. 2015;(10):CD005328. 

4. Wandel S, Jüni P, Tendal B, Nüesch E, Villiger PM, Welton NJ, Reichenbach S, Trelle S. Effects 

of glucosamine, chondroitin, or placebo in patients with osteoarthritis of hip or knee: network meta-

analysis. BMJ. 2010 Sep 16;341. 
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Web-appendix 6.  Minimal clinically important difference (MCID) 

  

 The minimal clinically important difference was calculated based on the median MCID from 

four studies in patients with OA [1]. We pre-specified a minimal clinically important between-group 

difference of 0.37 SD units. The four studies calculated the between-group MCID in osteoarthritis 

pain based on the difference in mean changes from baseline pain between two groups of patients 

after treatment: those feeling "slightly better" at follow-up and those reporting "no change" at 

follow-up [1]. Based on these four primary studies, this difference corresponds approximately to -9 

mm on a visual analogue scale (VAS) of 100 mm, representing an SMD of -0.37 SD (assuming a 

typical standard deviation of approximately 25 on a 0-to-100 mm VAS, as discussed in web-

appendix 5). This follows the valid anchor-based approach where an external global rating of 

change is used to anchor change scores according to patients' perspectives on their health status [2]. 

Of note, between-group MCID (used to define minimally important differences between two groups 

of patients who received different treatments) needs to be distinguished from minimal important 

change (MIC) from baseline estimated within a group of patients who experienced a slight 

improvement. Within-group MIC is used as a threshold to define treatment response in individual 

patients: if a patient reaches the threshold, they are considered treatment responders. 

 

Further considerations regarding the MCID 

 Although the MCID is intended to facilitate the interpretation of the magnitude of treatment 

effects, it should not be applied to distinguish between clinically relevant and irrelevant treatment 

effects. Treatment effects should be interpreted along a continuum: the closer the treatment effect is 

to zero and further away from the MCID, the less likely it is that a treatment effect is clinically 

relevant. Given that the effect of viscosupplementation on osteoarthritis pain is an SMD of -0.08, 
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which is only 22% of the MCID, it is unlikely that the effect of viscosupplementation surpasses the 

placebo effect in an appreciable number of patients.  

 

References 

 

1. Wandel S, Jüni P, Tendal B, Nüesch E, Villiger PM, Welton NJ, Reichenbach S, Trelle S. Effects 

of glucosamine, chondroitin, or placebo in patients with osteoarthritis of hip or knee: network meta-

analysis. BMJ. 2010 Sep 16;341. 

2. Bobos, P., Ziebart, C., Furtado, R., Lu, Z., & MacDermid, J. C. (2020). Psychometric properties 

of the global rating of change scales in patients with low back pain, upper and lower extremity 

disorders. A systematic review with meta-analysis. Journal of Orthopaedics, 21, 40-48. 
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Web-appendix 7. Hierarchy of scales 

Pain 

If a trial presented pain outcomes on more than one scale, we employed the following hierarchical list to 

extract data from the scale highest on the list [1,2]: 

 (1) global osteoarthritis pain assessed using visual analog or numeric rating scales; 

 (2) pain on walking (any scale: visual analog scale, Likert or numeric rating scale); 

 (3) WOMAC osteoarthritis index pain subscore; 

 (4) composite pain scores other than WOMAC; 

 (5) pain on activities other than walking (such as stair climbing); 

 (6) WOMAC global score; 

 (7) Lequesne osteoarthritis index score; 

 (8) other algofunctional composite scores; 

 (9) patient’s global assessment; 

 (10) physician’s global assessment. 

Function 

Our secondary efficacy outcome was physical function. If a trial presented function outcomes on more 

than one scale, we used the following hierarchical list to extract data from the scale highest on the list1 

 (1) global osteoarthritis function score; 

 (2) walking disability (any scale: visual analog scale, Likert or numeric rating scale); 

 (3) WOMAC osteoarthritis index physical function subscore; 

 (4) composite physical function scores other than WOMAC; 

 (5) physical function on activities other than walking (such as stair climbing); 

 (6) WOMAC global score; 

 (7) Lequesne osteoarthritis index score; 

 (8) other algofunctional composite scores; 

 (9) patient’s global assessment; 

 (10) physician’s global assessment. 
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Web-appendix 8. Risk of bias assessment  

 Upon editorial request, we amended our methods and assessed the risk of bias in large, 

placebo-controlled trials using the Cochrane risk of bias 2.0 (RoB 2.0) (25 trials).  All the other 

trials were assessed with RoB 1.0, per our pre-specified protocol. For RoB 1.0 assessments, we 

based our assessments on four domains: sequence generation/allocation concealment (selection 

bias), blinding of participants (performance bias), blinding of outcome assessors (detection bias), 

and intention-to-treat analysis (ITT) (attrition bias). We rated the risk of bias for each item as low, 

high, or unclear [1].  

 

Criteria to judge the risk of bias 

Domain Criterion 

Allocation 

concealment 
• Low risk of bias: If participants and investigators enrolling participants could 

not foresee treatment assignment using one of the following, or an 

equivalent, methods: central allocation, sequentially numbered drug 

containers of identical appearance, opaque sealed envelopes, and coded 

syringes. 

• High risk of bias: If there is evidence of inadequate sequence generation. 

• Unclear risk of bias: The information about the allocation concealment  

process was insufficient to permit judgment of “Low risk” or “High risk”. 

Blinding of patients • Low risk of bias: If one of the following techniques were used: 

a) a sham injection was used with a syringe identical in appearance to the 

control intervention, 

b) an attempt was made to hide the patient's view from the injected knee 

using screens or curtains, 

c) the double-dummy technique was used, or 

d) the patient was given general anesthesia 

• High risk of bias: Patients were more likely to be unblinded if no placebo 

injection was involved. 

• Unclear risk of bias: The information about blinding of patients was 

insufficient to permit judgment of “Low risk” or “High risk”. 

Blinding of assessor • Low risk of bias: If all of the following conditions were met: 

a) the extracted outcome was reported using self-assessment instruments 

b) blinding of patients was considered adequate (see ‘Blinding of patients’ 

above) 

c) the investigator was not involved in outcome assessment, or investigator 

and patients were both reported to be blinded 

• High risk of bias: If pain or function outcome was measured by the 

physician's global assessment instrument and the assessor was not blinded to 

patient's allocation. 
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• Unclear risk of bias: The information about blinding of outcome assessors 

was insufficient to permit judgment of “Low risk” or “High risk”. 

ITT 

(pain and function) 
• Low risk of bias: A trial was considered at low risk of attrition bias when the 

number of analyzed patients was identical to the number of randomized 

patients. 

• High risk of bias: A trial was considered at a high risk of attrition bias when 

the number of analyzed patients was different from the number of 

randomized patients. 

• Unclear risk of bias: A trial was considered at an unclear risk of attrition bias 

when the number of analyzed patients was unclear. A trial was also 

considered at unclear risk of attribution bias when the number of randomized 

patients was unclear. 

 

 

Cochrane risk of bias 2.0 

 We based our assessments on the following domains: bias arising from the randomization 

process, bias due to deviations from intended interventions, bias due to missing outcome data, bias 

in the measurement of the outcome, and bias in the selection of the reported results. We rated the 

risk of bias for each item as low, high, or some concerns [2].  

