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Abstract
Objectives
The aim of the study was to demonstrate the non-inferiority of a single intra-articular injection
of 2.0% non-chemically modified sodium hyaluronate (SH) vs 0.8% hylan G-F 20 (control) in
symptomatic knee osteoarthritis.

Design
This was a double-blind, randomized, controlled trial conducted in patients with painful tibiofemoral osteoarthritis (American College of Rheumatology criteria) with insufficient
response or intolerance to first-line analgesics and regular non-steroidal anti-inflammatory
drugs. Subjects received a single intra-articular injection of either SH or hylan G-F 20. The
primary outcome was the 6-month change from baseline in the Western Ontario and
McMaster Universities Osteoarthritis Index pain subscale (WOMAC A), with a pre-specified
lower margin for non-inferiority of 8 mm.

Results
Of the 292 patients randomized (SH: 144), 288 received an injection (SH: 142), 266 completed the study (SH: 134). In the Per Protocol dataset (SH: 113, control: 112), the WOMAC
A change at 6 months was -34.3 mm (95% confidence interval (CI): -37.8, -30.8) and -36.2
mm (95% CI: -40.3, -32.1) for the SH and hylan G-F 20 patients, respectively (P = 0.5). The
intergroup difference was -1.9 mm (95% CI: -7.3, 3.5). Results were similar in the Full Analysis Set (SH: 139, control: 141) with a difference between the groups of -2.9 mm (95% CI:
-7.9, 2.2).
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A total of 31.3% of the injected patients reported a treatment-emergent adverse event,
including injection site reactions (pain, inflammation or effusion) which occurred in 8.5% of
the SH patients vs 13.0% of the hylan G-F 20 patients. No serious reactions were reported.

Conclusions
This clinical trial demonstrated the non-inferiority of a single intra-articular injection of SH vs
hylan G-F 20 on the WOMAC A change from baseline at 6 months.

Introduction
Osteoarthritis (OA) is a degenerative disease mainly affecting the knee joints [1–3]. It highly
restricts the ability of patients to perform their activities of daily living [3,4] and could be
responsible for an excess mortality (standardized mortality ratio 1.55), walking disability being
the main risk factor associated with this increased risk of death [5]. Although OA is considered
as a major public health problem and its optimal management is critical for reducing the burden of illness in developed countries [6,7], there is still no well-established disease- nor structure-modifying therapy for this condition. Therefore, current treatment strategies for knee OA
aim at relieving symptoms and are based on a combination of non-pharmacologic and pharmacologic treatments, as recommended by various scientific societies [8–11].
Intra-articular hyaluronic acid (HA) injections have been introduced in the therapeutic
armamentarium for managing OA since the 80’s and are widely used in clinical practice, especially in the treatment of knee OA [12,13]. Despite some discrepancies, recent meta-analyses
and systematic reviews advocate a moderate but true effect of intra-articular HA in relieving
pain and improving joint function in knee OA, which lasts for up to six months post injection,
i.e., much longer than intra-articular corticosteroid injections [14–27]. Intra-articular HA
even seems to offer the best benefit-risk balance among pharmacologic treatments of knee OA
[13,20,26,28] and is therefore recommended by the European Society for Clinical and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases (ESCEO) as second-line treatment in patients with persistent symptomatic OA [13]. The American College of
Rheumatology (ACR) also considers it as an alternative to unsatisfactory initial pharmacologic
therapy, emphasizing its interest for patients older than 75 years who are not recommended to
take oral non-steroidal anti-inflammatory drugs (NSAIDs) [9]. Finally, the Osteoarthritis
Research Society International (OARSI) recommends intra-articular HA injections only after
determining whether it can have merit in the context of the individual patient characteristics,
comorbidities and preferences, based on an uncertain appropriateness [10].
HA is an ubiquitarious glycosaminoglycan, especially present in human synovial fluid,
synovial membrane and cartilage. In OA, the rheological properties of the synovial fluid are
reduced due to a decreased HA concentration and an increased amount of low molecular
weight (MW) HA compared with healthy joints [29]. HA is injected into the affected joint to
improve the viscoelasticity of OA synovial fluid and therefore to restore its lubricating and
shock-absorbing properties. As the residence time of exogenous HA in the joint is not superior
to 7 days, the prolonged effects lasting several months post injection suggest that other mechanisms of action must be at work [30]. Intra-articular HA has been found to promote proteoglycan and glycosaminoglycan synthesis within the cartilage (including endogenous HA), to
decrease cartilage catabolic activities, to reduce chondrocyte apoptosis while increasing their
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proliferation, to suppress pro-inflammatory mediators, and to inhibit the action of pain mediators [31].
Currently marketed intra-articular HA preparations indicated for the treatment of OA may
have differences in product characteristics such as in the posology, the injected volume, or the
HA origin, structure (i.e., crosslinking degree), concentration, and MW. There is still no consensus on the clinical impact of each of these parameters at present. Most intra-articular HA
preparations available today are based on a multiple injection dosing regimen. Over the last
few years, the so called “one-shot” HAs have been developed, which are increasingly used
worldwide. Most of the one-shot preparations contain crosslinked HAs, which are known to
have an increased residence time within the joint in comparison with non-chemically modified HAs. In this randomized, controlled trial, we aimed at demonstrating the non-inferiority
of a single intra-articular injection of 2.0% non-chemically modified intermediate MW sodium
hyaluronate (SH) containing 0.5% of mannitol compared with a single intra-articular injection
of 0.8% hylan G-F 20 in patients with symptomatic tibiofemoral OA at six months after treatment. One-shot hylan G-F 20 was chosen as comparator, since it has demonstrated a clinical
superiority over intra-articular placebo in patients with knee OA [32].

Patients and methods
Ethics and registration
The trial was conducted in accordance with Good Clinical Practices, complied with the principles of the 2008 revised Declaration of Helsinki, and is reported according to the CONSORT
guidelines (S1 Checklist). Ethical approval was obtained on 9 June 2011 from the Institutional
Review Board of Robert Ballanger Hospital (Aulnay-sous-Bois, France). Patients were
recruited from 21 June 2011 to 30 April 2012, with the last patient completing the study on 22
November 2012. The study was registered with the French Competent Authority (ID-RCB
2011-A00258-33) before it started, and in ClinicalTrials.gov (NCT03203408) after participant
enrolment. The reason for this delay is due to an oversight on the part of the study sponsor,
who rectified it afterward. We confirm that all ongoing and related trials evaluating a single
intra-articular injection of 2.0% non-chemically modified SH (Ostenil1 Plus) are registered.
No major change to the protocol (S1 and S2 Protocols) were implemented after the study
start. Some corrections had to be made to the frozen database on one occasion after unblinding
the study (S1 Appendix). The procedure was duly recorded and approved by the Scientific
Board of the study.

