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Intra-articular infiltration therapy for
patients with glenohumeral osteoarthritis:
A systematic review of the literature
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ABSTRACT

Background: Conservative treatments are especially in patients with glenohumeral osteoarthritis
(GH-OA) important, since shoulder arthroplasty has its limitations. In this systematic review, we
will evaluate the current evidence regarding the efficacy of intra-articular (IA) infiltration treatment
options in patients with GH-OA.

Materials and Methods: The following databases are searched: Pubmed/Medline, Cochrane
Clinical Trial Register, Embase and the WHO clinical trial register. All IA injection products used
for the treatment of shoulder OA in humans are included.

Results: A total of 8 studies could be included in this review. Hyaluronic acid (HA) showed effect
sizes of 2.07, 2.02 and 2.11 at 6, 12 and 26 weeks follow-up, respectively. Placebo (1.60, 1.82
and 1.68) also showed stable effect sizes at the same time points. The efficacy of corticosteroids
(CS) decreased rapidly at follow-up (1.08, 0.43 and 0.19). Although statistical significant, the
maximum difference in effect sizes between HA and placebo was only 0.43 with absolute values
between 2.0 and 6.4 on a 100-point visual analogue score for pain.

Conclusion: IA treatment with HA has a good efficacy at follow-up compared to baseline. However,
the difference in efficacy between HA and placebo never reaches the minimal clinically important
difference at any of the follow-up points. We are not able to give clear recommendations for the
use of IA CS injections in patients with GH-OA. In future research, we recommend focusing on
sufficiently powered randomized trials to compare the efficacies of HA, CS, placebo and other IA
treatment options in patients with GH-OA.
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INTRODUCTION

Glenohumeral osteoarthritis (GH-OA) is characterized by a
gradual, progressive, mechanical, and biochemical breakdown of
the articular cartilage and other joint tissues, including bone and
joint capsule. As the articular surface wears, friction within the
joint increases and causes progressive loss of the normal load-
bearing surfaces with pain, stiffness and disability as a result.
Patients can have pain at night, especially when the patient
lies on the affected shoulder.!"s! The cause of GH-OA can be
divided into a primary or secondary type, resulting from trauma

(fracture or instability), inflammatory arthropathies, or genetic
predisposition.™ Painful GH-OA is difficult to treat and highly
disabling.>*! Shoulder arthroplasty is effective at reducing pain
and improving range of motion,"” but complications such
as periprosthetic fractures, infections and instability of the
joint are not unusual.® In clinical practice, the most effective
nonsurgical treatments of shoulder OA are a combination of
therapies, customized to patients requirements, rather than
a single drug or a single nonsurgical intervention."? Several
nonsurgical treatment options for GH-OA are widely known.
Changes in daily activities and occupation should be considered.
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Physical therapy can be advised to keep range motion and
muscle strength. However, an incongruent shoulder joint can
lead to an increase of pain."®! Pharmacological treatments,
including acetaminophen (first pharmacological option),
nonsteroidal anti-inflammatory drugs (NSAIDs), narcotic and
nonnarcotic analgesics and intra-articular (IA) injections of
corticosteroids (CS) or hyaluronic acid (HA), have been the
mainstay of nonsurgical treatment.!**3 Analgesics and NSAIDs
can be insufficient and can be associated with (well-known)
adverse effects, especially in the elderly patient.+*7 The use
of IA CS and HA in patients with OA is well documented.
Especially concerning knee OA, a large number of studies
is published about the efficacy of different IA administered
treatments. Several reviews conclude that HA has a positive
effect on pain.'®9 However, in the systematic review and
meta-analysis of Colen er al., a large placebo effect was shown
in the knee and hip."®*! The difference between the efficacies
of IA administered HA and placebo was considered significant,
but not reaching the minimum clinically important difference
(MCID). Bannuru et al. showed in a meta-analysis that HA is
superior to CS after 8 weeks.”! However, CS is more effective
up to 4 weeks after IA administration. We are not aware of a
published review concerning the efficacy of the different IA
infiltration treatment options for GH-OA. In this systematic
review, we will describe and evaluate the current evidence
regarding efficacy of the several IA infiltration treatment options
of patients with GH-OA with or without a rotator cuff tears.

