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Abstract: Background: Intra-articular hyaluronic acid (IAHA) products are often used in the treat-
ment of adults with mild-to-moderate knee osteoarthritis (KOA). The International Symposium
on Intra-Articular Treatment (ISIAT) convened a multidisciplinary technical expert panel to define
characteristics for an innovative IAHA product that should answer unmet needs in the clinical man-
agement of adults with mild-to-moderate KOA. Methods: An initial set of evidence-based statements
was developed based on data extracted from articles identified through a comprehensive literature
search. A Delphi panel comprising 19 experts in KOA voted in 3 rounds to rate their degree of
agreement with accepted statements. Results: The final set of 13 accepted statements focus on the
effect of an innovative IAHA across 5 key domains of nociceptive pain, joint function, quality of life,
joint structure and integrity, and adverse effects. The statements set thresholds for clinically mean-
ingful improvements that exceed those generally achievable by currently available IAHA products.
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Conclusion: The characteristics described by these statements from the ISIAT set new standards for
what should be expected from an innovative IAHA. These statements should serve as a framework
for driving the development of innovative IAHA products that will surpass the actual outcomes
achieved by current viscosupplements in patients with mild-to-moderate KOA.

Keywords: knee osteoarthritis; intra-articular hyaluronic acid; innovative; consensus

1. Introduction

Knee osteoarthritis (KOA) has a global prevalence of nearly 24% in the adult popu-
lation [1] and is a major contributor to disability [2]. The management of patients with
mild-to-moderate KOA focuses initially on nonpharmacological and pharmacological
strategies that can improve pain, stiffness, and function of the affected joints as well as the
overall quality of life (QoL), while surgical approaches are generally reserved for patients
with recurrent or persistent symptoms and disease progression [3–9].

Viscosupplementation stands as a well-established conservative treatment approach
for KOA. A diverse range of products have been employed for this treatment modality,
including corticosteroids, hyaluronic acid, growth factor/platelet-rich plasma (PRP), and
mesenchymal stem cells (MSCs) [10,11]. In recent years, intra-articular injections of car-
boxymethyl chitosan [12] and polyacrylamide hydrogel [13] have emerged as novel and
innovative therapeutic options. Despite the introduction of these new products for joint
viscosupplementation, intra-articular hyaluronic acid (IAHA) remains a mainstay due to a
wealth of studies involving large cohorts and extended follow-up periods. IAHA is partic-
ularly suitable for patients who fail to achieve adequate pain relief from oral medications
(NSAIDs, acetaminophen), exercise, or physical therapy, as well as those with renal or
gastrointestinal intolerance to NSAIDs. Apart from acute inflammation within the joint
space, there are no absolute contraindications for IAHA injections. However, the drug’s
effectiveness may be diminished in the presence of certain conditions, such as extensive
bone edema, and acute conditions such as gout and scleroderma [1].

At least 30 different IAHA products have been used in the past few decades as nonsur-
gical approaches for the treatment of adults with mild-to-moderate KOA [14]. In most series,
patients receiving IAHA presented with visual analog scale (VAS) ≥ 40 mm, Lequesne
index ≥ 10, and Kellgren–Lawrence (KL) grade II–III [15–17]. In general, guidelines recog-
nize that IAHA provides beneficial effects on pain for at least a few months, with a very
good safety profile.

Recommendations regarding IAHA use are diverse and sometimes controversial,
refs. [1,5,9,16,18–20] with some current guidelines even advising against hyaluronic acid
products for viscosupplementation because of equivocal evidence found in the literature [3,21].
There is little consensus across studies regarding endpoints for measuring clinical benefit [22],
and there is no consensus on the characteristics of an IAHA product that might best achieve
such endpoints [23].

The International Symposium on Intra-Articular Treatment (ISIAT) convened a mul-
tidisciplinary technical expert panel to define a set of characteristics for an innovative
IAHA for adults with mild-to-moderate KOA, along with threshold targets for clinically
meaningful improvements in pain, joint function, and QoL that might be achieved by such
products. We present a set of 13 statements accepted by the expert panel that can be used to
develop an innovative IAHA product for KOA (Table 1). This article discusses the charac-
teristics that should be present in a product to address the unmet needs in current clinical
practice and how such products might best be used in the management of adults with
mild-to-moderate KOA. The statements proposed focus on characteristics that drive clinical
decision-making rather than the technical characteristics of IAHA that are considered in
research settings.
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Table 1. Characteristics of an innovative IAHA product for mild-to-moderate KOA.

Nociceptive Pain

1
An innovative IAHA should improve nociceptive pain by 50–70% as measured on a

numeric rating scale or WOMAC pain subscales in at least 70% of patients with
mild-to-moderate KOA.

2 An innovative IAHA should produce initial benefit on nociceptive pain within 1 to
2 weeks in at least 70% of patients with mild-to-moderate KOA.

3 An innovative IAHA should maintain a beneficial effect on nociceptive pain for 9 to
12 months.

4 Injection of an innovative IAHA should be repeated after 9 to 12 months if the
patient again becomes symptomatic.

Function

5 An innovative IAHA should improve function by 50–70% as measured on the
WOMAC subscale and the Lequesne index in patients with mild-to-moderate KOA.

6 An innovative IAHA should produce initial benefit on joint function within 1 to
2 weeks in at least 70% of patients.

7 An innovative IAHA should maintain a beneficial effect on joint function for 9 to
12 months.

8 Injection of an innovative IAHA should be repeated after 9 to 12 months if the
patient again becomes symptomatic and requires functional improvement.

Quality of Life

9 An innovative IAHA should improve the perception of quality of life by 30–50% in
patients with mild-to-moderate KOA.

10 An innovative IAHA should maintain a beneficial effect on the perception of quality
of life for 9 to 12 months.

11 Injection of an innovative IAHA should be repeated after 9 to 12 months if required
to maintain an appropriate quality of life.

Joint Structure and Integrity

12 An innovative IAHA should demonstrate beneficial effect on slowing the
progression of the disease.

Adverse Effects

13 An innovative IAHA should be associated with local reactions in fewer than 5% of
patients and with no systemic adverse effects, even after multiple injections.

IAHA, intra-articular hyaluronic acid; KOA, knee osteoarthritis; WOMAC, Western Ontario and McMaster
Universities Arthritis Index.

2. Methods

Between September and November 2022, a MEDLINE/PubMed search was conducted
for full-text guidelines, meta-analyses, and systematic literature reviews published in En-
glish since 2000 on the use of IAHA in adults with mild-to-moderate KOA using MeSH
terms and free-text searches for “osteoarthritis”, “knee”, “hyaluronic acid”, “viscosupple-
mentation”, and related words. As patients with KL IV and other indicators of severe KOA
typically show minimal improvement with IAHA [24], articles specifically focused on this
population were not included. Articles with duplicate information were discarded, while
others were added based on a review of the references of included articles. Further searches
were conducted to identify additional open-label studies and randomized controlled trials
(RCTs) on specific topics not fully addressed in the main set. Data were extracted from the
final set of 77 articles, with a special focus on studies identified as having crossed minimally
clinically important difference thresholds [25,26]. An initial set of 27 evidence-based state-
ments was developed based on the collected data and presented to the Steering Committee
for review.