 

References 

[1] Higgins, J. P., Altman, D. G., Gøtzsche, P. C., Jüni, P., Moher, D., Oxman, A. D., ... & Sterne, J. 

A. (2011). The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ, 

343. 

[2] Sterne, J. A., Savović, J., Page, M. J., Elbers, R. G., Blencowe, N. S., Boutron, I., ... & Higgins, 

J. P. (2019). RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ, 366. 
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Web-appendix 9. Imputation of means and standard deviations 

 We used two different approaches to approximate sample means and standard deviations 

when this information was not reported directly. We first used Approximate Bayesian Computation 

(ABC) models to approximate sample means and standard deviations using the available summary 

statistics. When ABC models were not feasible to estimate standard deviations, we used 

empirically-derived estimates obtained from large sham-controlled trials. Detailed information is 

provided below. 

 

Approximate Bayesian computation (ABC) model and empirically-derived standard deviation 

estimates 

 Studies reporting only median, interquartile range, and/or min-max cannot be directly used 

in the traditional meta-analysis. To overcome this issue, we imputed means and standard deviations 

based on the above-mentioned summary statistics using a flexible ABC model described previously 

[1]. Briefly, outcomes are considered random variables that follow a specific family distribution 

(e.g., beta, gamma, or normal). Once the family distribution is chosen either based on clinical 

grounds or empirical evidence, a large number of similar statistical distributions are generated, but 

each with a slightly different set of parameters. For each study arm without a reported mean and 

standard deviation, we generated 100,000 distributions. For each generated distribution, we 

calculated the Euclidean distance between the real (reported) summary statistics, and the 

corresponding statistics from the pseudo-data sampled from the distribution thought to be the 

distribution of unavailable data. The top 0.1% distributions with the smallest Euclidean distances 

(i.e., 100 distributions) were kept and served as the basis for the estimation of means and standard 

deviations. This approach has been demonstrated to furnish a reasonable approximation of the 

posterior distribution via summary statistics provided – given that a tight tolerance level is used 

(e.g. the 0.1% top distributions with the smallest Euclidean distances). Estimates for the mean and 
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the standard deviation were computed by the "simulation method", that is, the mean and the 

standard deviation are the averages of means and standard deviations from the randomly generated 

data, respectively. Since both pain and function are typically measured on a bounded interval (e.g., 

0 to 100 scale), we assumed that these outcomes were approximately distributed as beta random 

variables. Prior parameters for the beta distributions were assumed to follow a uniform distribution: 

α ~ Unif(0,50) and β ~ Unif(0,50).  

 

Empirical distribution (imputation of missing standard deviations) 

 

 When summary statistics were insufficient to fit the ABC model, we employed the following 

imputation approach. First, we constructed an empirical distribution of the ratio of the pooled 

standard deviation to outcome measurement scale range. This analysis was based on large sham-

controlled trials in patients with OA where such information was available. Empirical distributions 

were constructed for pain (38 trials) and function (23 trials) separately. A large study was defined as 

a trial with an average sample size ≥100 randomized participants per group [2]. The database 

containing large placebo-controlled OA trials was assembled from previous investigations by our 

group [2-4]. Second, the median value for this distribution was estimated. Finally, missing standard 

deviations were then imputed by the median of the empirical distribution multiplied by the study-

specific scale range.  

 

Imputation of atypical standard deviations (SD)  

 Some trials produced considerably atypical small or large standard deviations, which would 

influence the magnitude of the SMD, ultimately leading to spurious high or low values of the 

treatment effect. This is a commonly known fallacy of the SMD [5]. Thus, we used an empirical 

distribution to replace extremely outlying SDs. Specifically, an SD was flagged as an outlier if the 

ratio of SD to scale range was below the 2.5th or above the 97.5th percentiles of the empirical 
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distribution constructed based on large sham-controlled trials as described above. We calculated the 

ratio SD/scale range for each trial. Trials whose SDs were too low (e.g., the ratio of SD to scale 

range was below the 2.5th percentile of the empirical distribution) were truncated at the 2.5th
 

empirical percentile. In other words, when SDs were considered to be atypically low, we replaced 

the observed SD with the 2.5th
 
empirical percentile multiplied by the scale range. Similarly, trials 

with atypically high SDs had their SDs truncated at the 97.5th percentile of the empirical 

distribution. Stated differently, when SDs were considered to be atypically high, we replaced the 

observed SD by the 97.5th
 
empirical percentile multiplied by the scale range (Box 1).

 
  

Box 1. Descriptive statistics of SD-to-mean ratio from large sham-controlled arms 

Outcome No. of trials* Median 2.5th 97.5th percentile 

Pain 38 0.227 0.103 0.317 

Function 23 0.211 0.097 0.269 

 

 For example, assume a hypothetical trial that examined the effect of viscosupplementation 

on pain levels based on a 0-100 VAS. After 3 months of treatments, the means (SDs) for 

intervention and control groups were 80 (8.2) and 80 (10.6), respectively. The ratio of SD to scale 

range were: 0.082 and 0.106, with the first SD considered implausibly low. Hence, the SD of 0.082 

was replaced by 0.103 × 100 = 10.3, which represents the 2.5th percentile from the empirical 

distribution when all scales are standardized to a 0-to-100 range. In this example, the SD from the 

control group remained unchanged. 
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Web-appendix 10. Explanation of cut-offs used for the interpretation of τ2 

 

 

 Our interpretation of the magnitude of heterogeneity based on τ2 values as explained below 

is based on the recommendations of Spiegelhalter et al [1]. 

Interpretation of tau-squared for continuous outcomes (pain and physical function) 

Low heterogeneity 

 In case of low heterogeneity, τ2 is approximately 0.04, τ is therefore 0.20, and the median 

difference in effect sizes between any two randomly selected trials is 1.09 × τ, corresponding to a 

difference in effect sizes between randomly selected trials of 0.22 SD units. For example, if one 

randomly selected trial would show an effect size of 0.00 SD units, then the other randomly selected 

trial would show an effect size of either -0.22 or +0.22 SD units.  

The 95% reference range for true effect sizes across all trials in a meta-analysis would be 

3.92 × τ, corresponding to a difference between the lower end and the upper end of the 95% 

reference range of 0.78 SD units. If the pooled effect size were at 0, then 95% of the true effects of 

included trials would be between -0.39 and +0.39 SD units.  

Moderate heterogeneity 

 In case of moderate heterogeneity, the difference in effect size between any two randomly 

selected trials of 1.09 × τ is 0.33 SD units if τ is 0.30 and τ2 0.09.  

 The 95% reference range for true effect sizes across all trials in a meta-analysis would be 

3.92 × 0.30, corresponding to a difference between the  lower end and the upper end of the 95% 

reference range of 1.18 SD units. If the pooled effect size were at 0, then 95% of the true effects of 

included trials would be between -0.59 and +0.59 SD units. 
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Large heterogeneity 

 In case of large heterogeneity, the difference in effect size between any two randomly 

selected trials of 1.09 × τ is 0.44 SD units if τ is 0.40 and τ2 0.16.  

