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Abstract 

Background:  The Osteoarthritis Research Society International (OARSI) updated their guideline for clinical trials on 
knee osteoarthritis (KOA) in 2015, which contains recommendations for the conduct, design, and reporting of clinical 
trials. The purpose of this study was to assess the quality of clinical trials published between 2010 and 2020 investigat-
ing intra-articular interventions in patients with KOA using the OARSI recommendations.

Methods:  A targeted literature review was conducted to identify randomized controlled trials in patients with KOA 
receiving intra-articular interventions, published between 2010 and 2020. Included studies were assessed using the 
OARSI recommendations. For a comparison between the time periods before and after the introduction of the new 
OARSI recommendations, the year 2016 was selected as the cut-off.

Results:  One hundred forty-eight publications, representing 139 unique trials, were included in this review. Included 
studies adhered to between 9 and 24 recommendations (median: 19). The highest increase in adherence from studies 
published in 2016 or earlier compared to after 2016 was seen in the reporting and registration of trials and the use of 
structural outcome measures. Overall, adherence to the recommendations related to the collection of biochemical 
biomarkers and the use of structural outcome measures remained low.

Conclusion:  An improvement can be made in the conduct, design, and reporting of clinical trials for intra-articular 
therapies in KOA. Despite proper guidelines, quality of clinical trials varies, and the methodological deficiencies found 
are preventable and can be corrected. The quality of research should be considered when making treatment deci-
sions for patients with KOA in clinical practice.
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Background
As the most common disabling joint disease, osteoarthri-
tis (OA) affects over 32.5 million Americans as of 2020 
[1]. Knees are some of the most frequently affected joints, 
resulting in the global prevalence of knee OA (KOA) 

ranging from 1 to 10% among adults [2, 3]. The degen-
eration of the joint cartilage and underlying bone leads 
to stiffness and dull aching upon movement, which pro-
gresses to pain and decreased range of motion [2]. KOA 
is responsible for 2% of years lived with disability [4], 
often results in early retirement [5], and, thus, is a grow-
ing public health issue.

No treatments have been found to slow, prevent, or 
reverse KOA progression. The mainstay of treatments 
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for KOA primarily targets the symptomatic aspects 
of the disease. Nonsteroidal anti-inflammatory drugs 
(NSAIDs), lifestyle adjustments, and intra-articular 
(IA) injections of corticosteroids or hyaluronic acid 
(HA) have shown efficacy for short-term symptomatic 
relief [5–8].

To conduct a scientifically robust clinical trial, the 
methodology and metrology are of great importance. For 
OA, the Osteoarthritis Research Society International 
(OARSI) established a task force in 1996 to help parties 
involved in the design, conduct, and reporting of clini-
cal trials in OA [9]. In 2015, a working group updated 
these recommendations and established guidelines for 
clinical trials that target symptom or structure modifica-
tion among individuals with KOA. The document serves 
as an important and tailored guideline providing strate-
gies to address the heterogeneity of KOA and includes 
25 recommendations regarding randomization, blocking 
and stratification, blinding, enhancing the accuracy of 
patient-reported outcomes (PRO), selecting a study pop-
ulation and index knee, describing interventions, patient-
reported and physical performance measures, structural 
outcome measures, biochemical biomarkers, and report-
ing recommendations [10].

This study assessed the OARSI recommendations on 
clinical trials published between 2010 and 2020 investi-
gating the efficacy or safety IA interventions in patients 
with KOA via a targeted literature review. The purpose of 
this study was to determine the impact of the OARSI rec-
ommendations on the design, conduct, and reporting of 
clinical trials after, as compared to before, the publication 
of the OARSI recommendations in 2015.

Methods
Search strategy
Relevant studies were identified on January 13, 2021, by 
searching the Cochrane Controlled Register of Trials (via 
Ovid) for publications of randomized controlled trials 
(RCTs) in KOA that were published between 2010 and 
2020 inclusive (available in Additional file 1).

Study selection and extraction
The study eligibility criteria were defined using the Popu-
lation, Intervention, Comparator, and Outcome (PICO) 
framework. RCTs that targeted symptom or structure 
modification and investigated intra-articular therapies 
in adult patients with KOA were included. Only English-
language publications and studies published between 
2010 and 2020 were included. Eligible studies were 
included for data extraction and assessment using the 
OARSI recommendations.