J. Clin. Med. 2023, 12, 7422 4 of 12

In January 2023, the Steering Committee convened a Delphi panel comprising 21 experts
in KOA from 12 countries representing 6 specialties: 11 rheumatologists, 5 orthopedic surgeons,
1 epidemiologist, 2 rehabilitation medicine physicians, 1 internal medicine physician, and
1 patient representative. In the first round of online voting, panel members were asked
to agree or disagree with each statement. Statements supported by ≥75% positive votes
were accepted and statements with ≤67% positive answers were rejected. Statements with a
positive vote between 67% and 75% were discussed and revised to address panel member
concerns. In the second round of voting, panel members were asked to agree or disagree with
each revised statement; those supported by ≥50% positive votes were accepted and those
with ≤50% positive responses were rejected. In a third round of voting, panel members were
presented with the final set of accepted statements and were asked to assign a score rating
their degree of agreement on a scale from 1 to 10, where 1 represented complete disagreement
and 10 represented complete agreement. Data from the three rounds of voting were then
collected along with comments from panel members that arose during the discussions.

3. Results

The initial set of 27 statements presented to the Steering Committee described the
features of an innovative IAHA product in eight domains: improvement in pain, function,
QoL, and Outcome Measures in Rheumatology (OMERACT)/Osteoarthritis Research
Society International (OARSI) response; delay in time to total knee arthroplasty (TKA);
improvement in joint structure and integrity; and adverse effects.

In discussions among Steering Committee members, overlapping statements were
collapsed and a set of 14 statements was developed for presentation to the ISIAT expert
panel. After two rounds of voting, thirteen statements across five domains were accepted,
including one statement that was rejected in the first round of voting but accepted in revised
form in the second round of voting. In the third round of voting, the mean agreement rating
for all statements was 8.8 (range, 8.2 to 9.4). This indicates an overall strong agreement
with the final set of 13 statements, although some panelists rated moderate or minimal
agreement with a few statements.

3.1. Reduction in Nociceptive Pain

The panel accepted four statements regarding the effect of an innovative IAHA on
nociceptive pain in patients with mild-to-moderate KOA. The first two statements address
the degree of pain reduction and the time of benefit onset after IAHA injection; the third
and fourth statements address the duration of benefit and, consequently, the duration of
time between injections for continued benefit.

1. An innovative IAHA should improve nociceptive pain by 50–70% as measured on a
numeric rating scale or Western Ontario and McMaster Universities Arthritis Index
(WOMAC) pain subscales in at least 70% of patients with mild-to-moderate KOA.

In studies of adults aged 40–80 years with mild-to-moderate KOA, 32–64% show an
overall improvement in pain from baseline [4,7,24,27,28] and approximately half of the
patients achieve 50% improvement [15,20,29–32]. As the prevalence of KOA is considerably
lower in younger patients [2], effect of IAHA in patients under age 40 is less commonly
studied. Nevertheless, available data suggest these patients show the same magnitude of
benefit [15,27,33,34]. The statement accepted by the panel therefore defines a threshold
for pain improvement at the upper end of what is seen with currently available agents on
patient-reported numeric rating scales and WOMAC index subscales, without distinguish-
ing between older and younger patients. The mean agreement rating for this statement was
8.9, with 16/18 panelists (89%) rating strong agreement (of ≥8), while 2/18 (11%) rated
moderate agreement (of 5–7).

2. An innovative IAHA should produce initial benefit on nociceptive pain within 1 to
2 weeks in at least 70% of patients with mild-to-moderate KOA.
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Studies that include an early evaluation timepoint demonstrate improvement at 4–6 weeks
after injection [15,31,32,35]. The statement accepted by the panel thus represents a considerably
shortened time to benefit onset. The mean agreement rating for this statement was lower than
for statement 1, at 8.4; 13/18 panelists (72%) rated strong agreement (≥8), 2/18 (11%) rated
moderate agreement (5–7), and 3/18 (17%) rated minimal agreement (of ≤4).

3. An innovative IAHA should maintain a beneficial effect on nociceptive pain for 9 to
12 months.

Improvement in pain after IAHA injection increases over time before slowly wear-
ing off. Specifically, maximum improvement is generally achieved at 2–3 months and
is sustained for at least 6 months, with a smaller effect seen for 12 months in some
patients [3,5,20,27,29,30,33–37]. Thus, the statement accepted by the panel supports a
longer benefit for IAHA than is generally seen in most patients. The mean agreement rating
was 8.9, with 15/18 (83%) rating strong agreement (≥8) and 3/18 (17%) rating moderate
agreement (6 or 7).

4. Injection of an innovative IAHA should be repeated after 9 to 12 months if the patient
again becomes symptomatic.

The statement accepted by the panel fits with the standard practice of repeating the
injections only if the patient is symptomatic. The mean agreement rating was 8.9, with
16/18 (89%) rating strong agreement (≥8), 1 panelist rating moderate agreement (7), and
1 panelist rating minimal agreement (4).

3.2. Function

The panel accepted four statements regarding the effect of an innovative IAHA on joint
function in patients with mild-to-moderate KOA. Although far more studies report pain
outcomes than function or stiffness [38], the same types of evaluations are typically reported.
Thus, the statements regarding the effect of IAHA on function mirror those addressed
for pain: The first two statements address the degree of joint function improvement
and the time of improvement onset after IAHA injection, while the third and fourth
statements address the duration of improvement and duration of time between injections
for continued benefit.

5. An innovative IAHA should improve function by 50–70% as measured on the WOMAC
subscale and the Lequesne index in patients with mild-to-moderate KOA.

RCTs measuring the effect of IAHA on WOMAC stiffness or physical activity subscales
and the Lequesne index show an improvement of 40–54% from baseline in adults with
mild-to-moderate KOA [30,34].

The panel accepts the statement, thereby establishing a benchmark for functional
improvement, set at the same value specified in “statement 1”, beyond what is observed
with currently existing agents. Nevertheless, the mean agreement rating for this statement
was high at 9.1, with 16/18 panelists (89%) rating strong agreement (≥8) and 2/18 (11%)
rating moderate agreement (7).

6. An innovative IAHA should produce initial benefit on joint function within 1 to
2 weeks in at least 70% of patients.

Few studies report the early effect of IAHA on joint function, but available data show
some improvement by 5–6 weeks after injection [39,40]. Thus, the statement accepted by
the panel represents a considerably shortened time to benefit onset. The mean agreement
rating for this statement was lower at 8.2; 14/18 panelists (78%) rated strong agreement
(≥8) while 4/18 (22%) rated minimal agreement (≤4).

7. An innovative IAHA should maintain a beneficial effect on joint function for 9 to
12 months.

Following IAHA injection with currently available products, improvement in func-
tion/stiffness can be maintained for up to 9–12 months. However, a return toward baseline
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is seen in some patients after 6 months [29,30,34,37,41,42]. The statement accepted by the
panel thus supports a longer benefit for IAHA than might be seen in most patients. The
mean agreement rating was 8.8, with 16/18 (89%) rating strong agreement (≥8) and 2/18
(11%) rating minimal agreement of (4).