 The 95% reference range for true effect sizes across all trials in a meta-analysis would be 

3.92 × 0.40, corresponding to a difference between the lower end and the upper end of the 95% 

reference range of 1.57 SD units. If the pooled effect size were at 0, then 95% of the true effects of 

included trials would be between -0.785 and +0.785 SD units. 

 

Interpretation of tau-squared for a binary outcome (serious adverse event) 

 

Low heterogeneity 

 In case of low heterogeneity, τ2 is approximately 0.04, τ is 0.20, and the 95% reference range 

for true effect sizes across all trials in a meta-analysis would be 3.92 × τ. If the pooled risk ratio 

were 1.00, then 95% of the true effects of included trials would be between 0.68 and 1.48.  

 

Moderate heterogeneity 

 In case of low heterogeneity, τ2 is 0.16 and τ is 0.40. The 95% reference range for true effect 

sizes across all trials in a meta-analysis would thus be 3.92 × 0.40. If the pooled risk ratio were 

1.00, then 95% of the true effects of included trials would be between 0.46 and 2.19.  

 

Large heterogeneity 

 In case of low heterogeneity, τ2 is 0.36 and τ is 0.60. The 95% reference range for true effect 

sizes across all trials in a meta-analysis would thus be 3.92 × 0.60. If the pooled risk ratio were 

1.00, then 95% of the true effects of included trials would be between 0.31 and 3.24.  
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Web-appendix 11. Trial sequential analysis 

  

 For a review of trial sequential analysis methods and interpretation, see Kang [1] and 

Wetterslev et al. [2].   

 Monitoring boundaries were calculated by the alpha spending method [3]. More stringent 

alpha and power values were used for trial sequential analyses of effectiveness outcomes. For 

continuous outcomes, the required information size was calculated as the sample size that provided 

90% power at a two-sided α=0.005 to detect a standardized mean difference of -0.37 of 

viscosupplementation compared to placebo in a superiority analysis, and to establish equivalence at 

margins of -0.20 and 0.20 in an equivalence analysis. For serious adverse events, the required 

information size was calculated as the sample size that gives a trial 80% power to detect a 50% 

relative risk increase of serious adverse events, assuming a control event rate of 2.5% and a two-

sided α=0.05. The relative risk (RR) of 1.5, a relevant effect, was informed by the summary RR 

from eight large placebo-controlled trials with blind outcome assessment as reported in a previous 

review [4]. For the calculation of the required information size, we accounted for between-trial 

variation using diversity (D2) index-adjusted sample sizes [2]. We assumed a D2 of 50% in sample 

size calculations for both pain and function. For serious adverse events, we assumed a D2 of 25%. 

Assumptions for expected heterogeneity are conservative and based on Rutjes et al. [4]  
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Web-appendix 12. Risk of bias in the included trials – according to the Cochrane risk of bias tool  2.0 for large, placebo-controlled trials (n = 25) and 

Cochrane risk of bias 1.0 for the remaining trials (n = 144) (n = 169 trials in total) (part 1/13) 
 

Large, placebo-controlled trials (Cochrane risk of bias  2.0) 

Author (year) Year Sample size 

Bias arising 

from the 

randomizatio

n process 

Bias due to 

deviations 

from 

intended 

intervention

s 

Pain* Function* 

 Bias due to 

missing 

outcome data 

Bias in the 

measuremen

t of the 

outcome 

Bias in the  

selection of the 

reported 

results 

 Bias due to 

 missing  

outcome data 

Bias in the 

measuremen

t of the 

outcome 

Bias in the 

selection of 

the reported 

results 

Shichikawa  1983 228 
Some 

concerns 
High High 

Some 

concerns 
Some concerns - - - 

Puhl  1993 209 
Some 

concerns 
High High Low Some concerns High Low 

Some 

concerns 

Lohmander 1996 240 
Some 

concerns 

Some 

concerns 
Some concerns Low Some concerns 

Some 

concerns 
Low 

Some 

concerns 

Altman & 

Moskowitz  
1998 332 

Some 

concerns 
High High Low Some concerns High Low 

Some 

concerns 

Brandt‡ 2001 226 Low Low - - - - - - 

Seikagaku [UK]  2001 231 
Some 

concerns 
Low Low Low High Low Low High 

Jubb  2003 408 Low Low Low Low Some concerns - - - 

Altman 2004 347 
Some 

concerns 
Low Low Low Low Low Low Low 

Day  2004 240 
Some 

concerns 
Low Low Low Low Low Low Low 

Pham  2004 216 Low Low Low Low Some concerns Low Low 
Some 

concerns 

Altman  2009 588 Low Low Some concerns Low Low 
Some 

concerns 
Low Low 



 

 

Web-appendix 12. Risk of bias in the included trials – according to the Cochrane risk of bias tool  2.0 for large, placebo-controlled trials (n = 25) and 

Cochrane risk of bias 1.0 for the remaining trials (n = 144) (n = 169 trials in total) (part 2/13) 
 

Large, placebo-controlled trials (Cochrane risk of bias  2.0) 

 

Author (year) 
Year Sample size 

 

 Bias arising 

from the 

randomizatio

n process 

 

Bias due to 

deviations 

from 

intended 

intervention

s 

Pain* Function* 

 Bias due to 

missing 

outcome data 

Bias in the 

measuremen

t of the 

outcome 

Bias in the  

selection of the 

reported 

results 

 Bias due to 

 missing  

outcome data 

Bias in the 

measuremen

t of the 

outcome 

Bias in the 

selection of 

the reported 

results 

Baltzer  2009 242 
Some 

concerns 

Some 

concerns 
Some concerns Low Some concerns 

Some 

concerns 
Low 

Some 

concerns 

Chevalier 2010 253 Low Low Low Low Low Low Low Low 

Jørgensen  2010 337 Low Low Low Low Low Low Low Low 

Huang  2011 200 
Some 

concerns 
Low Low Low Low Low Low Low 

Strand  2012 379 Low Low Low Low Low Low Low Low 

NCT00988091  2012 596 
Some 

concerns 
Low Low Low Low Low Low Low 

Arden 2014 218 Low Low Low Low Low Low Low Low 

NCT01372475  2015 800 Low Low Low Low Low - - - 

NCT01934218   2017 814 Low Low Low Low Low - - - 

Hangody  2017 219 Low Low Low Low Low Low Low Low 

Petterson and 

Plantcher  
2018 369 Low Low Low Low Low Low Low Low 
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Cochrane risk of bias 1.0 for the remaining trials (n = 144) (n = 169 trials in total) (part 3/13) 

 

Large, placebo-controlled trials (Cochrane risk of bias  2.0) 

 

 

Author (year) 
Year Sample size 

 

 Bias arising 

from the 

randomizatio

n process 

 

Bias due to 

deviations 

from 

intended 

intervention

s 

Pain* Function* 

 Bias due to 

missing 

outcome data 

Bias in the 

measuremen

t of the 

outcome 

Bias in the  

selection of the 

reported 

results 

 Bias due to 

 missing  

outcome data 

Bias in the 

measuremen

t of the 

outcome 

Bias in the 

selection of 

the reported 

results 

NCT02495857*  2018 599 Low Low Low Low Low Low Low Low 

Ke  2021 440 
Some 

concerns 
Low Low Low Low - - - 

Migliore 2021 692 
Some 

concerns 
Low Low Low Low Low Low Low 

 

* Pain and function were assessed separately for the following domains:  bias due to missing outcome data, bias in the measurement of the outcome 

and bias in the selection of the reported results. Pain was reported in 24 trials, and function was reported in 19 trials. 
‡ Brandt et al. (2001)  reported only subgroup analyses for pain and function.  