Assessment of clinical trials
The quality of study conduct, design, and reporting of 
eligible trials was assessed using the OARSI clinical tri-
als recommendations [10], based on published journal 
articles and additional online trial registry records and 
study protocols when available. The authors assessed 
the trials independently of each other. Each OARSI 
recommendation was assessed as either “yes”, “no”, 
“unclear”, or “not applicable” as to whether the recom-
mendation was addressed. Recommendations that were 
deemed as either “yes” or “not applicable” were consid-
ered to be adequately addressed or adhered to. Addi-
tionally, the 25 recommendations were categorized into 
18 domains, as outlined in the OARSI guideline [10]. 
An overview of all 25 OARSI recommendations and 18 
domains is depicted in Table 1.

Adherence to OARSI recommendations
Adherence was assessed as the number of OARSI 
recommendations that were completely addressed 
for each clinical trial. To compare adherence to the 
OARSI recommendations before and after the 2015 
update, the year 2016 was selected as the cut-off to 
accommodate time for the uptake of the published 
guideline.

Furthermore, studies were categorized as having low 
or high adherence to the OARSI recommendations. The 
decision for a cut-off value was data-driven and based 
on the median number of OARSI recommendations 
that were adequately addressed across all clinical trials. 
Low adherence was defined as addressing less than the 
median number of recommendations and high adher-
ence was defined as addressing the median number of 
recommendations or more. Finally, a select number of 
publications were randomly chosen and described in 
greater detail as case studies of publications with low 
and high adherence.

Results
Study selection
After screening 1873 titles and abstracts, 166 full-text 
articles were reviewed for eligibility. Of these, 148 
publications (139 unique trials) were included in this 
review Fig. 1.

Trial characteristics
Of the 139 unique trials, 74 were published in 2016 or ear-
lier and 65 were published after 2016 (available in Addi-
tional file 2). 109 trials started enrollment in 2016 or earlier 
and 30 did not specify the enrollment year. Of the studies 
that did not specify the enrollment year, 23 were published 
in 2016 or earlier, and 7 were published after 2016.
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Most studies were conducted in Asia (n = 46), fol-
lowed by Europe (n = 33), North America (n = 25), 
South America (n = 9), Australia (n = 2), and Africa 
(n = 1). Other trials were conducted multi-nationally 

(n = 21), or the study location was not reported (n = 2). 
In terms of blinding, 89 double-blind, 30 open-label, 
and 13 single-blind studies were included. Four stud-
ies did not report blinding procedures. The sample size 

Table 1  OARSI clinical trials recommendations [10]

Domain Recommendations

Randomization 1. Trial methodology includes effective randomization procedures that ensure that members of 
the study team and participants remain unable to predict or influence their treatment assign-
ment.

Blocking and stratification 2. Any stratification and/or subset analyses are specified prior to study development.

Blinding 3. Adequate blinding procedures are used to prevent disclosure of allocation to participants and 
study staff.

4. If adequate blinding is not possible, an independent staff member, ideally not aware of the 
study hypotheses, performs the assessments or procedures that may lead to disclosure of alloca-
tion assignment (e.g., injections or exercise intervention).

5. It is clearly indicated who was blinded and the mechanisms by which this was accomplished 
are described.

Expectations 6. Research staff is trained about the importance of equipoise when discussing the study inter-
ventions with the participants.

Washout periods and concomitant pain medications 7. Design strategies are adopted to manage confounding by concomitant medications.

Outcome reporting training 8. Steps are taken to ensure consistency and accuracy of outcome reporting by participants.

Comorbidities and subphenotypes 9. Study design is explicit about inclusion or exclusion of comorbidities.

10. Planning is conducted for recruiting or analyzing sub-phenotypes.

Characterizing baseline disease 11. The severity of the disease, the pathological sub-phenotype (e.g., synovitic, bone marrow 
lesion, meniscal), structural sub-phenotype (e.g., knee compartment), and pain sub-phenotype 
(e.g., neuropathic, nociceptive) are characterized at baseline

Selecting an index knee 12. If selection of an index knee is required, selection strategy is defined in advance.