Trial design
This was a multicenter, double-blind, randomized, active-controlled, non-inferiority trial with
a two-arm parallel design. Patients eligible at screening entered a washout period for analgesics
and NSAIDs lasting 2 to 5 days, depending on the drug. They were consecutively randomized
at baseline (D0) to receive either a single intra-articular injection of SH (test product) or a single intra-articular injection of hylan G-F 20 (control) within 2 days after randomization.
Patients were then examined for efficacy and safety at 30, 90 and 180 days (D30, D90, D180).
Patients who prematurely discontinued were not replaced.

Patients
Participants were recruited in private medical practices in France. Eligible patients were men
and women (aged 40 to 85 years) diagnosed with primary knee OA according to the ACR criteria [33] and a modified Kellgren-Lawrence grade Ib-III (X-ray taken in the past 12 months),
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i.e., radiographically defined joint space narrowing between 25% and 75% and definite osteophyte [34]. Only patients with insufficient response or intolerance to first-line analgesics and
regular NSAIDs were included. In addition, they should have knee pain on �15 days in the
previous month and a pain level �40 mm on a 100 mm normalized Western Ontario and
McMaster Universities Osteoarthritis Index pain subscale (WOMAC A) [35]. In case of bilateral knee OA, patients should also present a difference of �20 mm on WOMAC A between
the studied and contralateral knees. Participants should have a health insurance and be able to
understand the study instructions. Their written informed consent was collected prior to enter
the study.
Subjects were excluded if their knee OA resulted from a trauma or was predominantly of
patellofemoral origin. Further exclusion criteria comprised excessive varus/valgus knee deformity (�15 degrees on a standard X-ray), inflammatory/metabolic rheumatic diseases, obesity
(body mass index �30 kg/m2), history of injury to the studied knee in the past six months,
lower limb pain other than knee OA, and severe disease likely to interfere with trial assessments. Patients with the following treatments were also excluded: intra-articular HA injection
in the studied knee within the previous six months, intra-articular corticosteroid injection in
the studied knee within the previous two months, symptomatic slow-acting drug in OA
(SYSADOA) initiated or modified within the previous three months, any surgical intervention
(including arthroscopy) within the past year, any surgery scheduled during the study. Finally
several exclusion criteria were established to comply with the contra-indications and warnings
associated with the study products: important joint effusion (requiring knee puncture), wound
or skin disease on/around the studied knee, anticoagulant therapy with heparin or warfarin,
known hypersensitivity to HA, avian proteins, mannitol or acetaminophen, pregnancy, breastfeeding.

Treatment and blinding
The test product was Ostenil1 Plus (TRB Chemedica AG, Haar/Munich, Germany), a preparation containing 2.0% of a non-chemically modified intermediate MW (range 1 000–2 000
kDa) SH obtained by biofermentation and 0.5% mannitol. It is a 2.0 ml viscoelastic solution
presented in a 3 ml pre-filled syringe. The comparator was Synvisc-One1 (Genzyme Biosurgery, Ridgefield, NJ), a preparation containing 0.8% of hylan G-F 20, an avian derived divinylsulfone crosslinked HA gel (80% hylan A + 20% hylan B) with a mean MW of 6 000 kDa. It is
provided as a 6 ml viscoelastic fluid in a 10 ml pre-filled syringe. Both investigational products
were packed in identical neutral packaging and labeled according to Good Manufacturing
Practices for the manufacture of investigational medicinal products and in compliance with
national regulations. Since the SH and hylan G-F 20 preparations differ in appearance (viscoelasticity, volume and syringe) and were identifiable by the injecting investigator, double-blind
conditions were ensured by the intervention of an observer blinded to treatment (evaluating
investigator), who had to perform clinical assessments at screening, baseline and post injection
follow-up visits. Patient blinding was ensured by avoiding visual access to the injection field.
Injections were performed according to the usual rules of asepsis, using a lateral patellofemoral
approach, as commonly recommended [12].
Treatments that could interfere with the assessment of knee OA symptoms, including joint
lavage and intra-articular injections of corticosteroids or other HA, were prohibited during
the entire study. A knee effusion removal was tolerated only in case of severe joint effusion.
The use of oral corticosteroids and topical or oral NSAIDs was restricted to short periods of
time (3–5 days/month), provided that the patient fulfill the washout period before each assessment visit; anti-aggregant low dose Aspirin1 was permitted (<325 mg/day) during the trial.
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Rescue analgesic was acetaminophen up to 4 g/day with a 12-hour washout period before each
follow-up visit.

Randomization and treatment allocation
Patients were randomly assigned to one of the two treatment groups on a 1:1 ratio. A randomization list in blocks of four treatments, without stratification, generated by a computer algorithm, was produced by an independent company having no contact with the investigators or
personnel involved in the conduct of the study. After verification of the inclusion and exclusion criteria, the evaluating investigator allocated a randomization number according to the
chronological order of enrolment of each patient at his/her site. The patient was then sent to
the injecting investigator who administered the investigational product corresponding to the
randomization number. To maintain the balance between the two groups each evaluating
investigator undertook to recruit a multiple of four patients.

Outcome measures
The primary criterion was the change in WOMAC A between baseline and D180, using the
visual analog scale (VAS) (version VA3.1) [35]. Changes were compared between groups at
endpoint. Stiffness (WOMAC B) and function (WOMAC C) subscales of the WOMAC were
assessed as secondary criteria. Results of each domain were normalized on a 0–100 mm scale.
Other secondary efficacy parameters included the Lequesne index [36], patient global assessment of disease activity (PtGA) on a 100 mm VAS, global treatment efficacy evaluated by both
the patient and the investigator (5-point Likert scale), and acetaminophen consumption. All
these parameters were assessed at each study visit. In addition, the responder rate according to
the Outcome Measures in Rheumatoid Arthritis Clinical Trials (OMERACT) group and the
OARSI criteria was calculated at D180 [37].
All adverse events (AEs) and serious adverse events (SAEs) were collected from screening
throughout the study. Local reactions such as site injection joint pain, joint effusion and acute
pseudo-septic or septic arthritis were recorded at the first follow-up visit (D30).