8. Injection of an innovative IAHA should be repeated after 9 to 12 months if the patient
again becomes symptomatic and requires functional improvement.

The statement accepted by the panel fits with the standard practice of repeating the
injections only if the patient is symptomatic, and is supported by data showing that multiple
injection cycles allow for continued beneficial effects on both pain and function [43,44]. The
mean agreement rating for this statement was 9.1, with 17/18 (94%) rating agreement (≥8),
and 1 panelist rating minimal agreement (4).

3.3. Quality of Life

The three statements accepted by the panel related to the effect of an innovative
IAHA on patient QoL were similar to those related to both pain and function: The first
statement addressed the degree of QoL improvement, the second addressed the duration
of improvement, and the third addressed the optimal duration of time between injections
to maintain benefit. Unlike statements related to pain and function benefits with IAHA,
the ISIAT expert panel did not consider a separate statement on the time to onset of QoL
benefit after injection.

9. An innovative IAHA should improve the perception of quality of life by 30–50% in
patients with mild-to-moderate KOA.

Measures of QoL show that most adults of all ages with mild-to-moderate KOA can
achieve at least 20% improvement after IAHA injection using tools such as OARSI global
assessment, SF-36, and EuroQoL [15,29,36,44]. Thus, the statement accepted by the panel
defines a QoL benefit threshold for an innovative IAHA above what is seen with currently
available agents. The mean agreement rating for this statement was somewhat lower at 8.7;
14/18 panelists (78%) rated strong agreement (≥8), 3/18 (17%) rated moderate agreement
(6–7), and 1 panelist rated minimal agreement (3).

10. An innovative IAHA should maintain a beneficial effect on the perception of quality
of life for 9 to 12 months.

Studies with longer-term follow-up show that improvement in QoL after IAHA in-
jection can be seen at 3 months and maintained for up to 9–12 months [15,36,45]. The
statement accepted by the panel is thus largely in line with the QoL benefit seen with
currently available IAHA products. Nevertheless, the mean agreement rating for this state-
ment was 8.7, with 15/18 (83%) rating strong agreement (≥8), 1 panelist rating moderate
agreement (7), and 2 panelists rating minimal agreement (4).

11. Injection of an innovative IAHA should be repeated after 9 to 12 months if required to
maintain an appropriate quality of life.

As with the effect of IAHA injection on pain and function, additional injection cycles
allow for continued beneficial effects on QoL [44]. The statement accepted by the panel is
in line with the standard practice of repeating the injection if the patient is symptomatic,
although this is usually defined by overall pain and function, not specifically by QoL.
The mean agreement rating with this statement was 9.1, with 16/18 (89%) rating strong
agreement (≥8), 1 panelist rating moderate agreement (7), and 1 panelist rating minimal
agreement (4).

3.4. Joint Structure and Integrity

Studies exploring mechanisms driving IAHA benefit have focused on IAHA-induced
changes in cartilage that might promote a slowing in structural disease progression [46–49],
which, in theory, could contribute to a delay in time to TKA [50–53]. The panel considered
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two statements related to the effect of an innovative IAHA on joint structure and integrity.
A statement that IAHA should delay time to TKA was rejected in the first round of voting.
A statement that IAHA should be beneficial the natural history of the disease, including
joint structure, required reformulation before passing the threshold for acceptance in the
second round.

12. An innovative IAHA should demonstrate beneficial effect on slowing the progression
of the disease.

Increased urine and serum biomarkers of collagen degradation indicative of increased
cell turnover have been demonstrated after IAHA injection, potentially indicating improved
joint structure and integrity [46–49]. IAHA promotion of anti-inflammatory responses
and suppression of pro-inflammatory cytokines may further contribute to improved joint
integrity [54]. Some clinical trials have shown a potentially beneficial effect on joint structure
after IAHA injections [55,56]. These data broadly support the statement accepted by the
ISIAT expert panel. However, links between these mechanisms and disease progression are
somewhat weak. Thus, although the mean agreement rating with this statement was 8.8,
with 15/18 (83%) rating strong agreement (≥8) and 2/18 (11%) rating moderate agreement
(6 or 7), 1 panelist rated strong disagreement (of 1).

3.5. Adverse Effects

13. An innovative IAHA should be associated with local reactions in fewer than 5% of
patients and with no systemic adverse effects, even after multiple injections.

Meta-analyses show an overall incidence of 8.5% for local reactions in patients treated
with IAHA, ranging from a low of 6% for local skin reactions to a high of 12% for injection-
site pain [57]. The statement accepted by the expert panel sets the upper boundary of
tolerable adverse effects at the lowest rates reported, and does not consider a need to
balance the number of injections required for treatment efficacy with improved tolerability
profile, even though it can be challenging to differentiate treatment-related adverse effects
from those related to the injection itself. The mean agreement rating was the highest among
all statements at 9.4, with 17/18 (94%) rating strong agreement (≥8); of these, 14/18 (78%)
rated complete agreement (10) and 2/18 (11%) rated strong agreement (8). The remaining
panelist rated minimal agreement (4).

4. Discussion

The 13 statements presented here describe the characteristics of an innovative IAHA
that would meet threshold targets yielding clinically meaningful benefits in adults with
mild-to-moderate KOA. All these targets for improvement in pain, function, QoL, and joint
integrity and for minimizing adverse effects exceed those generally achievable by currently
available IAHA products, and therefore set new standards for what we expect from an
innovative IAHA.

The statements focus on characteristics that drive clinical decision-making rather than
technical characteristics of IAHA that are considered in research settings. For example,
current evidence seems to show that high molecular weight (MW) IAHA products yield
greater improvements in pain scores as well as joint function compared with low MW
and/or medium MW IAHA [3,4,7,25,58–61], and products from a bacterial rather than an
avian source have been associated with lower rates of local injection site reactions [58]. As
the value of such distinctions is their effect on efficacy and tolerability, we chose to consider
mainly their clinical impact.

The statements are presented within separate domains of pain, joint function, QoL,
joint integrity, and adverse effects. However, an innovative IAHA that achieves a durable
effect on pain and function is likely to be quantified as an improvement in QoL, which,
in turn, will impact a decision about repeat injections and consideration for delay of
TKA [52,53,62]. Thus, although the highest rating of agreement was recorded for the
statement advocating adverse effects in only 5% of patients regardless of the number of
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injections, it is possible that higher rates up to 10–15% might be acceptable if improvements
in pain, function, and QoL allow patients to benefit from repeated injections and delay time
to TKA. Considering the interconnectedness of these different factors, patient advocacy
groups could be particularly helpful in determining how to assess outcomes, and a tool
such as the patient acceptable symptom state (PASS) [63] might prove particularly valuable
in assessing the efficacy of an innovative IAHA.

Interestingly, the statement regarding IAHA delaying time to TKA was the one state-
ment rejected by the panel. As a measure of improved joint integrity, time to TKA would
be difficult to assess prospectively. There remains a lack of standardization in biochemical
markers and imaging findings to demonstrate the progression of the disease, and the study
would need to follow patients over many years and weigh up a multitude of potentially
confounding factors such as age and functional demand. Alternatively, delay in TKA could
be viewed as a measure of improved patient outcomes overall from IAHA injection [64].
In this sense, the potential for delay in TKA could be part of clinical decision-making
for patients responding well to an innovative IAHA that achieves the proposed target
thresholds.