Symptom-modifying interventions 13. Symptomatic cut-points are selected to avoid ceiling or floor effects and permit analysis of 
the minimally clinically important differences.

Structure-modifying interventions 14. Structural severity cut-off points are selected to avoid ceiling or floor effects and permit 
analysis of the minimally clinically important differences.

Trial interventions 15. Interventions (active and placebo) are described in sufficient detail to allow others to repli-
cate them.

Trial outcome measures 16. Trials use patient-reported and objective outcome measures that are valid, reliable, and 
responsive to change.

17. Primary and secondary outcome measures are defined a priori and indicated when register-
ing a trial.

Patient-reported outcome measures 18. Symptomatic outcomes are assessed using the three core clinical measures: pain, physical 
function, and patient global assessment.

Objective outcome measures (e.g., physical function) 19. A set of physical performance measures for knee OA are used.

Structural outcome measures 20. Radiography or MRI are used for demonstration of structure modification. The choice of 
imaging technique and outcome measures (primary and secondary) should be predicated on 
the expected mechanism of the intervention (e.g., synovitis/effusion volume for anti-inflamma-
tory agents)

21. Reliability and other metrics of measurement error and sensitivity, including scan-rescan 
reproducibility, are assessed at each study site.

22. Disease modification is defined as an improvement in KOA-related symptoms (e.g., joint pain) 
and one of the following structural outcomes: reduction or reversal of joint space narrowing 
(continuous outcome); or reducing the progression of cartilage damage or reversal of cartilage 
damage on MRI (e.g., thickness, denudation).

Biochemical biomarkers 23. Biological fluids are collected and stored to assess the metabolic effect of a treatment on 
joint tissues.

Reporting 24. The clinical trial is registered in the appropriate registry prior to enrolling participants (e.g., 
Clini​caltr​ials.​gov).

25. The clinical trial methodology and results are reported in a format that allows for their inclu-
sion in pooled analyses.

http://clinicaltrials.gov
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ranged from 16 to 549 (median = 80), and the study 
follow-up ranged from 4 to 390 (median = 26) weeks 
across trials.

IA therapies included HA (n = 80 studies), corticoster-
oids (n = 29), platelet-rich plasma (n = 25), mesenchymal 
stem cells (n = 19), botulinum toxin A (n = 6), anesthetics 
(n = 5), NSAIDs (n = 3), ozone (n = 3), polynucleotides 
(n = 3), sprifermin (n = 3), TissueGene-C (n = 3), albu-
min (n = 2), and dextrose (n = 2). Other IA therapies were 
adalimumab, tropomyosin receptor kinase A inhibitor, 
clodronate, collagen, sodium bicarbonate, calcium glu-
conate, BIOF2 (a mixture of corticosteroid, insulin, and 
organic acids), and recombinant human bone morphoge-
netic protein (BMP-7).

Assessment of OARSI guidelines
Included studies adhered to between 9 and 24 (median: 
19) of the 25 OARSI recommendations. The distribution 
of the number of addressed OARSI recommendations 
across trials is illustrated in Fig. 2.

Trial design domains: recommendations #1‑#8
The majority of studies included effective randomiza-
tion procedures (recommendation #1; n = 124; 89.2%), 
specified stratification or subset analyses a priori 

when applicable (recommendation #2; n = 132; 95.0%), 
included adequate blinding procedures (recommenda-
tions #3-#5; n = 90; 64.7%), adopted strategies to manage 
confounding by concomitant medications (recommen-
dation #7; n = 115; 82.7%), and ensured consistency and 
accuracy of outcome reporting by participants (rec-
ommendation #8; n = 138; 99.3%). None of the stud-
ies reported the training of research staff regarding the 
importance of equipoise when discussing the study with 
participants (recommendation #6).