 



 

 

Web-appendix 12. Risk of bias in the included trials – according to the Cochrane risk of bias tool  2.0 for large, placebo-controlled trials (n = 25) and 

Cochrane risk of bias 1.0 for the remaining trials (n = 144) (n = 169 trials in total) (part 4/13) 

 

(Cochrane risk of bias  1.0) 

 

Author Year Sampl

e size* 

Allocation 

concealment 

Blinding of 

patients 

Is funding 

independent 

of the 

industry? 

Publication 

status 

Blinding of  

outcome 

assessor 

(pain) 

Attrition 

bias (pain) 

Blinding of 

outcome 

assessor 

(function) 

Attrition bias 

(function) 

Adams 1995 71 High/unclear High/unclear No/unclear Published Low High/unclear   

Ardic 2001 20 High/unclear High/unclear No/unclear Unpublished High/unclear High/unclear   

Aslan 2012 29 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Atay 2008 45 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Bao 2018 40 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Başar 2021 76 Low High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Bayramoğlu 2003 46 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Belyaeva 2019 70 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Blanco 2008 52 High/unclear Low No/unclear Published Low High/unclear Low High/unclear 

Bragantini 1987 60 High/unclear High/unclear No/unclear Published High/unclear High/unclear   

Bunyaratavej 2001 49 High/unclear High/unclear No/unclear Published Low High/unclear   

Bütün 2000 56 High/unclear High/unclear No/unclear Unpublished Low High/unclear   
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Cochrane risk of bias 1.0 for the remaining trials (n = 144) (n = 169 trials in total) (part 5/13) 

 

(Cochrane risk of bias  1.0) 

 

Author Year Sampl

e size* 

Allocation 

concealment 

Blinding of 

patients 

Is funding 

independent 

of the 

industry? 

Publication 

status 

Blinding of  

outcome 

assessor 

(pain) 

Attrition 

bias (pain) 

Blinding of 

outcome assessor 

(function) 

Attrition bias 

(function) 

Campos 2017 103 High/unclear High/unclear yes Published High/unclear High/unclear High/unclear High/unclear 

Cao 2013 100 High/unclear High/unclear No/unclear Published High/unclear Low   

Caracuel 2001 27 High/unclear High/unclear No/unclear Published High/unclear High/unclear   

Carrabba 1995 80 High/unclear Low No/unclear Published Low Low Low Low 

Chareancholv

anich 

2014 40 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Cohen 1994 39 High/unclear High/unclear No/unclear Unpublished Low High/unclear   

Corrado 1995 40 High/unclear High/unclear No/unclear Published High/unclear High/unclear   

Creamer 1994 24 High/unclear High/unclear No/unclear Published Low Low   

Cubukçu 2005 40 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

DeCaria 2012 30 High/unclear Low yes Published Low Low Low Low 

Dhaundiyal 2020 100 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Dickson 2001 110 High/unclear High/unclear No/unclear Published Low High/unclear High/unclear High/unclear 

Ding 2017 47 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Diracoglu 2009 63 High/unclear High/unclear No/unclear Published Low High/unclear High/unclear High/unclear 

Dixon 1988 63 High/unclear Low No/unclear Published Low High/unclear Low High/unclear 
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Cochrane risk of bias 1.0 for the remaining trials (n = 144) (n = 169 trials in total) (part 6/13) 

 

(Cochrane risk of bias  1.0) 

 

Author Year Sampl

e size* 

Allocation 

concealment 

Blinding of 

patients 

Is funding 

independent 

of the 

industry? 

Publication 

status 

Blinding of  

outcome 

assessor 

(pain) 

Attrition bias 

(pain) 

Blinding of 

outcome assessor 

(function) 

Attrition bias 

(function) 

Dong 2012 63 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Dougados 1993 110 Low Low No/unclear Published High/unclear High/unclear Low High/unclear 

Erdem 2007 42 High/unclear High/unclear No/unclear Published High/unclear High/unclear   

Fang 2006 160 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Farr 2019 132 Low Low No/unclear Published Low High/unclear Low High/unclear 

Feng 2016 110 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Gang 2015 80 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Ghirardini 1990 10 High/unclear High/unclear No/unclear Unpublished High/unclear High/unclear   

Giombini 2016 47 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Grecomoro 1987 40 High/unclear High/unclear No/unclear Published High/unclear High/unclear   

Guler 1996 30 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Görmeli 2017 91 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Hamdan 2020 20 High/unclear High/unclear yes Published High/unclear Low High/unclear Low 

Hatipoglu 2002 40 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

He 2010 226 High/unclear High/unclear No/unclear Published High/unclear Low   

Hempfling 2007 80 High/unclear Low No/unclear Published Low Low Low Low 
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Cochrane risk of bias 1.0 for the remaining trials (n = 144) (n = 169 trials in total) (part 7/13) 

 

(Cochrane risk of bias  1.0) 

 

Author Year Sampl

e size* 

Allocation 

concealment 

Blinding of 

patients 

Is funding 

independent 

of the 

industry? 

Publication 

status 

Blinding of  

outcome 

assessor 

(pain) 

Attrition bias 

(pain) 

Blinding of 

outcome assessor 

(function) 

Attrition bias 

(function) 

Henderson 1994 91 High/unclear Low No/unclear Published Low High/unclear   

Henrotin 2017 81 High/unclear Low No/unclear Published Low Low Low Low 

Hermans 2019 156 High/unclear High/unclear yes Published High/unclear Low High/unclear Low 

Heybeli 2008 67 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Hiemstra 2012 28 High/unclear High/unclear No/unclear Unpublished High/unclear High/unclear High/unclear High/unclear 

Hizmetli 2002 50 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Horey 2014 40 High/unclear High/unclear No/unclear Unpublished High/unclear Low High/unclear Low 

Hu 2014 270 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Hu 2011 102 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Huang 2005 140 High/unclear High/unclear No/unclear Published Low High/unclear Low High/unclear 

Huskisson 1999 100 High/unclear High/unclear No/unclear Published Low High/unclear Low High/unclear 

Husni 2017 42 High/unclear High/unclear No/unclear Unpublished High/unclear Low   

Jacob 2017 51 High/unclear High/unclear yes Published High/unclear Low High/unclear Low 

Jiang 2012 108 High/unclear High/unclear No/unclear Published   High/unclear Low 

Kahan 2003 518 Low High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Kalay 1997 40 High/unclear High/unclear No/unclear Published High/unclear High/unclear   
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Cochrane risk of bias 1.0 for the remaining trials (n = 144) (n = 169 trials in total) (part 8/13) 

 

(Cochrane risk of bias  1.0) 

 

Author Year Sampl

e size* 

Allocation 

concealment 

Blinding of 

patients 

Is funding 

independent 

of the 

industry? 