Panelists showed the lowest rates of agreement with statements that support demon-
strating clinical benefit at 1–2 weeks after IAHA injection. Guidelines currently recommend
intra-articular corticosteroid for short-term pain relief [3,21], and trials of IAHA combined
with dexamethasone, triamcinolone, or betamethasone show improvement in pain, joint
function, and QoL at 1–3 weeks after injection, with no additional adverse effects and
no diminishment of longer-term IAHA benefit [45,65,66]. Although the combination of
steroids and IAHA might be sufficient for most patients, an innovative IAHA that meets an
early benefit threshold could be particularly useful in patients undergoing repeat injections
who require minimal exposure to steroids because of comorbid conditions.

We recognize the limitations of our approach in developing these statements and
specifically in defining the patient population likely to be treated with the innovative
IAHA described. First, we are assuming the patient is being treated for the first time with
IAHA. Patients being considered for IAHA injection because of recurrent or persistent
symptoms may be allowed a lower threshold for clinical benefit or may be allowed a
higher threshold for tolerating adverse effects. Similarly, we are assuming the patient
is being treated for unilateral KOA and receives an IAHA injection in the affected joint.
Patients with bilateral KOA may find that local pain and/or functional improvement in
one joint impacts QoL, but a different threshold for overall QoL benefit would be required.
Importantly, in all cases, we are assuming that any benefit is due to the treatment and not to
a placebo effect from the injection. Patient-reported levels of pain, stiffness, and function are
all significantly improved with placebo injections, and could confound estimated benefits
from the treatment itself [67]. As a wide variety of factors might influence benefit, including
such a placebo effect, the physician’s ability to perform the procedure correctly, and the
environment in which the procedure is performed [68], we have focused only on the
beneficial effect of the treatment itself.

In discussing the accepted statements, panelists raised several important issues that
remain to be addressed. Can we define characteristics of patients more likely to respond
well to an innovative IAHA? Can we define a minimum number of target thresholds that
an innovative IAHA should be able to achieve? Should cost and cost-effectiveness be addi-
tional factors for consideration? Should clinically relevant technical characteristics such as
ease of use be considered? Most importantly, could the use of an innovative HA improve
patient compliance with nonpharmacologic management recommendations such as exer-
cise, increasing activity level, or weight loss by reducing pain and functional impairment?
This last point is critical, as an innovative IAHA should not supplant nonpharmacological
recommendations, but should instead be part of an overall patient management strategy.
Addressing these questions and exploring other important issues must be a key part of our
research agenda moving forward.
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5. Conclusions

The 13 statements accepted by the ISIAT expert panel describe characteristics of an
innovative IAHA product that would meet or exceed current clinical benefit thresholds for
patients with mild-to-moderate KOA. Such an innovative IAHA would yield significant
improvements in pain, joint function, QoL, and joint integrity in most patients, providing
both a rapid onset of benefit and sustained benefit for a prolonged duration while minimiz-
ing adverse effects. Our goal is for these statements to serve as a backbone for driving the
development of innovative IAHA products that will maximize outcomes in patients with
mild-to-moderate KOA.

Author Contributions: A.M., L.S., E.M., X.C. and R.R.B. conceptualized and designed the study; all
authors interpreted the data, and A.M., L.S., E.M., R.R.B., R.J.P., G.C.d.C. and G.H.-B. drafted the
article. All authors reviewed and/or critically revised the draft. All authors have read and agreed to
the published version of the manuscript.

Funding: The ISIAT technical expert panel meeting was supported by an educational grant from
“G.U.I.D.A. Italian society”.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: The authors thank Asti Incentives & Congressi Srl for coordinating the meeting,
and Shira Berman for editorial support.

Conflicts of Interest: A.M. reports grants from: Abiogen, Lilly, Fidia, Jansen, Neopharmed Gentili,
Mylan, and IBSA. E.M. reports grants from: Expanscience, FIDIA, IBSA France, Pierre Fabre, SUB-
LIMED, and TRB. The remaining authors declare no potential conflict of interest with respect to the
research, authorship, and/or publication of this article.

References
1. Pesare, E.; Vicenti, G.; Kon, E.; Berruto, M.; Caporali, R.; Moretti, B.; Randelli, P.S. Italian Orthopaedic and Traumatology Society

(SIOT) position statement on the non-surgical management of knee osteoarthritis. J. Orthop. Traumatol. 2023, 24, 47. [CrossRef]
[PubMed]

2. Cross, M.; Smith, E.; Hoy, D.; Nolte, S.; Ackerman, I.; Fransen, M.; Bridgett, L.; Williams, S.; Guillemin, F.; Hill, C.L.; et al. The
global burden of hip and knee osteoarthritis: Estimates from the global burden of disease 2010 study. Ann. Rheum. Dis. 2014, 73,
1323–1330. [CrossRef] [PubMed]

3. American Academy of Orthopaedic Surgeons: Management of Osteoarthritis of the Knee (Non-Arthroplasty) Evidence-Based
Clinical Practice Guideline (3rd Edition). 2021. Available online: https://www.aaos.org/oak3cpg (accessed on 1 October 2022).

4. Arthroscopy Association of Canada; Kopka, M.; Sheehan, B.; Degen, R.; Wong, I.; Hiemstra, L.; Ayeni, O.; Getgood, A.; Beavis, C.;
Volesk, M.; et al. Arthroscopy Association of Canada Position Statement on Intra-articular Injections for Knee Osteoarthritis.
Orthop. J. Sports Med. 2019, 7, 2325967119860110. [CrossRef] [PubMed]

5. Jordan, K.M.; Arden, N.K.; Doherty, M.; Bannwarth, B.; Bijlsma, J.W.; Dieppe, P.; Gunther, K.; Hauselmann, H.; Herrero-Beaumont,
G.; Kaklamanis, P.; et al. EULAR Recommendations 2003: An Evidence Based Approach to the Management of Knee Osteoarthritis:
Report of a Task Force of the Standing Committee for International Clinical Studies Including Therapeutic Trials (ESCISIT). Ann.
Rheum. Dis. 2003, 62, 1145–1155. [CrossRef] [PubMed]

6. Kolasinski, S.L.; Neogi, T.; Hochberg, M.C.; Oatis, C.; Guyatt, G.; Block, J.; Callahan, L.; Copenhaver, C.; Dodge, C.; Felson, D.;
et al. 2019 American College of Rheumatology/Arthritis Foundation Guideline for the Management of Osteoarthritis of the
Hand, Hip, and Knee. Arthritis Rheumatol. 2020, 72, 220–233. [CrossRef] [PubMed]

7. Trojian, T.H.; Concoff, A.L.; Joy, S.M.; Hatzenbuehler, J.R.; Saulsberry, W.J.; Coleman, C.I. AMSSM scientific statement concerning
viscosupplementation injections for knee osteoarthritis: Importance for individual patient outcomes. Br. J. Sports Med. 2016, 50,
84–92. [CrossRef] [PubMed]