Study sample and patient selection domains: 
recommendations #9‑#14
Most studies were explicit in terms of the inclusion of 
comorbidities or subphenotypes (recommendations 
#9-#10; n = 132; 95.0%), characterized KOA sever-
ity at baseline (recommendation #11; n = 124; 89.2%), 
and reported structural severity cut-points, such as a 
minimum Kellgren-Lawrence grade, for the inclusion 
of participants (recommendation #14; n = 125; 89.9%). 
Less studies adhered to the recommendation for symp-
tom-modifying interventions (recommendation #13), 
as merely 69.8% of studies (n = 97) used symptomatic 
cut-points for the inclusion of study participants. These 
cut-points are recommended to avoid ceiling or floor 

Fig. 1  PRISMA flow diagram
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effects of an intervention. For example, one study only 
included KOA patients with a baseline knee pain score 
of ≥30 mm on a 100-mm visual analog scale (VAS) [11], 
while another used a score of ≥4 on a 10-point numeric 
scale for the inclusion of patients [12]. Using these cut-
points ensures that patients experience sufficient pain or 
other symptoms to demonstrate a potential symptom-
modifying effect of the intervention. Additionally, lower 
adherence rates were seen for selecting an index knee 
(recommendation #12; n = 89; 64.0%), as not all stud-
ies defined a strategy for the selection of the target knee 
when applicable.

Trial interventions domain: recommendation #15
Most studies (n = 135; 97.1%) described the trial inter-
ventions (recommendation #15) in sufficient detail 
to allow replication of the study. Intervention details 
included its dose and frequency of administration.

Outcome measures domains: recommendations #16‑#23
Most studies used and defined valid and reliable primary 
and secondary outcomes, addressing the trial outcome 
measures recommendations (recommendations #16-#17; 
n = 111; 79.9%), and assessed PROs regarding pain, func-
tion, and patient global assessment (recommendation 
#18; n = 134; 96.4%). However, fewer studies used objec-
tive outcome measures (recommendation #19; n = 22; 
15.8%) or used magnetic resonance imaging (MRI) or 
radiography to demonstrate structure modification (rec-
ommendations #20-#22; n = 50; 36.0%). Examples of 
structure modification measures that were reported in 
studies included changes in joint space width [13–16] and 
articular cartilage volume [14, 17, 18]. Another recom-
mendation with low adherence was the recommendation 

for the use of biochemical biomarkers (recommendation 
#23). In total, 22 studies (15.8%) collected and stored 
biological fluids, such as blood or synovial fluid, to 
assess the metabolic effect of an intervention on joint 
tissues. Collected biomarkers varied across studies, and 
included inflammatory biomarkers (e.g., cytokines and 
chemokines), collagenous biomarkers, non-collagenous 
biomarkers (e.g., cartilage oligomeric matrix protein and 
hyaluronan), and others.

Trial registration and reporting domains: recommendations 
#24‑#25
All but one of the studies sufficiently reported clinical 
trial methodology and results in a format that allows for 
their inclusion in pooled analyses (recommendation #25; 
n = 138; 99.3%). However, not all studies reported regis-
tering the clinical trial in an appropriate trial registry or 
registered the clinical trial prior to enrollment (recom-
mendation #24; n = 53; 38.1%).

Comparison between time periods
Overall, the adherence of studies published after 2016 
(n = 65), compared to 2016 or earlier (n = 74), was trend-
wise higher. Studies published in 2016 or earlier adhered 
to a median number of 18 recommendations (range: 11 
to 24), while studies published after 2016 adhered to a 
median number of 19 recommendations (range: 9 to 24). 
The distribution of the number of addressed OARSI rec-
ommendations stratified by publication year can be seen 
in Fig. 3.

Adherence to the OARSI recommendations was com-
pared between time periods per each of the 18 domains, 
consisting of multiple recommendations. The domain 
with the highest increase in adherence from studies 

Fig. 2  Distribution of the number of addressed OARSI recommendations across trials (max. Number of 25 recommendations; median was 19 
recommendations)
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published after 2016 compared with 2016 or earlier was 
the reporting domain (recommendations #24-#25; 25.7 
to 52.3%), followed by the structural outcome measures 
(recommendations #20-#22; 10.8 to 21.5%), structure-
modifying interventions (recommendation #14; 86.5 to 
93.8%), and comorbidities/subphenotypes domains (rec-
ommendations #9-#10; 91.9 to 98.5%). The proportion of 
studies within each time period that fully addressed the 
OARSI recommendations per domain, stratified by pub-
lication year, is depicted in Fig. 4.