Statistics
The sample size was calculated on the primary outcome, based on an acceptable margin for
non-inferiority between the treatment groups predefined at 8 mm (Δ) on a 100 mm VAS, i.e.,
less than the minimum perceptible clinical improvement of 10 mm usually considered for the
WOMAC A [38], and as previously chosen in two similar non-inferiority trials [39,40].
Assuming a standard deviation (SD) of 24 mm for both groups and a type I error risk of 5%
(one-sided), it was estimated that 111 assessable patients per group would be necessary to
achieve an 80% power. Anticipating 15% of major protocol violations in addition to a 15% discontinuation rate at six months, it was decided to enroll a total of at least 290 patients.
Three efficacy datasets were defined in the Statistical Analysis Plan. The Intention-to-Treat
(ITT) population comprising all patients included and randomized in the study was used for
the analysis of demographic and baseline characteristics. The Full Analysis Set (FAS) was a
subgroup of the ITT consisting of patients who received the investigational product and for
whom at least one post injection evaluation of the primary efficacy criterion was available.
Finally, the Per Protocol (PP) population was a subgroup of patients with no major protocol
deviation selected from the FAS in a blinded fashion prior to breaking the randomization
codes.
The primary statistical analysis was performed on the PP dataset. To ensure the robustness
of the results a secondary analysis was also performed on the observed data of the FAS.
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Furthermore, to evaluate the potential risk of bias due to missing data, a multiple imputation
approach was used to replace missing WOMAC A values at D180, allowing the primary efficacy outcome to be calculated for all patients of the FAS and compared with the one obtained
from the analysis on observed data. Firstly, a comparative analysis of discontinued/lost to follow-up patients vs completers was performed to identify any covariates for which major differences had been highlighted. Secondly, assuming that missing data were of the missing at
random type, multiple imputation based on the available data at D0, D30 and D90 was performed, with a regression model where the treatment and covariates identified earlier were
included. Twenty imputations per case were performed [41]. Finally, sensitivity analyses were
carried out to verify the influence of parameters for which the intergroup difference was statistically significant at baseline, using analysis of covariance and multiple regression and/or
adjustment depending on the parameters.
Baseline characteristics were analyzed using descriptive statistics, i.e., mean, SD, median,
minimum, maximum, or depending on the type of variable by the number of patients and percentage per category. For inferential comparisons between the two treatment arms, Chi-square
test or Fisher’s exact test, and Student’s t-test or Wilcoxon-Mann-Whitney test were used,
depending on the type and distribution of data. Paired t-test or signed rank test were used for
comparisons within the treatment arms over time. For all the tests performed the approach
was bilateral and the alpha risk was fixed at 5%.
Stata (College Station, TX) was used to model missing data by multiple imputation. Other
statistical analyses were performed using SAS V9.2 (Cary, NC).

Results
Patient disposition
Fig 1 presents the CONSORT flow diagram of the trial.
Fifty centers (couples of injecting and blinded evaluating investigators) preselected 400 subjects, among whom 108 (27.0%) were not eligible at screening. Two hundred ninety two
patients were included in the study: 144 allocated to the SH group (49.3%) and 148 to the control group (50.7%). Out of the 292 randomly assigned patients (ITT dataset), 288 received a
single injection of SH (n = 142, 48.6%) or hylan G-F 20 (n = 146, 50.0%) and 4 (1.4%) did not.
The overall dropout rate was 7.5%. Eighteen patients who received the investigational product
prematurely discontinued the study (SH: 6, control: 12), and 2 in each group were lost to follow-up (S1 Table). A total of 266 patients (91.1%) completed the trial at 6 months (SH: 134,
control: 132).
The FAS (SH: 139, control: 141) comprised all randomized patients but 12 who had no
baseline or post injection value for the WOMAC A (8 patients) or who did not receive the
study injection (4 patients). Sixty-seven patients with a major protocol violation were excluded
from the PP dataset (see details in Fig 1 and S2 Table). As a result, 225 patients completed the
study without any major deviation, i.e., 113 in the SH group and 112 in the control group.

Demographic and other baseline characteristics
Baseline characteristics of the ITT dataset are summarized in Table 1. Most patients were
women (66.4%), moderately overweight (body mass index 26.4 ± 2.9 kg/m2) with a mean age
of 66.9 ± 10.2 years (39–86 years old). About 56.5% of patients had a knee OA severity grade II
according to the modified Kellgren-Lawrence radiographic scoring. Knee OA was unilateral in
half of the patients; most of them had a unicompartmental tibiofemoral OA (67.5%) without
associated patellofemoral pain syndrome (75.0%). Symptoms were moderate to severe, with
mean pain (58.3 ± 11.7 mm), stiffness (48.3 ± 20.3 mm) and function (47.7 ± 15.8 mm)
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Fig 1. CONSORT flow diagram. FAS = Full Analysis Set; ITT = Intention-to-Treat; n = number of patients; PP = Per Protocol.
https://doi.org/10.1371/journal.pone.0226007.g001

WOMAC subscores of the studied knee and a Lequesne index score of 12.0 ± 6.7 points. Both
groups had very similar baseline demographic, disease and symptoms characteristics; the only
significant difference observed was the male/female ratio (P = 0.04) (SH: 72.2% women; control: 60.8% women).
All baseline characteristics were similar in the FAS (S3 Table) and PP datasets (S4 Table).
Individual data are presented in S5 Table.

Primary efficacy outcome
In the PP dataset, both treatment groups showed a marked improvement in pain at D30 compared with baseline (P <0.001), which was maintained for the entire study duration (Fig 2A).
At D180, the mean WOMAC A had decreased by 34.3 mm (95% CI: -37.8, -30.8) in the SH
group and 36.2 mm (95% CI: -40.3, -32.1) in the control group compared with baseline
(Table 2), with no significant difference between both treatment groups (P = 0.5). Similar
results were obtained in the FAS (Fig 2B, S6 Table). Individual efficacy data for the WOMAC
A are displayed in S7 Table.
Table 1. Patient demographics and baseline characteristics (Intention-to-Treat population).
Characteristic

SH
n = 144

Control
n = 148

P

Female, n (%)

104 (72.2)

90 (60.8)

0.04†

Age (years), mean (SD)

67.1 (9.7)

66.6 (10.7)

0.7‡

Body mass index (kg/m2), mean (SD)

26.4 (3.0)