Publication 

status 

Blinding of  

outcome 

assessor 

(pain) 

Attrition bias 

(pain) 

Blinding of 

outcome assessor 

(function) 

Attrition bias 

(function) 

Karlsson 2002 246 High/unclear High/unclear No/unclear Published Low High/unclear High/unclear High/unclear 

Ke 2016 100 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Kosuwon 2012 60 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Kotevoglu 2006 59 High/unclear High/unclear yes Published Low High/unclear High/unclear High/unclear 

Kul-Panza 2010 48 High/unclear High/unclear yes Published Low High/unclear High/unclear High/unclear 

Lana 2016 69 High/unclear High/unclear yes Published High/unclear High/unclear High/unclear High/unclear 

Lertwanich 2016 20 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Li 2014 80 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Li 2011 81 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Li 2012 96 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Lin 2017 54 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Lin 2019 56 High/unclear Low yes Published High/unclear Low High/unclear Low 

Listrat 1997 39 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Liu 2014 80 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Luchikhina 2013 82 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Lude 2015 58 High/unclear High/unclear No/unclear Published High/unclear Low   

Lundsgaard 2008 168 Low Low No/unclear Published Low High/unclear Low High/unclear 

Maia 2019 28 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 
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(Cochrane risk of bias  1.0) 

 

Author Year Sampl

e size* 

Allocation 

concealment 

Blinding of 

patients 

Is funding 

independent 

of the 

industry? 

Publication 

status 

Blinding of  

outcome 

assessor 

(pain) 

Attrition bias 

(pain) 

Blinding of 

outcome assessor 

(function) 

Attrition bias 

(function) 

Miltner 2002 86 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Moreland 1993 93 High/unclear High/unclear No/unclear Unpublished Low High/unclear High/unclear High/unclear 

Neustadt 2005 372 Low High/unclear No/unclear Published Low High/unclear Low High/unclear 

Pal 2017 150 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Pan 2011 53 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Pang 2013 60 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Pereira 2019 22 High/unclear High/unclear yes Published High/unclear Low High/unclear Low 

Petrella 2008 200 High/unclear Low No/unclear Published Low Low Low Low 

Petrella 2002 60 High/unclear High/unclear No/unclear Published Low High/unclear Low High/unclear 

Petrella 2009 30 High/unclear High/unclear No/unclear Unpublished Low High/unclear High/unclear High/unclear 

Petrella 2006 106 Low Low No/unclear Published Low Low   

Pineda 2017 62 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Qian 2014 66 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Qin 2016 50 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 
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(Cochrane risk of bias  1.0) 

 

Author Year Sampl

e size* 

Allocation 

concealment 

Blinding of 

patients 

Is funding 

independent 

of the 

industry? 

Publication 

status 

Blinding of  

outcome 

assessor 

(pain) 

Attrition bias 

(pain) 

Blinding of 

outcome assessor 

(function) 

Attrition bias 

(function) 

Qiu 2015 40 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Rabi’u and 

Aliyu 

2019 52 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Raynauld 2002 255 Low High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Rejaili 2005 20 High/unclear High/unclear No/unclear Published High/unclear Low   

Ren 2017 128 High/unclear High/unclear No/unclear Published High/unclear Low   

Russell 1992 139 High/unclear High/unclear No/unclear Published Low High/unclear High/unclear High/unclear 

Rydell 1972 28 High/unclear High/unclear No/unclear Published High/unclear High/unclear   

Saccomanno 2016 110 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Scale 1994 30 High/unclear High/unclear No/unclear Published Low High/unclear High/unclear High/unclear 

Scale 1994 50 High/unclear High/unclear No/unclear Published Low High/unclear High/unclear High/unclear 

Schirmeisen 2009 30 High/unclear High/unclear No/unclear Unpublished High/unclear High/unclear High/unclear High/unclear 

Schneider 1997 36 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Seikagaku 

(France) 

2001 254 High/unclear High/unclear No/unclear Unpublished High/unclear High/unclear High/unclear High/unclear 

Sezgin 2005 41 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Shen 2013 64 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 



 

 

Web-appendix 12. Risk of bias in the included trials – according to the Cochrane risk of bias tool  2.0 for large, placebo-controlled trials (n = 25) and 

Cochrane risk of bias 1.0 for the remaining trials (n = 144) (n = 169 trials in total) (part 11/13) 

 

(Cochrane risk of bias  1.0) 

 

 

Author Year Sampl

e size* 

Allocation 

concealment 

Blinding of 

patients 

Is funding 

independent 

of the 

industry? 

Publication 

status 

Blinding of  

outcome 

assessor 

(pain) 

Attrition bias 

(pain) 

Blinding of 

outcome assessor 

(function) 

Attrition bias 

(function) 

Shen 2007 84 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Shichikawa 1983 107 Low High/unclear No/unclear Published Low High/unclear Low High/unclear 

Shmidt 2014 18 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Su 2017 80 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Sun 2021 85 Low High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Tamir 2001 49 High/unclear High/unclear No/unclear Published Low High/unclear   

Teng 2008 38 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Tetik 2003 60 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

Trofimov 2018 61 High/unclear High/unclear No/unclear Published   High/unclear High/unclear 

van Der 

Weegen 

2014 196 Low Low No/unclear Published Low Low Low Low 

Wang 2009 62 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Wang 2009 98 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Wang 2011 60 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Wang 2013 39 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Wang 2013 70 High/unclear High/unclear No/unclear Published   High/unclear Low 

Wang 2015 92 High/unclear High/unclear No/unclear Published High/unclear Low   
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Cochrane risk of bias 1.0 for the remaining trials (n = 144) (n = 169 trials in total) (part 12/13) 

 

(Cochrane risk of bias  1.0) 
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patients 

Is funding 
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Publication 

status 

Blinding of  

outcome 

assessor 

(pain) 

Attrition 

bias (pain) 

Blinding of 

outcome assessor 

(function) 

Attrition bias 

(function) 

Wei 2013 120 High/unclear High/unclear No/unclear Published High/unclear Low   

Wei 2016 100 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Weiss 1981 32 High/unclear High/unclear No/unclear Published High/unclear Low   

Westrich 2009 43 High/unclear High/unclear No/unclear Published High/unclear High/unclear   

Wobig 1998 117 High/unclear Low No/unclear Published Low High/unclear Low High/unclear 

Wu 2004 60 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Xu 2015 40 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Xu 2020 100 High/unclear Low No/unclear Published Low High/unclear Low High/unclear 

Yang 2010 128 High/unclear High/unclear No/unclear Published High/unclear Low   

Yang 2014 80 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Yang 2015 40 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Ye 2016 90 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

You 2016 60 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Yu 2014 78 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Yuan 2013 110 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 
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(Cochrane risk of bias  1.0) 
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(pain) 
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Attrition bias 

(function) 

Zang 2011 40 High/unclear High/unclear No/unclear Unpublishe

d 

High/unclear Low High/unclear Low 

Zeng 2017 90 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Zhang 2009 78 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Zhang 2011 106 High/unclear High/unclear No/unclear Published High/unclear Low High/unclear Low 

Zhao 2010 105 High/unclear High/unclear No/unclear Published High/unclear Low   

Zhou 2016 88 High/unclear High/unclear No/unclear Published High/unclear Low   

Сорока 2009 40 High/unclear High/unclear No/unclear Published High/unclear High/unclear High/unclear High/unclear 

 

High denotes high risk of bias 

Unclear denotes unclear risk of bias 

Low denotes low risk of bias 

 

* The 169 trials included 21,163 randomized participants.  