Overall, 67 studies (48.2%) had low adherence to the 
OARSI recommendations based on our definitions (i.e., 
adhered to < 19 recommendations), whereas 72 stud-
ies (51.8%) had high adherence. Across low adherence 
studies, an increase in adherence to the recommenda-
tions of the reporting domain (recommendations #24-
#25; 10.5 to 32.1%) was seen for studies published after 
2016 compared with 2016 or earlier. However, a decline 
in adherence was also seen for certain domains, includ-
ing the washout periods and concomitant pain medica-
tions (recommendation #7; 76.3 to 57.1%), objective 
outcome measures (recommendation #19; 23.7 to 10.7%), 
and blinding domains (recommendations #3-#5; 44.7 to 
32.1%). The adherence rates for all domains of the OARSI 
guidelines are depicted in Fig.  5, which illustrates the 
proportion of low adherence studies that fully addressed 
the OARSI recommendations per domain, stratified by 
publication year (i.e., ≤ 2016 versus > 2016).

Across high adherence studies, the lowest adherence 
was seen for the trial registration and reporting domain 

(recommendations #24-#25) for studies published in 
2016 or earlier, while for studies published after 2016, 
the objective outcome measures (recommendation #19), 
structural outcome measures (recommendations #20-
#22), and biochemical biomarkers (recommendation 
#23) domains were adhered to the least. Compared with 
studies published in 2016 or earlier, adherence increased 
across studies published after 2016, especially for the 
reporting (recommendation #24-#25; 41.7 to 67.6%), 
objective outcome measures (recommendation #19; 44.4 
to 59.5%), structural outcome measures (recommen-
dations #20-#22; 22.2 to 32.4%), and biochemical bio-
markers domains (recommendation #23; 19.4 to 27.8%). 
However, for other domains, adherence remained the 
same or even declined (Fig. 6).

Case studies
Two low adherence and two high adherence publications 
were selected as case studies for illustration [19–22]. 
Table 2 highlights the differences between these publica-
tions with regards to the OARSI domain assessments.

Low adherence studies
The study by Al-Omran et  al. (2014) randomized 
227 patients to one of three HA products: Osteonil®, 
Durolane®, or Synvisc® [21]. The authors concluded that 
all three agents provide significant symptomatic relief 
with “marginal superiority” of Synvisc over the other two 
products. The study was not sponsored, and the authors 
declared no competing interest or potential conflicts of 

Fig. 3  Distribution of the number of addressed OARSI recommendations across trials (max. Number of 25 recommendations), stratified by 
publication year
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interest. This study addressed only 11 OARSI recom-
mendations, as several methodological and reporting 
deficiencies were identified. First, recommendations #1, 
#3, and #5 were not addressed as their randomization 
and blinding procedures were not reported. Recom-
mendations #11 and #12 were also not addressed as the 
authors did not characterize the disease at baseline and 
did not report their strategy on selecting an index knee. 
Recommendation #13 was not addressed as no symp-
tomatic cut-point was included in the study’s eligibility 

criteria. Additionally, the authors did not provide suf-
ficient details on the interventions to permit others to 
replicate the study (recommendation #15). For example, 
details regarding the dose and frequency of administra-
tion were not provided. Recommendations #18, #19, #20, 
#22, and #23 were inadequately addressed, as the publica-
tion did not report on all three core clinical measures, did 
not report on an objective physical performance outcome 
measure, and did not measure any structural outcome 
measures or biochemical biomarkers. Lastly, the trial 

Fig. 4  Proportion of studies that fully addressed the OARSI recommendations per domain, stratified by publication year
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was not registered prior to enrollment (recommendation 
#24).

The study by McGrath et  al. (2013) recruited 213 
patients to receive either Durolane® or Synvisc® [19]. 
The authors concluded that significant differences were 
noted in efficacy and adverse reactions between the two 
interventions, favoring Durolane; however, the study 
also suffered from several limitations and addressed 
only 12 recommendations. First, randomization pro-
cedures were not reported (recommendation #1), 
and it is unclear how many patients were randomized 
and evaluated. Authors stated that 213 patients were 

recruited and a final sample size of 168 (a difference of 
45 patients); however, they reported only 31 patients as 
lost to follow-up, leaving 14 patients unaccounted for. 
Additionally, they did not characterize baseline disease 
(recommendation #11), did not include a symptomatic 
cut-point in their eligibility criteria (recommendation 
#13), and did not describe the trial interventions in 
sufficient detail to allow others to replicate this study 
(recommendation #15). Information on Durolane and 
Synvisc was provided in the introduction section of the 
article, where both were described as a single-injec-
tion therapy, but the authors did not provide further 

