
AbstrAct
background: Treatment of knee osteoarthritis with intra-articular hyaluronic acid (IA-HA) is frequently used in Argentina, with dif-
ferent dosing forms and injection regimens. Our main objective was to provide real world data on the use and efficacy of IA-HA. 
Materials and Methods: In this observational retrospective cohort study, we studied 1227 patients with knee osteoarthritis treated 
with IA-HA 20 mg/2 mL weekly (76%, 20 mg group) and 40 mg/2 mL (24%, 40 mg group) according to standard practice. Follow-up 
was 6 months and efficacy were assessed by the 5-point Likert scale and a response of 50% or more. results: Median number of 
injections was 5 (20 mg) and 3 (40 mg). Both groups had a significant improvement in the Likert scale from baseline to 6 months. 
Median score improved from 4 (mean 3.77 ± 0.69) at baseline to a median of 2 (mean 1.99 ± 0.76) at 6 months (20 mg group, 
p < 0.001) and from a median of 4 (mean 3.65 ± 0.65) to a median of 2 (mean 1.86 ± 0.72) in the 40 mg group, p < 0.001. The 
percentage of patients with a response of 50% or more at 6 months was 61% and 66% respectively. In the multivariate analysis, 
the 50% response rate was associated with a higher baseline score, younger age and shorter duration of disease. Only one patient 
in the 20 mg group (0.1%) experienced a serious treatment-related adverse event (septic arthritis) following injection. conclu-
sions: Our study carried out during routine clinical practice supports the efficacy of IA-HA for the management of knee osteoar-
thritis, with a clinical advantage observed at a 6-month follow-up. 
Key words: Intra-articular; hyaluronic acid; knee; arthrosis; osteoarthritis.
Level of evidence: IV
 
registro de ácido hialurónico intrarticular en el tratamiento de la artrosis de rodilla, en la Argentina

resuMen
Introducción: El ácido hialurónico intrarticular se suele utilizar con diferentes esquemas para tratar la artrosis de rodilla. Nuestro 
objetivo fue analizar la eficacia y el uso del ácido hialurónico intrarticular en la práctica habitual. Materiales y Métodos: Cohorte 
retrospectiva observacional. Se evaluó a 1227 pacientes con artrosis de rodilla tratados con ácido hialurónico intrarticular 20 mg/2 ml/
semana (76%, 20 mg) y 40 mg/2 ml (24%, 40 mg) según la práctica habitual. Seguimiento de 6 meses. Se evaluó la eficacia con 
la escala de Likert de 5 puntos y la proporción de respuesta ≥50%. resultados: La mediana de aplicaciones fue de 5 (20 mg) 
y 3 (40 mg). El puntaje de Likert mejoró significativamente en ambos grupos a los 6 meses. La mediana del puntaje mejoró de 4 
(media 3,77 ± 0,69) al inicio a 2 (media 1,99 ± 0,76) a los 6 meses con 20 mg (p <0,001) y de 4 (media 3,65 ± 0,65) a 2 (media 
1,86 ± 0,72) con 40 mg (p <0,001). La proporción de respuesta ≥50% a los 6 meses fue del 61% y 66%, respectivamente. En 
el análisis multivariado, la tasa de respuesta ≥50% se asoció con un mayor puntaje inicial, edad más joven y menor duración de la 
enfermedad. Solo un paciente con 20 mg (0,1%) tuvo un episodio adverso serio (artritis séptica). conclusión: Nuestro estudio en 
la práctica clínica común respalda la efectividad del ácido hialurónico intrarticular para tratar la artrosis de rodilla, con un beneficio 
clínico a los 6 meses de seguimiento. 
Palabras clave: Intrarticular; ácido hialurónico; rodilla; artrosis; osteoartritis.
nivel de evidencia: IV
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IntroductIon
Osteoarthritis is the most common condition of the synovial joints, with a growing prevalence parallel to the 

aging of the population, which produces significant morbidity rates.1-3 The condition is characterized by focal 
degenerative lesions, cartilage destruction, subchondral sclerosis, formation of large cysts and osteophytes.1-3 Ten 
percent of men and 13% of women aged 60 or more suffer from symptomatic knee osteoarthritis that produces 
pain, deformity, joint enlargement, loss of stability and limited mobility.1-3 Conservative management strategies 
are symptom-based and include nonsteroidal anti-inflammatory drugs (NSAIDs), symptomatic slow-acting drugs 
for osteoarthritis (SYSADOA), physical therapy, and intra-articular injections of corticosteroids or hyaluronic acid 
(HA).1-3 HA is a natural component of synovial fluid that acts as a lubricant during shear stress and as a buffer dur-
ing compression.4,5 At the molecular level, HA decreases the expression of various cytokines, including interleukin 
1ß, and lower the release of matrix metalloproteinases (MMP-1 and MMP-9), with the consequent anti-nociceptive 
and anti-inflammatory effects and a potential disease-modifying activity through preservation and restoration of 
the extracellular matrix.5,6