 

Some domains were not evaluated, because pain or function outcomes may not have been reported (or could not be extracted). 
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Web-appendix 13.  Accumulation of randomized patients in viscosupplementation trials (1972-

2021). 
 

 

 

 

Web-appendix 13. Evolution of the accrued number of randomized patients over nearly half a 

century of clinical research on viscosupplementation. Published and unpublished trials were 

included in this graph (n = 35,535 randomized participants; 255 trials). Also included in the graph 

are the numbers of randomized participants in head-to-head trials, that is, in trials comparing two or 

more hyaluronic acid derivatives (n = 86 trials; 14,372 participants). Head-to-head trials were 

selected using the same searches described in the material and methods section. Numbers are 

presented separately by large trials (mean ≥ 100 participants per group) and small trials (mean < 

100 participants per group). From 2004-2005 onward, there was a shift from placebo-controlled to 

no intervention control and head-to-head trials. No intervention controlled trials denote open-label 

studies in which viscosupplementation was given on top of the usual care (e.g., 

viscosupplementation combined with usual care/other intervention vs. usual care/other 

intervention). 
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Web-appendix 14.  Summary effects of viscosupplementation on pain intensity (all trials, n = 165 

studies that randomized 20,729 participants). 

 

Model SMD (95% CI) P 

Random-effects * -0.56  ( -0.64 to -0.48) < 0.001 

Fixed-effect model -0.35 (-0.38  to -0.32) < 0.001 

 

SMD denotes standardized mean difference. 95% CI denotes 95% confidence interval. 

* Estimated τ2 = 0.22 (large heterogeneity). Results based on the fixed-effect model were obtained 

via the inverse-variance method. [1,2]. 

 

References 

1. Borenstein, M., Hedges, L. V., Higgins, J. P., & Rothstein, H. R. (2010). A basic introduction to 

fixed‐effect and random‐effects models for meta‐analysis. Research synthesis methods, 1(2), 97-

111. 

2. da Costa, B. R., & Jüni, P. (2014). Systematic reviews and meta-analyses of randomized trials: 

principles and pitfalls. European Heart Journal, 35(47), 3336-3345. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

71 

Web-appendix 15.  Summary effects of viscosupplementation on function (all trials, n = 133 

studies that randomized 16,273 participants). 

 

Model SMD (95% CI) P 

Random-effects *  -0.51 ( -0.61 to -0.42) < 0.001 

Fixed-effect model  -0.35 (-0.38 to -0.32) < 0.001 

 

SMD denotes standardized mean difference. 95% CI denotes 95% confidence interval. 

*Estimated τ2 = 0.25 (large heterogeneity). Results based on the fixed-effect model were obtained 

via the inverse-variance method. Results based on the fixed-effect model were obtained via the 

inverse-variance method [1,2]. 
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Web-appendix 16. Funnel plot of 165 viscosupplementation trials (pain intensity). 
 

 

 

Web-appendix 16. SMD denotes standardized mean difference. All published and unpublished 

trials are included. The analysis involves data from 20,729 randomized patients. Evidence 

suggested an association between precision (standard error) and the magnitude of effect sizes, with 

smaller studies having more impressive estimates of pain reduction than large trials. Most large 

trials are clustered around the null effect (i.e., SMD = 0). The solid line represents Egger’s 

regression line (i.e., the linear prediction of the treatment effect by the observed standard error) with 

lighter colored lines denoting the 95% confidence intervals of predicted values.  Forty-one (25%) of 

the 165 trials reported effect sizes for pain outcomes below -1.0 standard deviation. That magnitude 

of treatment effect can be considered more extreme than the average effect of total knee 

replacement on knee OA pain [1-2]. 
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Web-appendix 17. Funnel plot of 133 viscosupplementation trials (function). 

 

Web-appendix 17. SMD denotes standardized mean difference. Funnel plot assessing small-study 

effects and publication bias (knee function). Results are based on both published and unpublished 

trials (n = 133 trials; 16,273 randomized participants). Evidence suggests an association between 

precision (standard error) and the magnitude of effect sizes, with smaller studies having more 

impressive estimates of physical function improvement than large trials. The solid line represents 

Egger’s regression line (i.e., the linear prediction of the treatment effect by the observed standard 

error) with lighter colored lines denoting the 95% confidence intervals of predicted values.   

.
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Web-appendix 18. Forest plot of 24 large placebo-controlled trials (pain) 
 

Web-appendix 18. Forest plot of large, placebo-controlled trials (pain). Results are based on 

published and unpublished trials (n = 24 trials; 8,997 randomized patients). SMD denotes 

standardized mean difference.  95% CI denotes 95% confidence intervals. Results are based on a 

random-effects model. The shaded area denotes the area of clinical equivalence smaller than the 

minimal clinically important difference (-0.37 to 0.37) on both sides. The dashed line represents the 
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summary (random-effects) estimate. The number of participants analyzed may be smaller than the 

number of randomized participants.  
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Web-appendix 19. Further considerations regarding the magnitude of the effect sizes (main 

analysis – pain intensity) 

  

 The standardized mean difference (SMD) of -0.08 observed for viscosupplementation 

compared to placebo regarding pain intensity in knee OA is among the smallest treatment effects 

observed for osteoarthritis treatments. It is similar to the also clinically irrelevant but statistically 

significant effect reported for paracetamol (acetaminophen) when compared to placebo, with an 

SMD of -0.15 [1]. In contrast, oral and topical non-steroidal anti-inflammatory drugs, when 

compared to placebo, have an SMD of around -0.60 [1,2]. 
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Web-appendix 20. Further considerations regarding subgroup effects (main analysis – pain 

intensity) 

 There was evidence that the first, large-placebo-controlled trial (conducted in Japan and 

reported in Japanese) suggested a more pronounced treatment effect than subsequent trials 

published in English (P=0.02) [1]. This result is identical to the subgroup considering “bias in the 

measurement of the outcome” since the Japanese trial [1] was also judged to be at high risk of bias 

for that domain. 

 Five unpublished large, placebo-controlled trials (2,840 randomized participants) yielded a 

pooled summary estimate that was virtually null (-0.02, 95% CI, -0.17 to 0.13, P=0.87, τ2 =0.02). 
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Web-appendix 21. Forest plot of 19 large, placebo-controlled trials (function) 
 

Web-appendix 21. Forest plot of large, placebo-controlled trials (function) including 19 trials; 

6,307 randomized patients. SMD denotes standardized mean difference. 95% CI denotes 95% 

confidence intervals. The dashed line represents the summary (random-effects) estimate. The 

shaded area denotes the area of clinical equivalence smaller than the minimal clinically important 

difference (-0.37 to 0.37) on both sides. The number of participants analyzed may be smaller than 

the number of randomized participants. 



 

80 

Web-appendix 22. Cumulative evidence on the effectiveness of viscosupplementation for knee 

function based on 19 large, placebo-controlled trials 
 

Web-appendix 22. Cumulative pooled analysis for knee function (n = 19 trials; 6,307 randomized 

participants). Shading represents the area of clinical equivalence (light areas represent the 

equivalence |0.2| margins, whereas darker regions represent the 0.37 superiority margin). Results 

are for the random-effects model. Across years, between-trial variance estimates (τ2) varied between 

0 to 0.02, suggesting low heterogeneity. P-values for equivalence are based on two one-sided tests. 