MATERIALS AND METHODS

Inclusion criteria

Types of studies

A search of the literature performed for this review was limited
to published original reports concerning the IA injection
treatment of adults with GH-OA. Studies form levels I to IV
were included [Table 1]. Abstracts from scientific meetings,
unpublished reports, case reports, expert opinions and review
articles were not included.

Types of participants

Inclusion was limited to articles on male and female adult
humans with primary and secondary GH-OA. The diagnosis
of GH-OA was made by history, physical examination and
radiology. Patients with bilateral GH-OA were also included.

Studies focussing on “OA of the acromion-clavicular joint,”

” o«

“shoulder impingement,” “rotator cuff tendinopathy,” “adhesive

capsulitis” and “periarthritis” were not included in the current

Table 1: Level of evidence

Level I: High-quality prospective randomized clinical trial
Level Il: Prospective comparative study

Level Ill: Retrospective case control study

Level IV: Case series

Level V: Expert opinion

115

review. A mixed population of OA and other pathologies was
included if the OA population could be analyzed separately.

Types of intervention

AllTA injection products (corticoids, HA, platelet rich plasma,
stem cells, and anti-inflammatory drugs) used for the treatment
of shoulder OA in humans were included. Studies comparing
one of the TA injections with another active or placebo
treatment were also included. All approaches (posterior and
anterior) and techniques (ultrasound or fluoroscopic guided or
no guidance) of [A administration were included.

Types of outcomes measures

The Outcome Measures in Rheumatology (OMERACT) III
core set of outcome measures was considered for analysis;
pain, physical function and patient global assessment.kd The
minimum criterion for inclusion of the trial in the review was
the adequate reporting of at least one of the outcome variables.
Information regarding other outcome measures and adverse
events was extracted and analyzed when feasible.

Search strategy for identification of studies

The following databases were searched: Pubmed/Medline
(period 1966 to June 1st 2013), Cochrane Clinical Trial Register
(1988 to June 1st 2013), Embase (January 1988 to June 1st
2013) and the WHO clinical trial register to identify all articles
concerning the IA injection therapy for GH-OA. The search was
independently performed by two authors (SC and PG). When
using the search terms (Viscosupplementation OR HA OR CS
OR platelet rich plasma OR stem cells OR anti-inflammatory
drugs AND shoulder) we initially found 1492 papers.
Osteoarthritis was not used as a search term, because of the
risk of missing studies. The references of retrieved publications
were also manually checked to add studies potentially meeting
the inclusion criteria and missed by the electronic search. Papers
not written in English language were considered if translation
was possible. The flowchart is defined in Figure 1.

Medline (period 1966 to June 11 2013), Cochrane
Database of Systematic Reviews (1988 to June 11 2013),
Cochrane Clinical Trial Register (1988 to June 11 2013)
and Embase (January 1988 to June 152013)

Initial search: 1492

Screening title and abstracts |—>

Inclusion criteria:
All studies about intra-articular v
treatment of patients suffering GH-OA
Exclusion criteria:

All studies specifically reporting:

- OA of the acromion-clavicular joint >
- Shoulder impingement

- Rotator cuff tendinopathy

- Adhesive capsulitis

- Periarthritis of the shoulder

Figure 1: Flowchart summarizing the selection of relevant articles
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Methods of the review

Selection of trials

Trial selection was done by two authors (SC and PG)
reviewing title and abstract to identify potentially relevant
articles for our review. The full manuscript was retrieved
when the title, keywords or abstract revealed insufficient
information to determine the appropriateness for inclusion.
Disagreement was resolved by discussion, with arbitration
when necessary by a third reviewer (MB) when differences
remained.

Data collection

From the included studies, data for meta-analysis was
extracted by one reviewer (PG), using a prepiloted data
extraction-tool. Extraction was verified by a second
reviewer (SC). Disagreements were resolved in a consensus
meeting or, if necessary, by third party adjudication
(DH). Articles were not blinded for author, affiliation,
and source.! If necessary, authors were contacted for
additional information.

Assessment of methodological quality

Differences in quality amongst trials indicate a possible
difference in bias between these trials. Therefore, it is
important to evaluate the quality of the trials when evaluating
the effectiveness of an intervention. Two independent
reviewers (SC and PG) obtained the full text of all potentially
eligible articles for independent methodological assessment.
Studies were scored according to the Level of evidence and
recommendations for clinical practice were formulated
[Tables 1 and 2]. The strength of these recommendations was
classified with a grade [Table 3].