After intra-articular (IA) administration, HA is rapidly distributed through the synovial membrane. The highest 
levels are found in the synovial fluid and the joint capsule, followed, in decreasing order, by the synovial mem-
brane, the ligaments and the adjacent muscle, where it remains for days and weeks, contributing to a longer effect 
after administration.7

Intra-articular HA (IA-HA) is approved and frequently used in Argentina, the United States, Europe and many 
other countries to treat knee osteoarthritis. In Argentina, HA is prescribed in different dosing and injection regi-
mens, ranging from lower doses (20 mg/2 mL) to higher ones (40 mg/2 mL) on each administration. The fre-
quency of administration of these doses varies and can range from weekly injections of lower doses (20 mg) for 
five weeks to higher doses (40 mg) at more spaced intervals, according to each physician’s standard practice. 
Pharmacological therapy in routine clinical practice settings often differs from the ideal conditions of controlled 
clinical trials. There is a growing interest in carrying out observational studies that reflect the standard clinical 
practice and allow to understand how drugs are being used and what their efficacy is, which has led us to carry 
out the present study.

MaterIals and Methods
study design and population

This is a substudy of the observational registry (non-interventional cohort study) MAX-ARG-13-01 with pa-
tients treated with IA-HA (MaxiOstenil®/Ostenil®, TRB Pharma, Argentina), performed in Argentina in a real 
and regular practice setting in the field of Orthopedics and Rheumatology and funded by TRB Pharma. This reg-
istry included 1402 patients diagnosed with osteoarthritis (of any location) who received IA-HA between January 
2012 and December 2015, with a follow-up visit at six months documented in the medical record. Patients who 
were participating in any experimental study were excluded from the registry. This substudy includes the subgroup 
of 1227 patients with knee osteoarthritis who had a baseline complete evaluation and a documented follow-up six 
months after starting the treatment. Of the 1227 patients with knee osteoarthritis included in the study, 953 (76%) 
were treated with IA-HA at a dose of 20 mg/week, and 274 (24%) of them at a dose of 40 mg at different frequency 
intervals, according to each physician’s standard practice. This registry was based on the collection of secondary 
data obtained by a retrospective analysis of the medical records of approximately 400 Orthopedics and Rheumatol-
ogy specialists from the main cities of Argentina.

study objectives, definitions and treatment
The main objective was to study the differences in the usage pattern (population details, frequency and number 

of injections) of the dose of 20 mg/2 mL (MaxiOstenil®/Ostenil®) compared to the dose of 40 mg/2 mL (Max-
iOstenil Plus®/OstenilPlus®) of IA-HA in a standard clinical practice setting. The secondary objective was to 
analyze the efficacy and the safety of the 20 mg and 40 mg doses of IA-HA after six months of treatment. Efficacy 
was evaluated by the investigators before starting the treatment (baseline) and at six months by means of a 5-point 
Likert scale, with which pain and functional limitation were assessed (scores ranged from 1 = asymptomatic 
to 5 = very serious), and also by the proportion of patients with a response of 50% or more on the Likert scale. 
Patients received IA-HA 20 mg/week (20 mg group) or 40 mg administered at intervals that depended on each 
physician’s standard practice (40 mg group). Safety was assessed through the review of treatment-related adverse 
events recorded in the patients’ medical records.
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ethical considerations
The study (MAX-ARG-13-01) was approved by a central Independent Ethics Committee and was carried out 

according to the Guidelines for Good Pharmacoepidemiology Practice and the local regulations of our country for 
observational clinical research (Resolution 1480/10 of the Argentine Ministry of Health) and in accordance with 
the Declaration of Helsinki.

 
statistical analysis

All continuous variables were summarized by mean and standard deviation, or by median and quartile (Q1-Q3), 
according to distribution. Categorical variables were summarized by number of patients, percentages and 95% 
confidence intervals (95% CI), where applicable. For the comparison of the groups that received 20 mg and 40 mg 
of IA-HA, the appropriate parametric or non-parametric test was used, according to the distribution of the quan-
titative variables and chi-square or Fisher’s exact test (as appropriate) for categorical variables. Predictive factors 
of a response of 50% or more were studied by a logistic regression analysis (generalized linear model, binomial 
family), calculating the odds ratio (OR) if applicable. Statistical significance was considered at p < 0.05.

results
Baseline characteristics and intra-articular administration patterns

Patients of both groups had similar baseline characteristics: older age (69 ± 9 years and 66 ± 11 years, p < 0.001) 
and a shorter duration of the disease (6.4 ± 4.7 and 7.13 ± 4.9 years, p = 0.036) in the 20 mg group compared to 
the 40 mg group. No differences were observed in sex, oral concomitant treatment or previous treatment with IA 
medications (Table 1).