26.3 (2.9)

0.8‡

Bilateral knee osteoarthritis, n (%)

70 (48.6)

76 (51.4)

0.6†

Studied knee (right), n (%)

85 (59.0)

74 (50.0)

0.1†

Bicompartmental knee osteoarthritis, n (%)

41 (28.5)

51 (34.5)

0.5†

Associated patellofemoral pain syndrome, n (%)

32 (22.2)

41 (27.7)

0.3†

10 (6.9)

11 (7.4)

�1 and <5 years

58 (40.3)

51 (34.5)

�5 and <10 years

39 (27.1)

44 (29.7)

�10 years

37 (25.7)

42 (28.4)

Grade Ib

21 (14.6)

26 (17.6)

Grade II

78 (54.2)

87 (58.8)

Grade III

45 (31.3)

35 (23.6)

WOMAC A (mm), mean (SD)

58.4 (11.5)

58.3 (12.0)

0.9‡

WOMAC B (mm), mean (SD)

48.0 (20.7)

48.5 (20.0)

0.8‡

WOMAC C (mm), mean (SD)

47.1 (16.0)

48.4 (15.6)

0.5‡

11.7 (3.5)

11.6 (3.5)

0.8‡

59.6 (16.2)

59.9 (17.9)

0.9‡

Time since knee osteoarthritis diagnosis, n (%)
<1 year

0.8†

Modified Kellgren-Lawrence grade at studied knee

Lequesne index, mean (SD)
PtGA (mm), mean (SD)

0.3†

† Chi-square test
‡ Student’s t-test.
Control = hylan G-F 20; PtGA = patient global assessment of disease activity; SD = standard deviation; SH = sodium
hyaluronate; WOMAC A, B, C = Western Ontario and McMaster Universities Osteoarthritis Index pain, stiffness,
function subscales.
https://doi.org/10.1371/journal.pone.0226007.t001
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Fig 2. Evolution of the WOMAC pain subscale during the 6-month trial. The two graphs represent data of the Per Protocol dataset (a) and Full Analysis Set
(b). They are presented as means of observed cases ± standard deviation. Sodium hyaluronate group: saltire with dashed line; control group: hollow circle with
dotted line; n = number of patients; WOMAC A = Western Ontario and McMaster Universities Osteoarthritis Index pain subscale.
https://doi.org/10.1371/journal.pone.0226007.g002

Table 2. Primary and secondary efficacy criteria at 6 months post injection (Per Protocol dataset).
Outcome

SH
n = 113

Control
n = 112

Difference

P

0.5†

WOMAC A change from baseline (mm)
Mean (SE)
95% CI

-34.3 (1.8)

-36.2 (2.1)

-1.9 (2.7)

(-37.8, -30.8)

(-40.3, -32.1)

(-7.3, 3.5)

WOMAC B change from baseline (mm)
Mean (SE)
95% CI

-22.5 (2.3)

-26.9 (2.1)

-4.4 (3.1)

(-27.0, -18.0)

(-31.1, -22.8)

(-10.5, 1.7)

0.2†

WOMAC C change from baseline (mm)
Mean (SE)
95% CI

-21.3 (1.6)

-25.7 (1.9)

-4.4 (2.5)

(-24.4, -18.1)

(-29.5, -21.8)

(-9.4, 0.5)

0.08†

Lequesne index change from baseline
Mean (SE)
95% CI

-4.3 (0.3)

-4.7 (0.4)

-0.4 (0.5)

(-4.9, -3.6)

(-5.4, -4.0)

(-1.4, 0.6)

0.4†

PtGA change from baseline (mm)
Mean (SE)
95% CI

-25.4 (2.2)

-27.0 (2.0)

-1.5 (2.9)

(-29.7, -21.1)

(-30.9, -23.0)

(-7.3, 4.3)

0.6†

Global treatment efficacy (good/very good), n (%)
By the patient

75 (66.4)

75 (67.0)

>0.9‡

By the investigator

78 (69.0)

77 (68.8)

>0.9‡

Acetaminophen use post injection (yes), n (%)

82 (72.6)

74 (66.1)

0.3‡

OMERACT-OARSI responders, n (%)

93 (83.0)

96 (85.7)

0.6§

† Student’s t-test
‡ Fisher’s exact test
§ Chi-square test.
CI = confidence interval; OMERACT-OARSI = Outcome Measures in Rheumatoid Arthritis Clinical Trials—Osteoarthritis Research Society International;
PtGA = patient global assessment of disease activity; SE = standard error; SH = sodium hyaluronate; WOMAC A, B, C = Western Ontario and McMaster Universities
Osteoarthritis Index pain, stiffness, function subscales, respectively.
https://doi.org/10.1371/journal.pone.0226007.t002
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The intergroup difference for the primary efficacy endpoint was -1.9 mm (95% CI: -7.3, 3.5;
P = 0.5) in the PP dataset (Fig 3). The lower limit of the 95% CI was higher than the predefined
non-inferiority margin (-Δ) of -8 mm, demonstrating the non-inferiority of SH vs hylan G-F
20 on efficacy. In addition, the 95% CI of the intergroup difference lay within the equivalence
zone from -8 mm to +8 mm allowing to conclude to an equivalence between SH and hylan
G-F 20. Sensitivity analysis on the FAS showed similar results with an intergroup difference in
the WOMAC A change at -2.9 mm (95% CI: -7.9, 2.2) (P = 0.3). These outcomes were confirmed after multiple imputation of all missing data (8 in each group) using the treatment, sex
and age of the patient as covariates (estimated intergroup difference: -2.3 mm, 95% CI: -7.3,
2.7). Finally, as sex ratio was unbalanced between groups at baseline, an analysis conducted to
assess whether this difference could impact the primary efficacy outcome showed no difference
between men and women on WOMAC A changes and no significant interaction between sex
and intergroup difference of efficacy (P >0.9) (S2 Appendix).