Table 2: Characteristics of included studies

Quantitative analysis

Since many studies used different subjective outcome scoring
systems, the average improvement is calculated as an effect
size, this is a well-established measurement in which the
improvement of the score is divided by the standard deviation
of the pretreatment score. The average effect sizes pertreatment
will be compared using Student's i-test. P < 0.05 was considered
to be significant.

RESULTS

The initial search using the above-mentioned search strategy
resulted in 1492 studies, after reading the title and abstract,
32 articles were screened for eligibility. We included two
randomized controlled trials (RCTs) comparing the efficacy
of IA administered HA with placebo, five prospective case
series (all using IA administered HA), and one retrospective
study comparing the efficacy of HA and CS.[1o131426291 A total
of 895 patients was included in these 8 studies; 579 patients
received HA (Hylan G-F 20 (Synvisc®, Genzyme Corporation,
Cambridge, MA, USA), Supartz® (Smith & Nephew, Inc,
Andover, MA, USA) or Hyalgan® (Sanofi-Aventis, Bridgewater,
NJ, USA and Fidia Farmaceutici, SpA, Abano Terme, Italy),
33 patients CS (6-methylprednisolone acetate, Depo-Medrol®,
Pfizer, Latina, Italy) and 283 patients phosphate-buffered saline
(PBS) [Table 2]. The first article was published in 1988 and the

most recent in January 2013.

Randomized clinical trials

The first performed RCT (Blaine et al) studied 660 patients
with persistent shoulder pain.'¥ Patients were treated with
a weekly series of 3 injections of Hyalgan® and 2 injections

Author Year Country Study Number of Mean age Amount and product Number and Adverse Level of

shoulders with  (years) of infiltration frequency of effects related evidence

OA (male/female) infiltrations to injection (%)
Blaine 2008 USA RCT PBS:133 PBS: 63.3+12.3 2 ml PBS 5 (weekly)  PBS: 54% |
etall' HA: 129 HA: 63.4+12.4 20 mg/2 ml Hyalgan® HA: 54%

HA + PBS: 136 HA + PBS: 5 times HA + PBS:

62.3+12.7 20 mg/2 ml Hyalgan® 3 55%
times + PBS 2 times

Brander 2010 USA PCS 36 (16/20) 67 (range 36-88) 16 mg/2 ml Synvisc® 2 (2 week 6 (16.7) v
et all" interval)
Kwon 2013 USA  RCT HA:133(53/80) HA:65.9+10.7 25mg/2.5ml Supartz® 3 (weekly) HA: 18 (13.5) I
et all PBS: 130 (67/63) PBS: 65.7+11.8 2.5 ml PBS PBS: 26 (20.0)
Leardini 1988 ltaly PCS 6 61 (range 40-78) 10 mg/1 ml Hyalgan® 3 (3 days None v
et al.l?8) interval)
Merolla et al? 2011 ltaly RCCS HA: 51 (13/38) HA: 61+4.9 16 mg/2 ml Synvisc® 3 (weekly) HA:7 (13.7) 1l

CS: 33 (10/23) CS: 63+5.6 40 mg/ml Depo-Medrol CS:2(6.1)
Noél et al.2® 2009 France PCS 33(18/15) 56.7+9.3 16 mg/2 ml Synvisc® 1t 10 (24.2) v
Silverstein et all'® 2007 USA PCS 27 (17/10) 62 (range 47-79) 16 mg/2 ml Synvisc® 3 (weekly)  None v
Valiveti 2006 USA PCS Hyalgan®: 9 Unknown Amount not mentioned Hyalgan® 5 None v
et al.?d Synvisc®: 2 Hyalgan® (weekly)

Synvisc® Synvisc®: 5
(weekly)

OA = Osteoarthritis; PBS = Phosphate-buffered saline; HA = Hyaluronic acid; CS = Corticosteroid; RCT = Randomized controlled trial; RCCS = Retrospective case control study;

PCS = Prospective case series; 116 of the 33 patients received a second infiltration a month after the first
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Table 3: Grades of recommendation (given to various
treatment options based on the level of evidence
supporting that treatment)

Grade A: Treatment options are supported by strong evidence
(consistent with level | or Il studies)

Grade B: Treatment options are supported by fair evidence
(consistent with level Il or IV studies)