Fig. 5  Proportion of low adherence studies that fully addressed the OARSI recommendations per domain, stratified by publication year
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details for the specific dose and administration regimen 
used in this study. However, at one point, the authors 
described patients receiving Synvisc as the “Synvisc-3 
group”, which implies three injections were given, leav-
ing intervention details unclear. Furthermore, recom-
mendations #3 and #5 were not addressed, as blinding 
procedures were not reported, and if single-injec-
tion Durolane was compared to 3-injection Synvisc, 

blinding may have been compromised. Recommenda-
tions #17, #20, #22, and #23 were also not addressed, as 
the primary and secondary outcomes were not defined, 
and structural outcomes and biochemical biomarkers 
were not measured. Lastly, recommendations #24 and 
#25 were not addressed as the trial was not registered 
prior to enrollment, and there was insufficient infor-
mation for its inclusion in a pooled analysis. Baseline 

Fig. 6  Proportion of high adherence studies that fully addressed the OARSI recommendations per domain, stratified by publication year
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demographics, including the sample sizes, were not 
described, and the number of adverse events was not 
reported separately for each intervention. Of note, 
study sponsorship and potential conflicts of interest 
were not disclosed.

High adherence studies
Chevalier et al. (2010) randomized 253 patients to either 
Synvisc or placebo [22]. The study was sponsored by the 
intervention’s manufacturer. The authors concluded that 
Synvisc is safe and effective in providing statistically sig-
nificant and clinically relevant pain relief over 26 weeks. 
The study adhered to 19 recommendations and failed to 
address only six OARSI recommendations. Reasons for 
not adhering to all recommendations include that the 
authors did not define their strategy for selecting the 
index knee (recommendation #12), and did not measure 
an objective physical performance outcome (recommen-
dation #19), structural outcome (recommendations #20-
#22), or biochemical biomarkers (recommendation #23).

In a 2017 McAlindon et  al. publication, the authors 
conducted a trial evaluating IA-corticosteroid (triamci-
nolone) versus placebo [20]. A total of 140 patients were 

randomized and followed for 2 years. The study was not 
industry-sponsored, and the intervention was purchased 
from the manufacturer. This study failed to address only 
one OARSI recommendation, as the authors did not 
report the training of research staff regarding the impor-
tance of equipoise when discussing the study interven-
tions with patients (recommendation #6), resulting in 24 
addressed recommendations.

These case studies further exemplify the methodologi-
cal and reporting differences between trials that were less 
versus more adherent to the OARSI recommendations. 
Though these studies all report on interventions within 
the same treatment category (i.e., IA injections), or even 
within the same treatment brand (e.g., Synvisc), clear dif-
ferences are seen.

Discussion
The current study assessed the adherence of clinical trials 
published between 2010 and 2020 investigating IA inter-
ventions in patients with KOA to the 2015 OARSI rec-
ommendations. A slight increase in adherence for studies 
published after the introduction of the 2015 OARSI rec-
ommendations was observed. The highest increase in 

Table 2  Case study summary

✓ = Recommendation was adequately addressed in the trial publication or was not applicable

Domain Low adherence (addressed < 19 
recommendations)

High adherence (addressed ≥ 19 
recommendations)

McGrath, 2013 Al-Omran, 2014 McAlindon, 2017 Chevalier, 2010

Randomization (max. ✓) ✓ ✓
Blocking/stratification (max. ✓) ✓ ✓ ✓ ✓
Blinding (max. ✓✓✓) ✓ ✓ ✓✓✓ ✓✓✓
Expectations (max. ✓)

Washout periods/concomitant medications (max. ✓) ✓ ✓ ✓ ✓
Outcome reporting training (max. ✓) ✓ ✓ ✓ ✓
Comorbidities/
subphenotypes (max. ✓✓)

✓✓ ✓✓ ✓✓ ✓✓

Characterizing baseline disease (max. ✓) ✓ ✓
Selecting an index knee
(max. ✓)

✓ ✓

Symptom-modifying interventions (max. ✓) ✓ ✓
Structure-modifying interventions (max. ✓) ✓ ✓ ✓ ✓
Trial interventions
(max. ✓)