SMD denotes standardized mean difference. 95% CI denotes 95% confidence intervals. The number 

of participants analyzed may be smaller than the number of randomized participants.
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Web-appendix 23. Serious adverse events based on 15 large, placebo-controlled trials. 
 

 
Web-appendix 23. Forest plot for serious adverse events. Results are based on 15 large, placebo-

controlled trials (6,462 randomized participants). Counts represent the number of participants with 

an event (Yes) or Non-event (No). Results are based on the random-effects model. For trials with 

zero events, a continuity correction was used. Harbord's test indicated no evidence of funnel plot 

asymmetry (P = 0.57). Serious adverse events were typically reported as events resulting in 

hospitalization, prolongation of hospitalization, persistent or significant disability, congenital 

abnormality of offspring, life-threatening events, or death. RR denotes relative risk. 95% CI denotes 

95% confidence interval. The number of participants analyzed may be smaller than the number of 

randomized participants. Given the weak association between viscosupplementation with pain 

reduction in knee osteoarthritis, we considered post-hoc that any increase in the risk of serious 

adverse events caused by viscosupplementation as compared to placebo can be considered a 

minimal clinically important increase [1].  Considering the odds ratio as a metric, the summary odds 

ratio was 1.51 (95% CI = 1.12 to 2.04, P = 0.007, τ2 = 0).  
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Web-appendix 24. List of adverse events reported in large placebo-controlled trials (by trial). 
 

Altman and Moskowitz (1998) 

 

Serious adverse events* 
Viscosupplementation 

(n = 164) 

Placebo 

(n = 168) 

No. of subjects affected 1 0 

No. of events 1 0 

Serious adverse events described, No. 

(%): 
  

Death** 1 (0.61) 0 

* According to the authors: “All serious AEs were considered by the investigators to be the result of 

primary concomitant disease and not to be drug related.” 

 

** Same patient.  

 

Commentary: All other serious adverse events were not described in detail. 

 

 

Brandt (2001) 

 

Serious adverse events* 
Viscosupplementation 

(n = 114) 

Placebo 

(n = 112) 

No. of subjects affected 6 4 

No. of events NR NR 

Serious adverse events described, No. 

(%): 
  

 NR NR 

* According to the authors: “None of the serious adverse events was thought by the investigators to 

have been related to treatment.” “Adverse events included diverticulitis, esophagitis, cholecystitis, 

hyperglycemia, atrial fibrillation, congestive heart failure, deep vein thrombosis, pneumonia, 

asthma, congenital hernia, prostatic disorder, and carcinoma. Only cholecytstitis was reported by 

more than one patient (n=2).” 

 

 

Jubb (2003) 

 

Serious adverse events* 
Viscosupplementation 

(n = 208) 

Placebo 

(n = 200) 

No. of subjects affected 27 14 

No. of events NR NR 

Serious adverse events described, No. 

(%): 
  

Myocardial infarction** 1 (0.48) 0 

Death** 1 (0.48) 0 

* According to the authors: “All serious AEs were considered by the investigators to be the result of 

primary concomitant disease and not to be drug related.” 

 

** Same patient.  

Commentary: All other serious adverse events were not described in detail. 

 



 

84 

Altman (2004) 

 

Serious adverse events* 

 

Viscosupplementation 

(n = 173) 

Placebo 

(n = 174) 

No. of subjects affected 7 3 

No. of events NR NR 

Serious adverse events described, No. 

(%): 

  

 NR NR 

*According to the authors: “Ten patients […] reported serious adverse events (SAEs), all of which 

were assessed by the investigator as being unrelated to the study treatment.” 

Commentary: Serious adverse events were not described in detail. 

 

 

Altman (2009) 

 

Serious adverse events* 

 

Viscosupplementation 

(n = 293) 

Placebo 

(n = 295) 

No. of subjects affected 9 9 

No. of events NR NR 

Serious adverse events described, No. 

(%): 

  

Death (motor vehicle accident) ¶ 0 1 (0.34) 

*According to the authors: “None of the serious TEAE were considered related to study treatment”. 

¶Not considered to be drug related by the investigators. 

Commentary: All other serious adverse events were not described in detail. 

 

 

Chevalier (2010) 

 

Serious adverse events* Viscosupplementation 

(n = 123) 

Placebo 

(n = 130) 

No. of subjects affected 5 3 

No. of events 6 3 

Serious adverse events described, No. 

(%): 

  

Angina pectoris 1 (0.81) 0 

Bradycardia 1 (0.81) 0 

Sinus arrest 1 (0.81) 0 

Inguinal hernia 1 (0.81) 0 

Hernia 1 (0.81) 0 

Non-cardiac chest pain 1 (0.81) 0 

Radial nerve palsy 0 1 (0.78) 

Transitional cell carcinoma 0 1 (0.78) 

Femur fracture 0 1 (0.78) 

 

* According to the authors: Quote: “There were no target knee serious AE and no serious AE that 

were related to the study treatment or the study procedure.” 
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Huang (2011) 

 

Serious adverse events* Viscosupplementation 

(n = 100) 

Placebo 

(n = 98) 

No. of subjects affected** 3 2 

No. of events** 3 2 

Serious adverse events described, No. 

(%): 

  

NR NR NR 

 

* According to the authors: Quote: “All were considered to be unrelated to study treatment.” 

**Assumed to be independent.  

 

Strand (2012) 

 

Serious adverse events* Viscosupplementation 

(n = 247) 

Placebo 

(n = 128) 

No. of subjects affected 8 0 

No. of events 19 0 

Serious adverse events described, No. 

(%): 

  

Ductal carcinoma (Right breast) 1 (0.40) 0 

Cardiac arrest 1 (0.40) 0 

Respiratory arrest 1 (0.40) 0 

Cryptogenic cirrhosis 1 (0.40) 0 

Acute bilateral pulmonary edema 1 (0.40) 0 

Respiratory failure 1 (0.40) 0 

Acute renal failure 1 (0.40) 0 

Hypokalemia 1 (0.40) 0 

Transient ischemic attack 1 (0.40) 0 

Exertional dyspnea 1 (0.40) 0 

Transient blurry vision 1 (0.40) 0 

Dizziness 1 (0.40) 0 

Incarcerated right femoral hernia 1 (0.40) 0 

Abdominal pain left side 1 (0.40) 0 

Abdominal pain 1 (0.40) 0 

Basal cell carcinoma of the face 

(left eyelid and cheek) 

1 (0.40) 0 

Malignant melanoma 1 (0.40) 0 

Prostate cancer 1 (0.40) 0 

Squamous cell carcinoma 1 (0.40) 0 

 

* According to the authors: Quote: “… all judged unrelated to study treatment, including five 

cancers diagnosed soon after treatment administration. These are consistent with the age of the 

study population and neither their timing of occurrence nor pre-clinical data would suggest a 

plausible relationship to administration of Gel-200.” 
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NCT00988091 (2012) 

 

 

Serious adverse events Viscosupplementatio

n  

(n = 295) 

Placebo  

(n = 284) 

No. of subjects affected 13 6 

No. of events 16 8 

Serious adverse events described, No. 