Grade C: Treatment options are supported by either conflicting or
poor quality evidence (level IV studies)

Grade D: When insufficient evidence exists to make a recommendation

with PBS (three-injection group), 5 injections of Hyalgan®
(five-injection group), or 5 injections of PBS (control group). A
subgroup of the study population had radiographic signs of GH-
OA. Of the patients with GH-OA 136 patients were included
in the three-injection group, 129 in the five-injection group,
and 133 in the control group. The visual analog score (VAS:
100 point scale) for pain showed a difference of 7.5 (standard
deviations [SD]: 2.5) comparing the efficacy of the treatment in
the three-injection group with the control group (in favour of
the three-injection group: P = 0.003). Similar results were shown
between the five-injection group and the control group with
a difference of 7.8 (SD: 2.5) (P = 0.002). At all follow-up visits
(7, 9, 17, and 26 weeks) there was a significant improvement
using the VAS for pain compared to baseline in both three-
and five-injection groups (P < 0.05). No difference in efficacy
was noted between the three- and five-injection groups during
the 26 weeks follow-up period. The second RCT also studied
the efficacy of IA administered HA (Supartz®) and compared
this with IA administered PBS.'”! Three weekly injections of
either HA or PBS was given in patients with chronic shoulder
pain associated with GH-OA. The injections were performed
without the support of ultrasound or fluoroscopy. A total of
300 patients were included (150 patients with HA and 150 with
PBS). The improvement in VAS for pain between baseline and
26 weeks follow-up was 19.88 for the HA treated patients and
16.3 for the PBS treated patients. The least-squares difference
in VAS between the groups (at 7, 13, 20 and 26 weeks follow-
up) was 2.8 in favour of the HA treated patients (P = o0.112).
For the patients only with GH-OA and no other shoulder
pathologies the improvement in VAS between baseline and
26 weeks follow-up was 21.0 for the HA treated patients
and 15.7 in the PBS treated patients. The repeated-measures
longitudinal analysis showed a significant difference between
these groups (P = 0.038). Similar results were observed using
the OMERACT-Osteoarthritis Research Society International
(OARSI) high responder rates (a score evaluating treatment
effects in OA). The HA treated patients showed a higher
OMERACT-OARSI high responder rate, with an odds ratio of
1.45 (95%CI: —0.97 to 2.17) and 6.92% difference in responder
rate at 26 weeks follow-up. In the patients only with GH-OA
the OMERACT-OARSI high responder rates were similar (1.62
[95%CI: —1.06 to 2.50] and an 8.37% difference in responder rate)
at 26 weeks. This odds ratio also showed a significant difference
between the HA and PBS treated patients (in favour of the HA
treated patients: P = 0.028).

"z

Prospective case series

Leardini er al. were in 1988 the first to report the outcome
of TA administered HA in 29 patients with a painful shoulder
including six patients diagnosed with OA.k% Each patient
received 3 injections with a 3 days interval. The total follow-
up was only 11 days and of the patients with shoulder OA 3
had a fairly good result, while the other 3 experienced good
to very good results.

Noél et al. were the first to study clearly defined and uniform
population (33 patients) who had primary GH-OA and an
intact rotator cuff.¥ All patients were treated with Hylan G-F
20. A second infiltration with HA was possible on demand of
the patient at 1, 2 or 3 months follow-up. The VAS for pain
decreased from 61.2 at baseline to 37.1 at 3 months follow-up
(P < 0.001). The Western Ontario Osteoarthritis of the Shoulder
score (a disease-specific quality of life score) (45.7% at baseline to
63.1% at 3 months follow-up) and SF-36 score (38.6 at baseline
to 40.7 at 3 months follow-up) also showed improvement.
However, only the results of the Western Ontario osteoarthritis
of the shoulder score were significant (P < 0.001).

In a letter to the editor Valiveti et al. reported the results of 11
courses of IA administered HA (Hylan G-F 20: Weekly for 3
weeks and Hyalgan: Weekly for 5 weeks).?! Five patients had
moderate improvement; five had mild improvement, and one
had no improvement. The average time of improvement was
4 months (range: 2-12 months).