Secondary efficacy outcomes
In the PP dataset, both groups showed a significant improvement in stiffness and function
after treatment (P <0.001), which was maintained up to the end of the study (Fig 4A and 4B,
Table 2). Similar figures could be observed for the Lequesne index and PtGA (Fig 4C and 4D,
Table 2). The Lequesne index score decreased by 4.3 (95% CI: -4.9, -3.6) in the SH group and
4.7 (95% CI: -5.4, -4.0) in the control group (P = 0.4) at D180 (Table 2). Global treatment efficacy evaluated by the patient and the investigator were also similar in both groups, 66.4% of
patients in the SH group considering their treatment as good to very good vs 67.0% of patients
in the control group (P >0.9). Moreover, the OMERACT/OARSI responder rates at D180
were high: 83.0% in the SH group and 85.7% in the control group (P = 0.6). Similar proportions of patients in both groups took rescue medication during the study (P = 0.4): 82 in the
SH group (72.6%) and 74 (66.1%) in the control group at a low daily mean dosage.
Secondary efficacy results in the FAS were consistent with those obtained in the PP dataset
(S6 Table, S1 Fig). Individual secondary efficacy data are displayed in S8, S9, S10, S11, S12 and
S13 Tables.

Safety outcomes
Only 288 patients received the allocated injection and were considered for safety outcomes
(Table 3). Overall, both intra-articular treatments were well tolerated. The proportions of
patients reporting a treatment-emergent AE were similar: 39 (27.5%) vs 51 (34.9%) in the SH
and control groups, respectively. Respectively 60 and 74 AEs were reported in the SH and control groups (P = 0.2), most of them being of mild or moderate intensity. Their distribution per
frequency and type was similar in both groups (S14 and S15 Tables). All patients recovered
from their AEs.
The most common AEs were injection site joint pain (n = 27) and pain in the studied knee
(n = 20), followed by injection site joint inflammation (n = 10), loin pain (n = 10), and OA
flare (n = 6). In total 8.5% of the patients presented a local reaction after injection in the SH
group vs 13.0% in the hylan G-F 20 group (P = 0.3). They resolved spontaneously in most of
the cases; only one fluid removal in a patient of the control group had to be performed. No
acute pseudo-septic or septic arthritis were reported.
Only 3 patients were affected by an SAE. One in the SH group fell in the street at 20 days
post injection with femoral fracture requiring surgery. In the control group, 1 patient had to
undergo total knee replacement of the studied knee at 197 days post injection, another was
hospitalized due to fever of viral origin at 22 days post injection. Due to the type of SAEs and
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Fig 3. Non-inferiority of sodium hyaluronate vs hylan G-F 20 in the Per Protocol dataset and Full Analysis Set.
Point estimates and 95% confidence interval of the intergroup difference in the primary efficacy endpoint (change
from baseline in WOMAC A at 6 months). FAS = Full Analysis Set; PP = Per Protocol dataset; WOMAC A = Western
Ontario and McMaster Universities Osteoarthritis Index pain subscale.
https://doi.org/10.1371/journal.pone.0226007.g003

their occurrence long after the injection, a direct relationship with the injected HAs was
excluded by the investigator.
Three patients dropped out for safety reasons, all in the hylan G-F 20 group: 1 patient had a
painful OA flare in his studied knee 29 days after injection, another had a joint effusion in the
contralateral knee at 54 days post injection, and the third patient left the trial due to a viral
fever (see the SAE described above).
Individual safety data are presented in S16 and S17 Tables.

Discussion
We report the results of the first face-to-face double-blind randomized controlled trial having
compared two single-injection HA preparations, SH and hylan G-F 20. This trial showed the
non-inferiority of a single intra-articular injection of an intermediate MW SH solution containing mannitol compared with a single intra-articular injection of a crosslinked, high MW
hylan G-F 20 solution, which had been previously shown to be superior to intra-articular placebo [32] in symptomatic knee OA patients. The results of our study, with a sample well representative of the common knee OA outpatient population, do not support those obtained by
Raman et al. (2008) [42] suggesting an earlier and more sustained pain reduction with hylan
G-F 20 than SH. On the contrary, all primary and secondary efficacy analyses demonstrated
that both study products were equivalent on pain relief. Secondary outcomes were also similar
in both groups. The rates of responders according to the OMERACT-OARSI response criteria
were high with both intra-articular HA products. The magnitude of effect on pain, functional
impairment and PtGA was clinically significant and in line with the estimated effect sizes
reported in the meta-analysis by Bannuru et al. (2015) [20] and the systematic review by Xing
et al. (2016) [43]. Our results are also consistent with those of published clinical trials, i.e., one
superiority trial evaluating Synvisc-One1 vs placebo [32] and four non-inferiority trials comparing three-injection products: Structovial1 vs Synvisc1 [44], Sinovial1 vs Synvisc1 [39],
Ostenil1 vs Synvisc1 [45], and GO-ON1 vs Hyalgan1 [40]. The primary results of these studies are summarized in Table 4.
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Fig 4. Evolution of the secondary efficacy criteria during the 6-month trial (Per Protocol dataset). The four graphs represent WOMAC stiffness subscale
(a), WOMAC function subscale (b), Lequesne index (c) and patient global assessment of disease activity (d). Data are presented as means of observed
cases ± standard deviation. Sodium hyaluronate: saltire with dashed line; control group: hollow circle with dotted line; PtGA = patient global assessment of
disease activity; WOMAC B, C = Western Ontario and McMaster Universities Osteoarthritis Index stiffness, function subscales.
https://doi.org/10.1371/journal.pone.0226007.g004

From a safety point of view, our clinical trial showed that a single intra-articular injection
of SH or hylan G-F 20 was well tolerated, treatment-related AEs being mostly mild to moderate local post injection reactions and only few OA flares of the studied knee. No cases of acute
pseudo-septic or septic arthritis occurred.
The main limitation of our trial is the absence of a placebo arm that could have been useful
to discriminate between the effect resulting from the injection itself and that of the HA preparation. We decided to demonstrate the non-inferiority of SH vs hylan G-F 20 instead of superiority vs intra-articular placebo, since the superiority of hylan G-F 20 compared with intraarticular placebo had already been demonstrated in patients with knee OA [32] using the
WOMAC A as a primary efficacy criterion. Additionally, treating patients with a placebo in a
country where more than 13 various intra-articular HA preparations were available and reimbursed by the healthcare system would be complicated to perform and considered as unethical.
On another hand, it is recognized that the placebo used in randomized trials evaluating intraarticular therapies in knee OA is not a “true” placebo, i.e., it has an effect size on pain that is
superior to oral placebo [46]. The intra-articular placebo effect had already been highlighted in
the 50’s, when Desmarais and colleagues showed that a single saline injection, or even a
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Table 3. Safety outcomes in the patients who received an injection of the investigational product.
SH
n = 142

Control
n = 146

P

Patients with at least one treatment-emergent AE

39 (27.5)

51 (34.9)