✓ ✓

Trial outcome measures
(max. ✓✓)

✓ ✓✓ ✓✓ ✓✓

Patient-reported outcome measures (max. ✓) ✓ ✓ ✓
Objective outcome measures (max. ✓) ✓ ✓
Structural outcome measures (max. ✓✓✓) ✓ ✓ ✓✓✓ ✓
Biochemical biomarkers (max. ✓) ✓
Reporting (max. ✓✓) ✓ ✓✓ ✓✓
Total number of addressed recommendations 12 11 24 19
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adherence was seen in  the reporting and registration of 
the trial, and the use of structural outcome measures. 
Despite an overall increase in adherence after the intro-
duction of the new OARSI recommendations, adherence 
remained low in terms of training research staff about 
the importance of equipoise when discussing treatments 
with study participants, the measurement of biochemical 
biomarkers, and the use of structural outcome measures.

These findings suggest that there has been a slight 
improvement in the design, conduct, and reporting of 
clinical trials investigating the efficacy or safety of IA 
interventions for KOA over time in the last decade. After 
the introduction of the new OARSI recommendations, 
more trials were registered prior to study enrollment, 
more trials collected biological fluids of patients to assess 
the metabolic effects of interventions on joint tissues, 
and more trials measured and reported on using MRI or 
radiography to demonstrate structure modification in the 
knee joint. Lastly, more trials reported on patient comor-
bidities and subphenotypes, which could help clinicians 
identify appropriate patient types for different treat-
ments [23]. The design, conduct, and reporting of these 
trials could be improved further by evaluating physical 
performance measures for KOA, defining strategies for 
the selection of the index knee (when applicable), and 
using and reporting adequate blinding procedures. Ade-
quate blinding is especially important in KOA research, 
as outcomes such as pain and disability are subjective 
and patient-reported [24]. However, as illustrated with 
the four case studies [19–22], all methodological deci-
sions can influence the interpretation of study results. 
For instance, the studies by McGrath et al. [19] and Al-
Omran et al. [21] both compared Durolane and Synvisc, 
but reported contradicting results, which may be due 
partially to differences in the conduct and design of the 
trials, with McGrath et al. describing a greater improve-
ment with Durolane, while Al-Omran et  al. reported a 
superior effect of Synvisc. Thus, limitations in the con-
duct and reporting of clinical trials can lead to biased 
results and should be prevented to the fullest extent pos-
sible in order to compare between studies evaluating the 
same treatment comparison more accurately (i.e., meth-
odological heterogeneity) [25–27].

To the best of our knowledge, no prior studies have 
been conducted on the quality assessment of KOA tri-
als on IA injections using the OARSI recommenda-
tions; however, similar studies using other study quality 
and reporting guidelines exist [24, 25, 28, 29]. Chan 
et  al. (2021) showed that the use of different guidelines 
to assess clinical trial quality can lead to different quality 
scoring, using the Oxford Levels of Evidence [30], a mod-
ified Coleman Methodology Score [31], and the revised 
Consolidated Standards of Reporting Trials (CONSORT) 

score [32]. Although their study included only clinical 
trials on platelet-rich plasma, similar methodological 
weaknesses of clinical trials were found, including the 
measurement of clinical effects, blinding, allocation con-
cealment, and the implementation of randomization [28]. 
Boutron et al. (2003) reported that the overall quality of 
clinical trials on nonpharmacological and pharmacologi-
cal interventions for hip and knee OA was poor. Quality 
was assessed using the Jadad scale [33] and the Delphi 
list [34] and, similarly, the greatest methodological defi-
ciencies found were the lack of blinding and allocation 
concealment, and inadequate randomization procedures 
[24]. This was confirmed by a study by Hill et al. (2002), 
who assessed the quality of RCTs in rheumatology 
between 1987 and 1988 and 1997–1998 [29]. Similarly, 
the authors reported an improvement in the overall qual-
ity of RCTs over time, despite remaining deficiencies.