Brander et al. in their prospective case series included 36
patients with GH-OA that were intra-articularly infiltrated
with a series of 2 injections of Hylan G-F 20 14 days apart.l
The VAS for pain improved from 63.0 (SD: 14.5) at baseline
to 38.9 (SD: 27.6), 41.4 (SD: 23.9), and 34.9 (SD: 21.7) at 6, 12
and 26 weeks follow-up, respectively (P < o.001 at all follow-
up visits). The Western Ontario Rotator Cuff Index (a quality
of life index using the VAS including 5 domains: Physical
symptoms, sports and recreation, work social function, and
emotions) showed similar results with a score of 65.3 (SD: 18.4)
at baseline improving to 48.4 (SD: Not available), 49.9 (SD: Not
available) and 45.9 (SD: 22.4) at 6, 12 and 26 weeks follow-up
respectively (P < 0.001 at all follow-up visits). Silverstein et al.
in their prospective study reported the results of 27 patients
with GH-OA who were IA injected with Hylan G-F 20.13 The
infiltrations were blind performed. The VAS for pain improved
from s54.0 at baseline to 42 (P = 0.01), 36 (P < 0.001), and 30
(P < 0.001) at 1, 3, and 6 months follow-up, respectively. The
modified University of California at Los Angeles score (a score
consisting of the sum of the individual scores for pain, function,
motion, and strength) improved significant at all 3 follow-up
visits (15.7 at baseline to 20.0, 20.8, and 20.5, respectively). The
simple shoulder test (a patient completed form that measures a
patients ability to perform 12 common tasks in normal activities
of daily living and work) improved from 5.7 at baseline to 7.2
(P=o0.012), 7.2 (P = 0.001), and 7.6 (P = 0.001) at 1, 3, and 6
months, respectively.
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Retrospective case-control study

Merolla et al. reported a retrospective case-control study
comparing [A CS and HA in patients with GH-OA 7 Fifty-one
patients received HA and 33 CS. The VAS for pain in the HA
injected group decreased from 61.0 (SD: 9.1) to 33.7 (SD: 9.4),
35.1 (SD: 8.9) and 36.5 (SD: 9.0) at 1, 3 and 6 months follow-up,
respectively (P < o.05 at all follow-up visits). The effect of IA
administered CS was less. At baseline, the VAS for pain was
62.5 (SD: 16.7) which decreased to 44.2 (SD: 11.7; P = 0.0431),
55.4 (SD: 18.4; P = 0.0626), and 59.4 (SD: 15.8; P = 0.0691)
at 1, 3 and 6 months follow-up, respectively. The shoulder
pain and disability index and the Constant-Murley scale as
clinical outcome parameters improved significant showing
improvement at 1, 3 and 6 months follow-up for the HA injected
group and only at 1 month follow-up in the CS injected group.

Statistical analysis of available data

For 5 studies (6 groups) data could be extracted, and effect
sizes could be calculated at 6 weeks, 12 weeks and 26 weeks
for HA.lo1427281 Pooling these data resulted in stable effect
sizes at each of these time points, respectively 2.07 (+o0.53),
2.02 (*0.53) and 2.11 (fo.40) [Figure 2].

From the studies of Blaine et al." and Kwon et al an effect
size for placebo could be calculated. As for HA these effect
sizes are stable during follow-up at 6, 12 and 26 weeks (1.60
(£0.04),1.82 (+0.04) and 1.68 (+0.23), respectively) [Figure 3].

Only the study of Merolla et al?” allowed calculation of effect
size for CS [Figure 4]. The effect size between placebo and
HA are significantly different at 6, 12 and 26 weeks follow-up
(all P < 0.01). Although statistically significant, the maximum
difference in effect size at any of the time points is only o.4
and the pooled differences between HA and placebo ranches
between 2.0 and 6.4 on a 100-point VAS for pain.

Safety data

None of the included studies reported severe adverse
effects.l1o13142629 Five studies reported mild local adverse effects,
such as local pain and local reaction at the injection side. o478

Local adverse effects occurred in the patients treated with IA
administered HA, CS and placebo (PBS) [Table 2].