0.2†

Treatment-emergent AEs§

60 (42.3)

74 (50.7)

0.2‡

1 (0.7)

2 (1.4)

>0.9†

SAEs§

2 (1.4)

2 (1.4)

0.6‡

Dropouts due to an AE

0 (0.0)

3 (2.1)

0.2†

12 (8.5)

19 (13.0)

0.3†

17 (12.0)

25 (17.1)

0.2‡

Injection site joint pain§

11 (7.7)

16 (11.0)

0.4‡

Arthralgia of the studied knee§

11 (7.7)

9 (6.2)

0.6‡

4 (2.8)

6 (4.1)

0.6‡

Outcome, n (%)

Patients with at least one SAE

Patients with at least one injection site reaction
Injection site reactions§
Treatment-emergent AEs >2%§

Injection site joint inflammation§
Loin pain§

4 (2.8)

6 (4.1)

0.6‡

Osteoarthritis flare up of the studied knee§

1 (0.7)

5 (3.4)

0.1‡

Bronchitis§

3 (2.1)

3 (2.1)

>0.9‡

Injection site joint effusion§

2 (1.4)

3 (2.1)

>0.9‡

Spinal osteoarthritis§

1 (0.7)

3 (2.1)

0.3‡

† Fisher’s exact test
‡ Wilcoxon-Mann-Whitney test.
§ Percentages indicates incidences, i.e., number of occurrences per total of patients.
AE = adverse event; SAE = serious adverse event; SH = sodium hyaluronate.
https://doi.org/10.1371/journal.pone.0226007.t003

puncture with a needle (no injection), could provide pain relief in OA [47]. This has to be considered in addition to the known major placebo effect observed in OA trials [48]. The magnitude of the intra-articular placebo effect has been recently estimated at 0.29 in a recent
network meta-analysis of alternative placebo preparations in OA [46], leading to the reaffirmation of "Needle Is Better Than Pill" [49]. To a lesser degree, this randomized controlled trial is
also limited by its six month predefined endpoint, which did not allow knowing the true duration of the symptomatic effect of SH. A one year follow-up would have provided information
on a potentially longer duration of the clinical benefit.
The prevalence of symptomatic knee OA has increased over the past decades and the burden associated to the disease is expected to dramatically grow within the next years [50]. This
phenomenon is, in particular, reflected by the huge increase of total joint replacements performed each year in most countries, which is expected to be multiplied by 600% and 300% by
2030 in the US or the Netherlands, respectively [51,52]. Considering its cost and potential
iatrogenicity, it is mandatory to limit total joint replacement surgery to refractory end-stage
knee OA and to favor the use and prescription of conservative treatment modalities. Beside
their proven and recognized effect on pain and functional limitations, there is an increasing
amount of evidence that intra-articular HA injections could delay the need for total knee
replacement, as recently reported by various authors [53–57]. As a result, intra-articular HA
injections should be considered as a valuable therapeutic option in the symptomatic management of knee OA [28].

Conclusion
This well-designed study has demonstrated the non-inferiority of a single intra-articular injection of SH vs a single intra-articular injection of hylan G-F 20, which had been previously
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Table 4. Summary of changes from baseline in pain at 6 months post treatment in previous published studies.
Pain variable

Study product

Reference product

Chevalier et al. (2010) [32]

Synvisc-One1

Placebo

-0.84 (0.06)

-0.69 (0.06)

(-0.96, -0.72)

(-0.80, -0.58)

Structovial1

Synvisc1

WOMAC A (0–4 Likert)
Mean (SE)
95% CI
Maheu et al. (2011) [44]
Global pain (100 mm VAS)
Mean (SE)
95% CI
Pavelka and Uebelhart (2011) [39]

-38.8 (2.3)

-37.1 (2.4)

(-43.3, -34.4)

(-41.8, -32.5)

Sinovial1

Synvisc1

-32.5 (NA)

-32.5 (NA)

WOMAC A (100 mm VAS)
Mean (SE)
95% CI
Dreiser et al. (2012) [45]

NA

NA

Ostenil1

Synvisc1

WOMAC A (100 mm VAS)
Mean (SE)
95% CI
Berenbaum et al. (2012) [40]

-28.9 (2.0)

-27.8 (2.4)

(-32.8, -24.9)

(-32.5, 23.1)

GO-ON1

Hyalgan1

-22.9 (1.4)

-18.4 (1.5)

(-25.7, -20.1)

(-21.3, -15.5)

WOMAC A (100 mm VAS)
Mean (SE)
95% CI

Italic: calculated data. NA = not available; SE = standard error; VAS; visual analog scale; WOMAC A = Western
Ontario and McMaster Universities Osteoarthritis Index pain subscale.
https://doi.org/10.1371/journal.pone.0226007.t004

shown to be superior to intra-articular placebo. The effect size observed on pain reduction and
functional improvement were clinically significant, and the percentage of responders to the
treatment according to the OMERACT-OARSI responder criteria was higher than 80% in
each treatment group. Given the potentially safer and higher tolerability of “one-shot” preparations, the use of a single SH injection should be encouraged as a second-line treatment in knee
OA patients.
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Rutjes AW, Jüni P, da Costa BR, Trelle S, Nüesch E, Reichenbach S. Viscosupplementation for osteoarthritis of the knee: A systematic review and meta-analysis. Ann Intern Med. 2012; 157(3):180–91.
https://doi.org/10.7326/0003-4819-157-3-201208070-00473 PMID: 22868835.

17.

Colen S, van den Bekerom MP, Mulier M, Haverkamp D. Hyaluronic acid in the treatment of knee osteoarthritis: a systematic review and meta-analysis with emphasis on the efficacy of different products. Biodrugs. 2012; 26(4):257–68. https://doi.org/10.2165/11632580-000000000-00000 PMID: 22734561.

18.

Miller LE, Block JE. US-approved intra-articular hyaluronic acid injections are safe and effective in
patients with knee osteoarthritis: systematic review and meta-analysis of randomized, saline-controlled
trials. Clin Med Insights Arthritis Musculoskelet Disord. 2013; 6:57–63. https://doi.org/10.4137/
CMAMD.S12743 PMID: 24027421.

19.

Bannuru RR, Vaysbrot EE, Sullivan MC, McAlindon TE. Relative efficacy of hyaluronic acid in comparison with NSAIDs for knee osteoarthritis: A systematic review and meta-analysis. Semin Arthritis
Rheum. 2014; 43(5):593–9. https://doi.org/10.1016/j.semarthrit.2013.10.002 PMID: 24216297.