8. Brophy, R.H.; Fillingham, Y.A. AAOS Clinical Practice Guideline Summary: Management of Osteoarthritis of the Knee (Nonarthro-
plasty), Third Edition. J. Am. Acad. Orthop. Surg. 2022, 30, e721–e729. [CrossRef]

9. Bannuru, R.R.; Osani, M.C.; Vaysbrot, E.E.; Arden, N.K.; Bennell, K.; Bierma-Zeinstra, S.M.A.; Kraus, V.B.; Lohmander, L.S.; Abbott,
J.H.; Bhandari, M.; et al. OARSI Guidelines for the Non-surgical Management of Knee, Hip, and Polyarticular Osteoarthritis.
Osteoarthr. Cartil. 2019, 27, 1578–1589. [CrossRef]

https://doi.org/10.1186/s10195-023-00729-z
https://www.ncbi.nlm.nih.gov/pubmed/37679552
https://doi.org/10.1136/annrheumdis-2013-204763
https://www.ncbi.nlm.nih.gov/pubmed/24553908
https://www.aaos.org/oak3cpg
https://doi.org/10.1177/2325967119860110
https://www.ncbi.nlm.nih.gov/pubmed/31367647
https://doi.org/10.1136/ard.2003.011742
https://www.ncbi.nlm.nih.gov/pubmed/14644851
https://doi.org/10.1002/art.41142
https://www.ncbi.nlm.nih.gov/pubmed/31908163
https://doi.org/10.1136/bjsports-2015-095683
https://www.ncbi.nlm.nih.gov/pubmed/26729890
https://doi.org/10.5435/JAAOS-D-21-01233
https://doi.org/10.1016/j.joca.2019.06.011


J. Clin. Med. 2023, 12, 7422 10 of 12

10. DeRogatis, M.; Anis, H.K.; Sodhi, N.; Ehiorobo, J.O.; Chughtai, M.; Bhave, A.; Mont, M.A. Non-operative treatment options for
knee osteoarthritis. Ann. Transl. Med. 2019, 7, S245. [CrossRef]

11. Levy, D.M.; Petersen, K.A.; Scalley Vaught, M.; Christian, D.R.; Cole, B.J. Injections for Knee Osteoarthritis: Corticosteroids,
Viscosupplementation, Platelet-Rich Plasma, and Autologous Stem Cells. Arthroscopy 2018, 34, 1730–1743. [CrossRef]

12. Emans, P.J.; Skaliczki, G.; Haverkamp, D.; Bentin, J.; Chausson, M.; Schifflers, M.; Portelange, N. KiOmedine® CM-Chitosan is
Effective for Treating Advanced Symptomatic Knee Osteoarthritis up to Six Months Following a Single Intra-Articular Injection:
A Post Hoc Analysis of Aproove Clinical Study. Open Rheumatol. J. 2023, 17, e187431292302010. [CrossRef]

13. Henriksen, M.; Overgaard, A.; Hartkopp, A.; Bliddal, H. Intra-articular 2.5% polyacrylamide hydrogel for the treatment of knee
osteoarthritis: An observational proof-of-concept cohort study. Clin. Exp. Rheumatol. 2018, 36, 1082–1085. [PubMed]

14. Chavda, S.; Rabbani, S.A.; Wadhwa, T. Role and effectiveness of intra-articular injection of hyaluronic acid in the treatment of
knee osteoarthritis: A systematic review. Cureus 2022, 14, e24503. [CrossRef] [PubMed]

15. Petrella, R.J.; Petrella, M. A prospective, randomized, double-blind, placebo controlled study to evaluate the efficacy of intraartic-
ular hyaluronic acid for osteoarthritis of the knee. J. Rheumatol. 2006, 33, 951–956.

16. Maheu, E.; Bannuru, R.R.; Herrero-Beaumont, G.; Allali, F.; Bard, H.; Migliore, A. Why we should definitely include intra-articular
hyaluronic acid as a therapeutic option in the management of knee osteoarthritis: Results of an extensive critical literature review.
Semin. Arthritis Rheum. 2019, 48, 563–572. [CrossRef] [PubMed]

17. Cooper, C.; Rannou, F.; Richette, P.; Bruyere, O.; Al-Daghri, N.; Altman, R.D.; Brandi, M.L.; Basset, S.C.; Herrero-Beaumont, G.;
Migliore, A.; et al. Use of Intraarticular Hyaluronic Acid in the Management of Knee Osteoarthritis in Clinical Practice. Arthritis
Care Res. 2017, 69, 1287–1296. [CrossRef] [PubMed]

18. Sabha, M.; Hochberg, M.C. Non-surgical management of hip and knee osteoarthritis; comparison of ACR/AF and OARSI 2019
and VA/DoD 2020 guidelines. Osteoarthr. Cart. Open. 2022, 4, 100232. [CrossRef]

19. Phillips, M.; Bhandari, M.; Grant, J.; Bedi, A.; Trojian, T.; Johnson, A.; Schemitsch, E. A systematic review of current clinical
practice guidelines on intra-articular hyaluronic acid, corticosteroid, and platelet-rich plasma injection for knee osteoarthritis: An
international perspective. Orthop. J. Sports Med. 2021, 9, 23259671211030272. [CrossRef]

20. Takamura, J.; Seo, T.; Strand, V. A single intra-articular injection of Gel-200 for treatment of symptomatic osteoarthritis of the knee
is more effective than phosphate buffered saline at 6 months: A subgroup analysis of a multicenter, randomized controlled trial.
Cartilage 2019, 10, 417–422. [CrossRef]

21. National Institute for Health and Care Excellence Osteoarthritis in over 16s: Diagnosis and Management. 2022. Available
online: https://www.nice.org.uk/guidance/ng226/chapter/Recommendations#pharmacological-management (accessed on 20
November 2023).

22. Silva, M.D.C.; Perriman, D.M.; Fearon, A.M.; Couldrick, J.M.; Scarvell, J.M. Minimal important change and difference for knee
osteoarthritis outcome measurement tools after non-surgical interventions: A systematic review. BMJ Open 2023, 13, e063026.
[CrossRef]

23. Migliore, A.; Bizzi, E.; Herrero-Beaumont, J.; Petrella, R.J.; Raman, R.; Chevalier, X. The discrepancy between recommendations
and clinical practice for viscosupplementation in osteoarthritis: Mind the gap! Eur. Rev. Med. Pharmacol. Sci. 2015, 19, 1124–1129.