(%): 

  

Bradycardia 1 (0.34)  0  
Cardiac failure congestive  1 (0.34)  0  

Myopericarditis  1 (0.34)  0 
Angina pectoris  0 1 (0.34)  
Atrial fibrillation  0  2 (0.67)  

Urethral intrinsic sphincter deficiency  1 (0.34)  0 
Chest pain  1 (0.34)  0 

Death  1 (0.34)  0 
Intraspinal abscess  1 (0.34)  0 

Pneumonia  1 (0.34)  0 
Femur fracture  1 (0.34)  0 

Upper limb fracture  0  1 (0.34)  
Heart rate irregular  0 1 (0.34)  

Arthralgia  1 (0.34)  0 
Osteoarthritis  1 (0.34)  0 

Back pain  0 1 (0.34)  
Uterine leiomyoma   0 1 (0.34)  

Headache  1 (0.34)  0 
Syncope  0 1 (0.34)  

Urinary incontinence  1 (0.34)  0 
Pelvic prolapse  1 (0.34)  0 
Nephrectomy  1 (0.34)  0 

Spinal fusion surgery  1 (0.34)  0 

 

 

NCT01934218 (2018) 

 

 

Serious adverse events Viscosupplementatio

n  

(n = 404) 

Placebo  

(n = 410) 

No. of subjects affected 7 6 

No. of events 7 7 

Serious adverse events described, No. 

(%): 

  

Coronary artery disease  1 (0.25) 0 

Acute myocardial infarction  0 1 (0.24) 

Aortic valve incompetence  0 1 (0.24) 

Chest pain  0 1 (0.24) 

Osteomyelitis 1 (0.25) 0 

Ankle fracture  0 1 (0.24) 

Arthralgia  1 (0.25) 1 (0.24) 

Joint effusion  1 (0.25) 0 

Basal cell carcinoma  1 (0.25) 0 
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Oesophageal adenocarcinoma  1 (0.25) 0 

Cerebrovascular accident  0 1 (0.24) 

Urinary retention 0 1 (0.24) 

Deep vein thrombosis  1 (0.25) 0 

 

 

Hangody (2017) 

 

Serious adverse events* 
Viscosupplementation 

(n = 150) 

Placebo 

(n = 69) 

No. of subjects affected 0 2 

No. of events NR NR 

Serious adverse events described, No. 

(%): 
  

NR NR NR 
*None of the serious AEs were considered related to treatment and resolved without sequelae. No 

deaths occurred during the study. 

 

 

NCT02495857 (2018) 

 

Serious adverse events 
Viscosupplementation 

(n = 199) 

Placebo 

(n = 197) 

No. of subjects affected 5 3 

No. of events 7 6 

Serious adverse events described, No. 

(%): 
  

Atrioventricular block complete 1 (0.50) 0 

Cardiac arrest 0 0 

Cardiac failure congestive 1 (0.50) 0 

Cardiomyopathy 1 (0.50) 0 

Vertigo 1 (0.50) 0 

Enteritis 0 1 (0.50) 

Gastritis 0 1 (0.50) 

Gastrointestinal haemorrhage 0 1 (0.50) 

Intestinal ischaemia 0 1 (0.50) 

Cholelithiasis 0 1 (0.50) 

Muscle spasms 0 0 

Osteoarthritis 1 (0.50) 0 

Adenocarcinoma of colon 1 (0.50) 0 

Prostate cancer 0 1 (0.50) 

Nephrolithiasis 1 (0.50) 0 
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Petterson and Plantcher (2018) 

 

Serious adverse events* 
Viscosupplementation 

(n = 184) 

Placebo 

(n = 185) 

No. of subjects affected 8 5 

No. of events 9 5 

Serious adverse events described, No. 

(%): 
  

Angina unstable 1 (0.54) 1 (0.54) 

Chest pain 0 1 (0.54) 

Bronchitis 2 (1.09) 0 

Arthralgia 1 (0.54) 0 

Synovitis 1 (0.54) 0 

Basal cell carcinoma 1 (0.54) 0 

Prostate cancer 0 1 (0.54) 

Carotid artery stenosis 1 (0.54) 0 

Abortion spontaneous 1 (0.54) 0 

Suicide attempt 0 1 (0.54) 

Rectocele 1 (0.54) 0 

Epistaxis 0 1 (0.54) 

 

* According to the authors “None of the SAEs in either of the treatment groups was treatment-

related.” SAEs denotes serious adverse events. 

 

 

Ke (2021) 

 

Serious adverse events* 
Viscosupplementation 

(n = 218) 

Placebo 

(n = 220) 

No. of subjects affected 14 10 

No. of events 17 11 

Serious adverse events described, No. 

(%): 
  

Arteriosclerosis coronary artery 1 (0.45) 0 

Abdominal adhesions 1 (0.45) 0 

Bronchitis 1 (0.45) 0 

Hepatitis B 0 1 (0.45) 

Pneumonia 2 (0.90) 2 (0.90) 

Joint injury 0 1 (0.45) 

Ligament sprain 1 (0.45) 0 

Radius fracture 0 1 (0.45) 

Type 2 diabetes mellitus 0 1 (0.45) 

Intervertebral disc protrusion 0 1 (0.45) 

Lumbar spinal stenosis 1 (0.45) 0 

Spinal osteoarthritis 1 (0.45) 1 (0.45) 

Colon cancer 1 (0.45) 0 

Lung adenocarcinoma 1 (0.45) 0 

Ovarian fibroma 1 (0.45) 0 

Rectal cancer 1 (0.45) 0 

Renal cell carcinoma 1 (0.45) 0 

Cerebral infarction 1 (0.45) 1 (0.45) 
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Lacunar infarction 1 (0.45) 0 

Uterine polyp 0 1 (0.45) 

Hypertension 2 (0.90) 1 (0.45) 

 

 

Migliore (2021) 

 

Serious adverse events* 
Viscosupplementation 

(n = 347) 

Placebo 

(n = 345) 

No. of subjects affected 9 9 

No. of events 15 10 

Serious adverse events described, No. 

(%): 
  

NR NR NR 

* According to the authors “None of the SAEs in either of the treatment groups was treatment-

related.” SAEs denotes serious adverse events. 
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Web-appendix 25. Trial sequential analysis (TSA) for knee function based on 19 large, placebo-

controlled trials. 

 

Web-appendix 25. Trial sequential analysis for function (secondary analysis). Results are based on 

19 large placebo-controlled trials – regardless of publication status (6,307 randomized participants). 

Cumulative Z-scores are calculated under a random-effects model. The required information size 

(RIS) was calculated as the sample size that gives a single trial 90% power at a two-sided α=0.005 

to detect equivalence assuming limits of equivalence at 0.37 SD units. O'Brien-Fleming monitoring 

boundaries are represented by green lines. Circles denote the Z score for each additional trial. We 

accounted for between-trial variation using diversity (D2) index-adjusted sample sizes. We assumed 

a D2 of 50%. Non-peer-reviewed reports had their disclosure year defined as the earliest year in 

which the document was first officially created (when available within the file), the year of online 

publication (for instance, "results first posted" date on clinicaltrials.gov), or the date the material 
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was made available to us.  The number of participants analyzed (shown by year) may be smaller 

than the number of randomized participants. 