DISCUSSION

The objective of this systematic review was to collect
the available evidence reported on the outcome of IA
injection treatments for patients with GH-OA. The efficacy
of IA administered HA was described in 8 studies, of 1A
administered CS in 1 study and IA administered PBS (placebo)
in 2 studies. We found no studies reporting the efficacy of TA
injection treatment with platelet rich plasma, stem cells or
other more experimental therapies for patients with GH-OA.
The level of evidence of most of the included studies was
low [Table 2]. The retrospective case-control series (Merolla
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et al) was the only study reporting on the efficacy of IA
administered CS.F” Other concerns regarding the quality
of the reported studies in this review include the not well-
defined characteristics of the baseline characteristics, and the
blindly and not ultrasound guided performed infiltrations in
most studies. Blind infiltrations, especially performed in the
study setting, can affect the outcome of the treatment since
only 28-100% of the injections seem to be performed intra-
articularly.Bo33

We were able to show that the improvement in pain and
function using IA HA as treatment for patients with GH-OA
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compared to baseline at all the follow-up points (6, 12 and
26 weeks) was significant, showing effect sizes of more than
> [Figure 2]. However, the effect sizes of IA administered
PBS were also at least 1.5 at the same follow-up points. The
efficacy of IA administered HA compared with PBS showed
an efficacy in favour of HA (P < 0.01), but the maximum
absolute difference in efficacy using the VAS for pain was 6.4
on 100 points. This difference is not reaching the MCID and
the question should be asked whether IA treatment with HA
is in clinical practice superior to IA administered PBS.5 The
efficacy of IA administered CS (although the level of evidence
is very poor) is even less. At 6 weeks follow-up the effect
size was 1.08 compared with baseline, but at 12 and 26 weeks
the effect sizes were even lower, 0.43 and 0.19, respectively.
Although the concerns about the design of the study of
Merolla et al, the data reported in this review indicate that [A
administered HA has a longer and better efficacy in patients
with GH-OA than CS.””! Bannuru et al. showed similar data in
their systematic review about the efficacy of IA administered
HA and CS in the knee.?!

Several systematic reviews and meta-analysis regarding the
efficacy of IA treatment with HA in patients with knee OA
report similar results as we are showing in the shoulder, with
small to moderate treatment effects compared with PBS.i%!
Rutjes et al. concluded that the treatment with IA administered
HA in patients with knee OA showed only small and clinically
irrelevant benefit compared to IA administered saline and a
risk for serious adverse events.'?! Colen et al. showed a 40-50%
pain reduction in patients treated with IA HA at a follow-up of
3 months."® When comparing the efficacy of IA administered
HA to saline (approximately 30% pain reduction) they
determined a weighted mean difference of just 10.20 using
the VAS for pain. Colen et al. also studied the efficacy of IA
administered HA in other joints (the metatarsophalangeal-
joint, the ankle, the hip, the sacroiliac joint, the facet joints, the
carpometacarpal-1 joint and the shoulder).? They concluded
that there is a significant improvement in pain injecting IA
HA compared to baseline, but comparing the efficacy of HA
to placebo there is only limited evidence that HA is superior
and that there is no evidence that IA HA is better than CS or
other conservative therapies.

Both HA and CS injections are well-tolerated. Local adverse
effects in the shoulder are typical of those observed in the hip
and knee joint [Table 2].0131426293536] Serious adverse effects
are not reported in the studies included in this review. CS
infiltrations are frequently administered for the treatment of
shoulder pain and have been effective in clinical trials.57-+!
However, the indications in all these studies for the treatment
with CS were rotator cuff tendinopathy and adhesive
capsulitis. In addition, the potential damage to the collagen
matrix of tendons and ligaments suggests caution in the use
of CS injections around the shoulder, especially with repeated
infiltrations.l# Several clinical studies have indicated that
HA is also effective in managing pain associated with various

19

other shoulder pathologies (adhesive capsulitis and rotator cuff
tendinopathy).l#s49!

Although the difference in efficacy between IA administered
HA and PBS is small, the efficacy of IA injection of HA at
follow-up during the first 6 months is good in patients with
GH-OA [grade A of recommendations: Table 3]. IA treatment
with HA is useful as a conservative treatment in patients with
GH-OA. Because the IA treatment with CS is only reported
in a single retrospective case control study showing a very low
efficacy [grade B of recommendations: Table 3] and the fact
that the above-mentioned risks of the use of IA CS are serious,
we agree with the guidelines of the American Academy of
Orthopedic Surgeons that there are no clear recommendations
for the use of IA CS injections in patients with GH-OA.5! In
future research we recommend to focus on sufficiently powered
randomized trials to compare the efficacy of HA, CS, PBS and
other IA treatment options in patients with GH-OA.
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