20.

Bannuru RR, Schmid CH, Kent DM, Vaysbrot EE, Wong JB, McAlindon TE. Comparative effectiveness
of pharmacologic interventions for knee osteoarthritis: A systematic review and network meta-analysis.
Ann Intern Med. 2015; 162(1):46–54. https://doi.org/10.7326/M14-1231 PMID: 25560713.

21.

Campbell KA, Erickson BJ, Saltzman BM, Mascarenhas R, Bach BR Jr., Cole BJ, et al. Is local viscosupplementation injection clinically superior to other therapies in the treatment of osteoarthritis of the
knee: A systematic review of overlapping meta-analyses. Arthroscopy. 2015; 31(10):2036–45.e14.
https://doi.org/10.1016/j.arthro.2015.03.030 PMID: 25998016.

22.

Richette P, Chevalier X, Ea HK, Eymard F, Henrotin Y, Ornetti P, et al. Hyaluronan for knee osteoarthritis: An updated meta-analysis of trials with low risk of bias. RMD Open. 2015; 1(1):e000071. https://doi.
org/10.1136/rmdopen-2015-000071 PMID: 26509069.

23.

Strand V, McIntyre LF, Beach WR, Miller LE, Block JE. Safety and efficacy of US-approved viscosupplements for knee osteoarthritis: a systematic review and meta-analysis of randomized, saline-controlled trials. J Pain Res. 2015; 8:217–28. https://doi.org/10.2147/JPR.S83076 PMID: 26005358.

24.

Jevsevar D, Donnelly P, Brown GA, Cummins DS. Viscosupplementation for osteoarthritis of the knee:
A systematic review of the evidence. J Bone Joint Surg Am. 2015; 97(24):2047–60. https://doi.org/10.
2106/JBJS.N.00743 PMID: 26677239.

25.

Johansen M, Bahrt H, Altman RD, Bartels EM, Juhl CB, Bliddal H, et al. Exploring reasons for the
observed inconsistent trial reports on intra-articular injections with hyaluronic acid in the treatment of
osteoarthritis: Meta-regression analyses of randomized trials. Semin Arthritis Rheum. 2016; 46(1):34–
48. https://doi.org/10.1016/j.semarthrit.2016.02.010 PMID: 27139169.

26.

Trojian TH, Concoff AL, Joy SM, Hatzenbuehler JR, Saulsberry WJ, Coleman CI. AMSSM scientific
statement concerning viscosupplementation injections for knee osteoarthritis: importance for individual
patient outcomes. Clin J Sport Med. 2016; 26(1):1–11. https://doi.org/10.1097/JSM.
0000000000000274 PMID: 26562453.

PLOS ONE | https://doi.org/10.1371/journal.pone.0226007 December 10, 2019

17 / 19

One-shot sodium hyaluronate vs hylan G-F 20 in knee osteoarthritis

27.

He WW, Kuang MJ, Zhao J, Sun L, Lu B, Wang Y, et al. Efficacy and safety of intraarticular hyaluronic
acid and corticosteroid for knee osteoarthritis: A meta-analysis. Int J Surg. 2017; 39:95–103. https://doi.
org/10.1016/j.ijsu.2017.01.087 PMID: 28137554.

28.

Maheu E, Bannuru RR, 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(4):563–72. https://
doi.org/10.1016/j.semarthrit.2018.06.002 PMID: 30072113.

29.

Balazs EA, Denlinger JL. Viscosupplementation: a new concept in the treatment of osteoarthritis. J
Rheumatol. 1993; 39(Suppl 39):3–9. PMID: 8410881.

30.

Aviad AD, Houpt JB. The molecular weight of therapeutic hyaluronan (sodium hyaluronate): how significant is it? J Rheumatol. 1994; 21(2):297–301. PMID: 8182640.

31.

Altman RD, Manjoo A, Fierlinger A, Niazi F, Nicholls M. The mechanism of action for hyaluronic acid
treatment in the osteoarthritic knee: a systematic review. BMC Musculoskelet Disord. 2015; 16:321.
https://doi.org/10.1186/s12891-015-0775-z PMID: 26503103.

32.

Chevalier X, Jerosch J, Goupille P, van Dijk N, Luyten FP, Scott DL, et al. Single, intra-articular treatment with 6 ml hylan G-F 20 in patients with symptomatic primary osteoarthritis of the knee: a randomised, multicentre, double-blind, placebo controlled trial. Ann Rheum Dis. 2010; 69(1):113–9. https://
doi.org/10.1136/ard.2008.094623 PMID: 19304567.

33.

Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, et al. Development of criteria for the classification and reporting of osteoarthritis. Classification of osteoarthritis of the knee. Arthritis Rheum. 1986;
29(8):1039–49. https://doi.org/10.1002/art.1780290816 PMID: 3741515.

34.

Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann Rheum Dis. 1957; 16
(4):494–502. https://doi.org/10.1136/ard.16.4.494 PMID: 13498604.

35.

Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation study of WOMAC: a health
status instrument for measuring clinically important patient relevant outcomes to antirheumatic drug
therapy in patients with osteoarthritis of the hip or knee. J Rheumatol. 1988; 15(12):1833–40. PMID:
3068365.

36.

Lequesne M, Mery C, Samson M, Gérard P. Indexes of severity for osteoarthritis of the hip and knee.
Validation—Value in comparison with other assessment tests. Scand J Rheumatol. 1987; 65
(Suppl):85–9. https://doi.org/10.3109/03009748709102182 PMID: 3479839.

37.

Pham T, van der Heijde D, Altman RD, Anderson JJ, Bellamy N, Hochberg M, et al. OMERACT-OARSI
initiative: Osteoarthritis Research Society International set of responder criteria for osteoarthritis clinical
trials revisited. Osteoarthritis Cartilage. 2004; 12(5):389–99. https://doi.org/10.1016/j.joca.2004.02.001
PMID: 15094138.

38.

Ehrich EW, Davies GM, Watson DJ, Bolognese JA, Seidenberg BC, Bellamy N. Minimal perceptible
clinical improvement with the Western Ontario and McMaster Universities Osteoarthritis Index questionnaire and global assessments in patients with osteoarthritis. J Rheumatol. 2000; 27(11):2635–41.
PMID: 11093446.

39.