A deficiency across clinical trials that was found in 
the current review was a lack of reporting on biochemi-
cal biomarkers. Specific biomarkers related to metabolic 
changes due to KOA may be used for monitoring its pro-
gression, as well as for treatment development [35, 36]. 
This is a topic that is gaining interest in KOA research, 
especially since current trials focus mostly on PROs and 
are unable to show metabolic changes of therapies on 
joint tissues. However, there is currently no consensus 
on the collection of a specific set of biomarkers, as only 
a small number of biomarkers involved in the develop-
ment of KOA have been identified so far [10, 36–38]. 
For example, Yang et  al. (2015) showed that treatment 
with HA injections significantly reduced the concentra-
tion of cytokine interleukin-1β (IL-1β) in synovial fluid 
[39], while a study by Henrotin et  al. (2017) reported 
decreased levels of serum Coll2–1 [40]. Both IL-1β and 
Coll2–1 are biomarkers of cartilage degradation in KOA 
and could be potentially used to assess treatment effects 
of HA injections [39, 40]. Despite the overall variabil-
ity of reported biomarkers and their metabolic effect on 
joint tissues, collecting biological fluids is of importance 
in order to qualify a biomarker or a cluster of biomarkers 
for the development of drugs for KOA treatment [10].

The current study used the OARSI recommendations, 
which is a recently published guideline developed spe-
cifically for the assessment of KOA trials and takes into 
consideration unique challenges in this field; however, 
a limitation of the current study was that by using only 
one set of recommendations, important criteria may have 
been missed that are included in other guidelines, such 
as the inclusion of an intention-to-treat (ITT) analysis 
[34], study sample size and follow-up [31, 33], and fund-
ing [32]. Secondly, a lack of reporting does not necessar-
ily mean that certain procedures were not done properly; 
the fault might have been in the reporting only, not in the 
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conduct or design of the trial [24, 29]. This may explain 
the lack of reporting for recommendation #6 (training 
staff in equipoise). Thirdly, this study was a targeted lit-
erature review with the intention to provide a narrative 
summary of the most relevant findings related to the 
stated objectives of the study without providing addi-
tional statistical analyses. As well, only one database 
was searched, thus some relevant studies might have 
been missed if they are not indexed in this particular 
database. Finally, the impact of the introduction of the 
new OARSI recommendations in 2015 on trial quality 
remains unclear. Although all included trials were pub-
lished between 2010 to 2020, most were conducted prior 
to 2016. More time may be needed to assess the uptake 
of the OARSI recommendations more accurately among 
KOA investigators. A lack of awareness and consensus on 
guidelines such as the OARSI may also explain the wide 
range of adherence levels, especially for certain recom-
mendations that consistently demonstrated low adher-
ence; therefore, broad dissemination and acceptance of 
such guidance is a common goal that the KOA research 
community should strive to achieve.

While the OARSI guidelines do refer readers to the 
CONSORT statement for general design of clinical tri-
als, future updates to the recommendations in KOA 
trials could make considerations to include the more 
general, yet still important, criteria in trial design. For 
example, the ITT approach analyzes patients accord-
ing to the group they were originally assigned in order 
to preserve the prognostic balance between treatment 
groups [41]. This is an important consideration in RCTs 
as deviations from this method of analysis may result in 
biased and inaccurate estimates of comparative treat-
ment effects. The study’s sample size is also an impor-
tant factor when planning a RCT as the results of a trial 
need to be interpreted within the context of a number 
of statistical parameters (e.g., statistical power, alpha 
level, etc.) [32]; therefore, how the study investigators 
determined the final sample size should also be reported. 
Funding or sponsorship is another criterion that may be 
added to the OARSI recommendations, as this can intro-
duce bias into many aspects of a clinical trial’s design 
and reporting [42].

Conclusion
This study suggests that an improvement can be made 
in the conduct, design, and reporting of clinical tri-
als for IA therapies in KOA. Despite proper guide-
lines, the trial quality varies, and the methodological 
deficiencies found are preventable and can be cor-
rected. Continued efforts are needed to improve the 
quality of KOA trials with a focus on the use of bio-
chemical biomarkers and reporting of comorbidities 

and KOA subphenotypes. This will allow improved 
comparison and consistency between trials and will 
in turn allow clinicians to interpret the literature with 
more certainty, leading to better treatment decisions 
for patients with KOA in clinical practice. Lastly, this 
study may provide some insight for future modifica-
tions to the OARSI guidelines themselves.
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