24. Nicholls, M.; Shaw, P.; Niazi, F.; Bhandari, M.; Bedi, A. The impact of excluding patients with end-stage knee disease in
intra-articular hyaluronic acid trials: A systematic review and meta-analysis. Adv. Ther. 2019, 36, 147–161. [CrossRef]

25. Jevsevar, D.; Donnelly, P.; Brown, G.A.; Cummins, D.S. Viscosupplementation for osteoarthritis of the knee: A systematic review
of the evidence. J. Bone Jt. Surg. Am. 2015, 97, 2047–2060. [CrossRef] [PubMed]

26. Rutjes, A.W.; Juni, P.; da Costa, B.R.; Trelle, S.; Nuesch, E.; Reichenbach, S. Viscosupplementation for osteoarthritis of the knee: A
systematic review and meta-analysis. Ann. Intern. Med. 2012, 157, 180–191. [CrossRef] [PubMed]

27. Hermans, J.; Bierma-Zeinstra, S.M.A.; Bos, P.K.; Niesten, D.D.; Verhaar, J.A.N.; Reijman, M. The effectiveness of high molecular
weight hyaluronic acid for knee osteoarthritis in patients in the working age: A randomised controlled trial. BMC Musculoskelet.
Disord. 2019, 20, 196. [CrossRef]

28. Bowman, E.N.; Hallock, J.D.; Throckmorton, T.W.; Azar, F.M. Hyaluronic acid injections for osteoarthritis of the knee: Predictors
of successful treatment. Int. Orthop. 2018, 42, 733–740. [CrossRef] [PubMed]

29. Altman, R.D.; Rosen, J.E.; Bloch, D.A.; Hatoum, H.T.; Korner, P. A double-blind, randomized, saline-controlled study of the
efficacy and safety of EUFLEXXA for treatment of painful osteoarthritis of the knee, with an open-label safety extension (the
FLEXX trial). Semin. Arthritis Rheum. 2009, 39, 1–9. [CrossRef] [PubMed]

30. Huang, T.L.; Chang, C.C.; Lee, C.H.; Chen, S.C.; Lai, C.H.; Tsai, C.L. Intra-articular injections of sodium hyaluronate (Hyalgan(R))
in osteoarthritis of the knee. a randomized, controlled, double-blind, multicenter trial in the Asian population. BMC Musculoskelet.
Disord. 2011, 12, 221. [CrossRef] [PubMed]

31. Petterson, S.C.; Plancher, K.D. Single intra-articular injection of lightly cross-linked hyaluronic acid reduces knee pain in
symptomatic knee osteoarthritis: A multicenter, double-blind, randomized, placebo-controlled trial. Knee Surg. Sports Traumatol.
Arthrosc. 2019, 27, 1992–2002. [CrossRef]

32. Strand, V.; Baraf, H.S.B.; Lavin, P.T.; Lim, S.; Hosokawa, H. A multicenter, randomized controlled trial comparing a single
intra-articular injection of Gel-200, a new cross-linked formulation of hyaluronic acid, to phosphate buffered saline for treatment
of osteoarthritis of the knee. Osteoarthr. Cartil. 2012, 20, 350–356. [CrossRef]

https://doi.org/10.21037/atm.2019.06.68
https://doi.org/10.1016/j.arthro.2018.02.022
https://doi.org/10.2174/18743129-v16-e220206-2022-19
https://www.ncbi.nlm.nih.gov/pubmed/30148430
https://doi.org/10.7759/cureus.24503
https://www.ncbi.nlm.nih.gov/pubmed/35651409
https://doi.org/10.1016/j.semarthrit.2018.06.002
https://www.ncbi.nlm.nih.gov/pubmed/30072113
https://doi.org/10.1002/acr.23204
https://www.ncbi.nlm.nih.gov/pubmed/28118523
https://doi.org/10.1016/j.ocarto.2021.100232
https://doi.org/10.1177/23259671211030272
https://doi.org/10.1177/1947603518768015
https://www.nice.org.uk/guidance/ng226/chapter/Recommendations#pharmacological-management
https://doi.org/10.1136/bmjopen-2022-063026
https://doi.org/10.1007/s12325-018-0847-1
https://doi.org/10.2106/JBJS.N.00743
https://www.ncbi.nlm.nih.gov/pubmed/26677239
https://doi.org/10.7326/0003-4819-157-3-201208070-00473
https://www.ncbi.nlm.nih.gov/pubmed/22868835
https://doi.org/10.1186/s12891-019-2546-8
https://doi.org/10.1007/s00264-017-3731-8
https://www.ncbi.nlm.nih.gov/pubmed/29299652
https://doi.org/10.1016/j.semarthrit.2009.04.001
https://www.ncbi.nlm.nih.gov/pubmed/19539353
https://doi.org/10.1186/1471-2474-12-221
https://www.ncbi.nlm.nih.gov/pubmed/21978211
https://doi.org/10.1007/s00167-018-5114-0
https://doi.org/10.1016/j.joca.2012.01.013


J. Clin. Med. 2023, 12, 7422 11 of 12

33. Jorgensen, A.; Stengaard-Pedersen, K.; Simonsen, O.; Pfeiffer-Jensen, M.; Eriksen, C.; Bliddal, H.; Pedersen, N.W.; Bødtker, S.;
Hørslev-Petersen, K.; Snerum, L.Ø.; et al. Intra-articular hyaluronan is without clinical effect in knee osteoarthritis: A multicentre,
randomised, placebo-controlled, double-blind study of 337 patients followed for 1 year. Ann. Rheum. Dis. 2010, 69, 1097–1102.
[CrossRef] [PubMed]

34. Kahan, A.; Lleu, P.L.; Salin, L. Prospective randomized study comparing the medicoeconomic benefits of Hylan GF-20 vs.
conventional treatment in knee osteoarthritis. Jt. Bone Spine 2003, 70, 276–281. [CrossRef] [PubMed]

35. Mojica, E.S.M.D.; Hurley, E.T.; Blaeser, A.M.; Jazrawi, L.M.; Campbell, K.A.; Strauss, E.J. Estimated time to maximum medical
improvement of intra-articular injections in the treatment of knee osteoarthritis-a systematic review. Arthroscopy 2022, 38,
980–988.e4. [CrossRef] [PubMed]

36. Gormeli, G.; Gormeli, C.A.; Ataoglu, B.; Colak, C.; Aslanturk, O.; Ertem, K. Multiple PRP injections are more effective than single
injections and hyaluronic acid in knees with early osteoarthritis: A randomized, double-blind, placebo-controlled trial. Knee Surg.
Sports Traumatol. Arthrosc. 2017, 25, 958–965. [CrossRef] [PubMed]

37. Day, R.; Brooks, P.; Conaghan, P.G.; Petersen, M.; Multicenter Trial Group. A double blind, randomized, multicenter, parallel
group study of the effectiveness and tolerance of intraarticular hyaluronan in osteoarthritis of the knee. J. Rheumatol. 2004, 31,
775–782. [PubMed]

38. Bannuru, R.R.; Schmid, C.H.; Kent, D.M.; Vaysbrot, E.E.; Wong, J.B.; McAlindon, T.E. Comparative effectiveness of pharmacologic
interventions for knee osteoarthritis: A systematic review and network meta-analysis. Ann. Intern. Med. 2015, 162, 46–54.
[CrossRef]

39. Maia, P.A.V.; Cossich, V.R.A.; Salles-Neto, J.I.; Aguiar, D.P.; de Sousa, E.B. Viscosupplementation improves pain, function and
muscle strength, but not proprioception, in patients with knee osteoarthritis: A prospective randomized trial. Clinics 2019,
74, e1207. [CrossRef]