Pavelka K, Uebelhart D. Efficacy evaluation of highly purified intra-articular hyaluronic acid (Sinovial) vs
hylan G-F 20 (Synvisc) in the treatment of symptomatic knee osteoarthritis. A double-blind, controlled,
randomized, parallel-group non-inferiority study. Osteoarthritis Cartilage. 2011; 19(11):1294–300.
https://doi.org/10.1016/j.joca.2011.07.016 PMID: 21875678.

40.

Berenbaum F, Grifka J, Cazzaniga S, D’Amato M, Giacovelli G, Chevalier X, et al. A randomised, double-blind, controlled trial comparing two intra-articular hyaluronic acid preparations differing by their
molecular weight in symptomatic knee osteoarthritis. Ann Rheum Dis. 2012; 71(9):1454–60. https://doi.
org/10.1136/annrheumdis-2011-200972 PMID: 22294639.

41.

Olsen IC, Kvien TK, Uhlig T. Consequences of handling missing data for treatment response in osteoarthritis: a simulation study. Osteoarthritis Cartilage. 2012; 20(8):822–8. https://doi.org/10.1016/j.joca.
2012.03.005 PMID: 22441031

42.

Raman R, Dutta A, Day N, Sharma HK, Shaw CJ, Johnson GV. Efficacy of hylan G-F 20 and sodium
hyaluronate in the treatment of osteoarthritis of the knee: A prospective randomized clinical trial. Knee.
2008; 15(4):318–24. https://doi.org/10.1016/j.knee.2008.02.012 PMID: 18430574.

43.

Xing D, Wang B, Liu Q, Ke Y, Xu Y, Li Z, et al. Intra-articular hyaluronic acid in treating knee osteoarthritis: a PRISMA-compliant systematic review of overlapping meta-analysis. Sci Rep. 2016; 6(32790).
https://doi.org/10.1038/srep32790 PMID: 27616273.

44.

Maheu E, Zaim M, Appelboom T, Jeka S, Trc T, Berenbaum F, et al. Comparative efficacy and safety of
two different molecular weight (MW) hyaluronans F60027 and Hylan G-F 20 in symptomatic osteoarthritis of the knee (KOA). Results of a non inferiority, prospective, randomized, controlled trial. Clin Exp
Rheumatol. 2011; 29(3):527–35. PMID: 21722501.

PLOS ONE | https://doi.org/10.1371/journal.pone.0226007 December 10, 2019

18 / 19

One-shot sodium hyaluronate vs hylan G-F 20 in knee osteoarthritis

45.

Dreiser RL, Avouac B, Bardin T. Efficacy of sodium hyaluronate versus hylan G-F 20 in the treatment of
tibiofemoral osteoarthritis. Ann Rheum Dis. 2012; 71(Suppl 3):584–5.

46.

Bannuru RR, McAlindon TE, Sullivan MC, Wong JB, Kent DM, Schmid CH. Effectiveness and implications of alternative placebo treatments: A systematic review and network meta-analysis of osteoarthritis
trials. Ann Intern Med. 2015; 163(5):365–72. https://doi.org/10.7326/M15-0623 PMID: 26215539.

47.

Desmarais MH. Value of intra-articular injections in osteo-arthritis. Ann Rheum Dis. 1952; 11(4):277–
81. https://doi.org/10.1136/ard.11.4.277 PMID: 13017478

48.

Zhang W, Robertson J, Jones AC, Dieppe PA, Doherty M. The placebo effect and its determinants in
osteoarthritis: meta-analysis of randomised controlled trials. Ann Rheum Dis. 2008; 67(12):1716–23.
https://doi.org/10.1136/ard.2008.092015 PMID: 18541604.

49.

Zhang W, Zou K, Doherty M. Placebos for knee osteoarthritis: Reaffirmation of "Needle is better than
pill". Ann Intern Med. 2015; 163(5):392–3. https://doi.org/10.7326/M15-1580 PMID: 26215902.

50.

Wallace IJ, Worthington S, Felson DT, Jurmain RD, Wren KT, Maijanen H, et al. Knee osteoarthritis has
doubled in prevalence since the mid-20th century. Proc Natl Acad Sci U S A. 2017; 114(35):9332–6.
https://doi.org/10.1073/pnas.1703856114 PMID: 28808025.

51.

Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and revision hip and knee arthroplasty in the United States from 2005 to 2030. J Bone Joint Surg Am. 2007; 89(4):780–5. https://doi.org/
10.2106/JBJS.F.00222 PMID: 17403800.

52.

Otten R, van Roermund PM, Picavet HS. [Trends in the number of knee and hip arthroplasties: considerably more knee and hip prostheses due to osteoarthritis in 2030]. Ned Tijdschr Geneeskd. 2010; 154:
A1534. Dutch. PMID: 20619009.

53.

Mar J, Romero Jurado M, Arrospide A, Enrique Fidalgo A, Soler Lopez B. [Cost-analysis of viscosupplementation treatment with hyaluronic acid in candidate knee replacement patients with osteoarhritis].
Rev Esp Cir Ortop Traumatol. 2013; 57(1):6–14. Spanish. https://doi.org/10.1016/j.recot.2012.08.006
PMID: 23594977.

54.

Altman R, Lim S, Steen RG, 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(12):e0145776. https://doi.org/10.1371/journal.pone.0145776 PMID:
26694145

55.

Altman R, Fredericson M, Bhattacharyya SK, Bisson B, Abbott T, Yadalam S, et al. Association
between hyaluronic acid injections and time-to-total knee replacement surgery. J Knee Surg. 2015; 29
(7):564–70. https://doi.org/10.1055/s-0035-1568992 PMID: 26641076.

56.

Delbarre A, Amor B, Bardoulat I, Tetafort A, Pelletier-Fleury N. Do intra-articular hyaluronic acid injections delay total knee replacement in patients with osteoarthritis—A Cox model analysis. PLoS One.
2017; 12(11):e0187227. https://doi.org/10.1371/journal.pone.0187227 PMID: 29155833.

57.

Shewale AR, Barnes CL, Fischbach LA, Ounpraseuth ST, Painter JT, Martin BC. Comparative effectiveness of intra-articular hyaluronic acid and corticosteroid injections on the time to surgical knee procedures. J Arthroplasty. 2017; 32(12):3591–7 e1-24. https://doi.org/10.1016/j.arth.2017.07.007 PMID:
28781020.

PLOS ONE | https://doi.org/10.1371/journal.pone.0226007 December 10, 2019

19 / 19