40. Huskisson, E.C.; Donnelly, S. Hyaluronic acid in the treatment of osteoarthritis of the knee. Rheumatology 1999, 38, 602–607.
[CrossRef]

41. Ozturk, C.; Atamaz, F.; Hepguler, S.; Argin, M.; Arkun, R. The safety and efficacy of intraarticular hyaluronan with/without
corticosteroid in knee osteoarthritis: 1-year, single-blind, randomized study. Rheumatol. Int. 2006, 26, 314–319. [CrossRef]

42. Karlsson, J.; Sjogren, L.S.; Lohmander, L.S. Comparison of two hyaluronan drugs and placebo in patients with knee osteoarthritis.
A controlled, randomized, double-blind, parallel-design multicentre study. Rheumatology 2002, 41, 1240–1248. [CrossRef]

43. Altman, R.; Hackel, J.; Niazi, F.; Shaw, P.; Nicholls, M. Efficacy and safety of repeated courses of hyaluronic acid injections for
knee osteoarthritis: A systematic review. Semin. Arthritis Rheum. 2018, 48, 168–175. [CrossRef]

44. Navarro-Sarabia, F.; Coronel, P.; Collantes, E.; Navarro, F.J.; de la Serna, A.R.; Naranjo, A.; Gimeno, M.; Herrero-Beaumont, G. on
behalf of the AMELIA study group. A 40-month multicentre, randomised placebo-controlled study to assess the efficacy and
carry-over effect of repeated intra-articular injections of hyaluronic acid in knee osteoarthritis: The AMELIA project. Ann. Rheum.
Dis. 2011, 70, 1957–1962. [CrossRef]

45. Hangody, L.; Szody, R.; Lukasik, P.; Zgadzaj, W.; Lenart, E.; Dokoupilova, E.; Bichovsk, D.; Berta, A.; Vasarhelyi, G.; Ficzere,
A.; et al. Intraarticular injection of a cross-linked sodium hyaluronate combined with triamcinolone hexacetonide (Cingal) to
provide symptomatic relief of osteoarthritis of the knee: A randomized, double-blind, placebo-controlled multicenter clinical trial.
Cartilage 2018, 9, 276–283. [CrossRef]

46. Conrozier, T.; Balblanc, J.C.; Richette, P.; Mulleman, D.; Maillet, B.; Henrotin, Y.; Rannou, F.; Piroth, C.; Hilliquin, P.; Mathieu, P.;
et al. Early effect of hyaluronic acid intra-articular injections on serum and urine biomarkers in patients with knee osteoarthritis:
An open-label observational prospective study. J. Orthop. Res. 2012, 30, 679–685. [CrossRef] [PubMed]

47. Henrotin, Y.; Bannuru, R.; Malaise, M.; Ea, H.K.; Confavreux, C.; Bentin, J.; Urbin-Choffray, D.; Conrozier, T.; Brasseur, J.-P.;
Thomas, P.; et al. Hyaluronan derivative HYMOVIS(R) increases cartilage volume and type II collagen turnover in osteoarthritic
knee: Data from MOKHA study. BMC Musculoskelet. Disord. 2019, 20, 293. [CrossRef] [PubMed]

48. Ishijima, M.; Nakamura, T.; Shimizu, K.; Hayashi, K.; Kikuchi, H.; Soen, S.; Omori, G.; Yamashita, T.; Uchio, Y.; Chiba, J.; et al.
Different changes in the biomarker C-terminal telopeptides of type II collagen (CTX-II) following intra-articular injection of
high molecular weight hyaluronic acid and oral non-steroidal anti-inflammatory drugs in patients with knee osteoarthritis: A
multi-center randomized controlled study. Osteoarthr. Cartil. 2022, 30, 852–861. [CrossRef]

49. Deberg, M.A.; Labasse, A.H.; Collette, J.; Seidel, L.; Reginster, J.Y.; Henrotin, Y.E. One-year increase of Coll 2-1, a new marker of
type II collagen degradation, in urine is highly predictive of radiological OA progression. Osteoarthr. Cartil. 2005, 13, 1059–1065.
[CrossRef] [PubMed]

50. Berkani, S.; Courties, A.; Eymard, F.; Latourte, A.; Richette, P.; Berenbaum, F.; Sellam, J.; Louati, K. Time to total knee arthroplasty
after intra-articular hyaluronic acid or platelet-rich plasma injections: A systematic literature review and meta-analysis. J. Clin.
Med. 2022, 11, 3985. [CrossRef] [PubMed]

51. Ong, K.L.; Anderson, A.F.; Niazi, F.; Fierlinger, A.L.; Kurtz, S.M.; Altman, R.D. Hyaluronic acid injections in Medicare knee
osteoarthritis patients are associated with longer time to knee arthroplasty. J. Arthroplast. 2016, 31, 1667–1673. [CrossRef]
[PubMed]

52. Altman, R.; Lim, S.; Steen, R.G.; Dasa, V. Hyaluronic acid injections are associated with delay of total knee replacement surgery in
patients with knee osteoarthritis: Evidence from a large U.S. health claims database. PLoS ONE 2015, 10, e0145776. [CrossRef]
[PubMed]

https://doi.org/10.1136/ard.2009.118042
https://www.ncbi.nlm.nih.gov/pubmed/20447955
https://doi.org/10.1016/S1297-319X(03)00043-5
https://www.ncbi.nlm.nih.gov/pubmed/12951310
https://doi.org/10.1016/j.arthro.2021.08.026
https://www.ncbi.nlm.nih.gov/pubmed/34461219
https://doi.org/10.1007/s00167-015-3705-6
https://www.ncbi.nlm.nih.gov/pubmed/26233594
https://www.ncbi.nlm.nih.gov/pubmed/15088306
https://doi.org/10.7326/M14-1231
https://doi.org/10.6061/clinics/2019/e1207
https://doi.org/10.1093/rheumatology/38.7.602
https://doi.org/10.1007/s00296-005-0584-z
https://doi.org/10.1093/rheumatology/41.11.1240
https://doi.org/10.1016/j.semarthrit.2018.01.009
https://doi.org/10.1136/ard.2011.152017
https://doi.org/10.1177/1947603517703732
https://doi.org/10.1002/jor.21580
https://www.ncbi.nlm.nih.gov/pubmed/22025307
https://doi.org/10.1186/s12891-019-2667-0
https://www.ncbi.nlm.nih.gov/pubmed/31215422
https://doi.org/10.1016/j.joca.2022.03.003
https://doi.org/10.1016/j.joca.2005.06.014
https://www.ncbi.nlm.nih.gov/pubmed/16154771
https://doi.org/10.3390/jcm11143985
https://www.ncbi.nlm.nih.gov/pubmed/35887749
https://doi.org/10.1016/j.arth.2016.01.038
https://www.ncbi.nlm.nih.gov/pubmed/26895820
https://doi.org/10.1371/journal.pone.0145776
https://www.ncbi.nlm.nih.gov/pubmed/26694145


J. Clin. Med. 2023, 12, 7422 12 of 12

53. Concoff, A.; Niazi, F.; Farrokhyar, F.; Alyass, A.; Rosen, J.; Nicholls, M. Delay to TKA and costs associated with knee osteoarthritis
care using intra-articular hyaluronic acid: Analysis of an administrative database. Clin. Med. Insights Arthritis Musculoskelet.
Disord. 2021, 14, 1179544121994092. [CrossRef]

54. Altman, R.; Bedi, A.; Manjoo, A.; Niazi, F.; Shaw, P.; Mease, P. Anti-inflammatory effects of intra-articular hyaluronic acid: A
systematic review. Cartilage 2019, 10, 43–52. [CrossRef] [PubMed]

55. Jubb, R.W.; Piva, S.; Beinat, L.; Dacre, J.; Gishen, P. A one-year, randomised, placebo (saline) controlled clinical trial of 500-730
kDa sodium hyaluronate (Hyalgan) on the radiological change in osteoarthritis of the knee. Int. J. Clin. Pract. 2003, 57, 467–474.
[CrossRef]

56. Listrat, V.; Ayral, X.; Patarnello, F.; Bonvarlet, J.P.; Simonnet, J.; Amor, B.; Dougados, M. Arthroscopic evaluation of potential
structure modifying activity of hyaluronan (Hyalgan) in osteoarthritis of the knee. Osteoarthr. Cartil. 1997, 5, 153–160. [CrossRef]

57. Miller, L.E.; Fredericson, M.; Altman, R.D. Hyaluronic acid injections or oral nonsteroidal anti-inflammatory drugs for knee
osteoarthritis: Systematic review and meta-analysis of randomized trials. Orthop. J. Sports Med. 2020, 8, 2325967119897909.
[CrossRef] [PubMed]

58. Altman, R.D.; Bedi, A.; Karlsson, J.; Sancheti, P.; Schemitsch, E. Product differences in intra-articular hyaluronic acids for
osteoarthritis of the knee. Am. J. Sports Med. 2016, 44, 2158–2165. [CrossRef] [PubMed]

59. Hummer, C.D.; Angst, F.; Ngai, W.; Whittington, C.; Yoon, S.S.; Duarte, L.; Manitt, C.; Schemitsch, E. High molecular weight
Intraarticular hyaluronic acid for the treatment of knee osteoarthritis: A network meta-analysis. BMC Musculoskelet. Disord. 2020,
21, 702. [CrossRef]

60. Vannabouathong, C.; Bhandari, M.; Bedi, A.; Khanna, V.; Yung, P.; Shetty, V.; Khan, M. Nonoperative treatments for knee
osteoarthritis: An evaluation of treatment characteristics and the intra-articular placebo effect: A systematic review. JBJS Rev.
2018, 6, e5. [CrossRef]

61. Phillips, M.; Vannabouathong, C.; Devji, T.; Patel, R.; Gomes, Z.; Patel, A.; Dixon, M.; Bhandari, M. Differentiating factors of
intra-articular injectables have a meaningful impact on knee osteoarthritis outcomes: A network meta-analysis. Knee Surg. Sports
Traumatol. Arthrosc. 2020, 28, 3031–3039. [CrossRef]

62. Dasa, V.; Lim, S.; Heeckt, P. Real-world evidence for safety and effectiveness of repeated courses of hyaluronic acid injections on
the time to knee replacement surgery. Am. J. Orthop. 2018, 47, 0058. [CrossRef]

63. Tubach, F.; Ravaud, P.; Baron, G.; Falissard, B.; Logeart, I.; Bellamy, N.; Felson, D.; Hochberg, M.; van der Heijde, D.; Dougados,
M. Evaluation of clinically relevant states in patient reported outcomes in knee and hip osteoarthritis: The patient acceptable
symptom state. Ann. Rheum. Dis. 2005, 64, 34–37. [CrossRef]

64. Tang, A.; Almetwali, O.; Zak, S.G.; Bernstein, J.A.; Schwarzkopf, R.; Aggarwal, V.K. Do preoperative intra-articular corticosteroid
and hyaluronic acid injections affect time to total joint arthroplasty? J. Clin. Orthop. Trauma 2021, 16, 49–57. [CrossRef] [PubMed]

65. Erturk, C.; Altay, M.A.; Altay, N.; Kalender, A.M.; Ozturk, I.A. Will a single periarticular lidocaine-corticosteroid injection improve
the clinical efficacy of intraarticular hyaluronic acid treatment of symptomatic knee osteoarthritis? Knee Surg. Sports Traumatol.
Arthrosc. 2016, 24, 3653–3660. [CrossRef] [PubMed]

66. Wang, S.Z.; Wu, D.Y.; Chang, Q.; Guo, Y.D.; Wang, C.; Fan, W.M. Intra-articular, single-shot co-injection of hyaluronic acid and
corticosteroids in knee osteoarthritis: A randomized controlled trial. Exp. Ther. Med. 2018, 16, 1928–1934. [CrossRef] [PubMed]

67. Zhang, W.; Robertson, J.; Jones, A.C.; Dieppe, P.A.; Doherty, M. The placebo effect and its determinants in osteoarthritis:
Meta-analysis of randomised controlled trials. Ann. Rheum. Dis. 2008, 67, 1716–1723. [CrossRef] [PubMed]

68. Uson, J.; Rodriguez-Garcia, S.C.; Castellanos-Moreira, R.; O’Neill, T.W.; Doherty, M.; Boesen, M.; Pandit, H.; Parera, I.M.;
Vardanyan, V.; Terslev, L.; et al. EULAR Recommendations for Intra-articular Therapies. Ann. Rheum. Dis. 2021, 80, 1299–1305.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1177/1179544121994092
https://doi.org/10.1177/1947603517749919
https://www.ncbi.nlm.nih.gov/pubmed/29429372
https://doi.org/10.1111/j.1742-1241.2003.tb10535.x
https://doi.org/10.1016/S1063-4584(97)80010-6
https://doi.org/10.1177/2325967119897909
https://www.ncbi.nlm.nih.gov/pubmed/32047830
https://doi.org/10.1177/0363546515609599
https://www.ncbi.nlm.nih.gov/pubmed/26578719
https://doi.org/10.1186/s12891-020-03729-w
https://doi.org/10.2106/JBJS.RVW.17.00167
https://doi.org/10.1007/s00167-019-05763-1
https://doi.org/10.12788/ajo.2018.0058
https://doi.org/10.1136/ard.2004.023028
https://doi.org/10.1016/j.jcot.2020.12.016
https://www.ncbi.nlm.nih.gov/pubmed/33680829
https://doi.org/10.1007/s00167-014-3398-2
https://www.ncbi.nlm.nih.gov/pubmed/25362247
https://doi.org/10.3892/etm.2018.6371
https://www.ncbi.nlm.nih.gov/pubmed/30186420
https://doi.org/10.1136/ard.2008.092015
https://www.ncbi.nlm.nih.gov/pubmed/18541604
https://doi.org/10.1136/annrheumdis-2021-220266

	Introduction 
	Methods 
	Results 
	Reduction in Nociceptive Pain 
	Function 
	Quality of Life 
	Joint Structure and Integrity 
	Adverse Effects 

	Discussion 
	Conclusions 
	References