table 1. Baseline patient details

  hyaluronic acid 20 mg 
(n = 953)

hyaluronic acid 40 mg
(n = 274)

p-value

Age (years ± SD) 69 ± 9 66 ± 11 <0.001

Women (N, %)  617 (65%)  162 (59%) NS

Duration of the disease (years ± SD) 6.4 ± 4.7 7.1 ± 4.9 0.036

Concomitant oral medications      

NSAIDs (N, %)  636 (67%)  180 (66%) NS

Glucosamine (N, %)  434 (46%)  119 (43%) NS

Diacerein (N, %)  299 (31%)  86 (31%) NS

Chondroitin (N, %) 182 (19%) 45 (16%) NS

Avocado/soybean unsaponifiables (N, %)  63 (7%) 20 (7%) NS

Previous IA medications      

Corticosteroids  143 (15%) 39 (14%) NS

Hyaluronic acid  65 (7%)  30 (11%) NS

SD: standard deviation; NSAIDs: nonsteroidal anti-inflammatory drugs; NS: non-significant.

As stated in the Registry protocol, all patients treated with 20 mg received weekly injections. Those in the 40 
mg group received injections at different intervals according to each physician’s standard practice: weekly (23%), 
every two weeks (23%), monthly (36%) and other frequency (18%). The total number of injections also differed in 
both groups. Patients treated with 20 mg/week received more injections (5.7 ± 3.1 injections, median: 5, Q1-Q3: 
5-5) than those in the 40 mg group (3.7 ± 2.1 injections; median: 3; Q1-Q3: 3-4) (p < 0.01).
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efficacy and safety evaluation after six months
The investigator evaluated efficacy through changes on the 5-point Likert scale for pain and functional deteriora-

tion before starting treatment (baseline) and six months later. The median Likert scale improved significantly from 
the beginning to six months in both treatment groups: 20 mg (median: 4, mean: 3.77 ± 0.69 and median: 2, mean: 
1.99 ± 0.76, respectively, p < 0.001); 40 mg (median: 4, mean: 3.65 ± 0.65 and median: 2, mean: 1.86 ± 0.72, 
respectively, p < 0.001) (table 2). There was no difference between the two groups in the proportion of patients 
who had an improvement of 50% or more at six months on the symptoms scale. In the 20 mg group, 61% (95% 
CI 58-64) of patients had an improvement of 50% or more on the symptoms scale at six months compared to 66% 
(95% CI 60-71) of patients of the 40 mg group (p = 0.159).

table 2. Likert score of pain and functional limitation after six months of treatment with intra-articular hyaluronic 
acid at a dose of 20 mg and 40 mg

 
hyaluronic acid 20 mg

(n = 953)
hyaluronic acid 40 mg

(n = 274)

Baseline (mean ± SD) 3.77 ± 0.69 3.65 ± 0.65

6 months (mean ± SD) 1.99 ± 0.76 1.86 ± 0.72

p-value <0.001 <0.001

SD: standard deviation.

Patients who achieved an improvement of 50% or more were younger (68 ± 10 years vs. 70 ± 9 years, p < 0.001), 
had a shorter duration of the disease (6 ± 5 years vs. 7 ± 5 years, p < 0.001) and a higher baseline score on the 
Likert scale (median: 4 and 3, p < 0.001) than non-responders. Patients who experienced an improvement of 50% 
or more did not show differences in the frequency of indication of the highest dose (24% and 20%, p = 0.18) and 
in the number of injections of IA-HA (5.2 ± 2.6 and 5.2 ± 3.2 administrations, p = 0.53) in relation to the non-
responder group.

Using logistic regression, we studied the potential association of a response of 50% or more with older age, 
duration of the disease, baseline score on the Likert scale, HA dose received (20 mg or 40 mg) and number of 
injections. The analysis showed that the baseline Likert score (OR: 2.41, 95% CI: 1.98-2.95, p < 0.001) was an 
independent response predictor. We also found weak negative associations, although significant, of a response of 
50% or more and age (OR: 0.96, 95% CI: 0.95-0.98, p < 0.001) and duration of the disease (OR : 0.95; 95% CI: 
0.92-0.97, p < 0.001), with a non-significant trend towards a better response in the group treated with 40 mg (OR: 
1.31, 95% CI: 0.97-1.77, p = 0.07). In the logistic regression, no independent association was found with the num-
ber of IA-HA applications.

The assessment of the general improvement of patients after six months of treatment was also carried out using 
a 5-point Likert scale (ranging from 1 = no improvement to 5 = very good improvement). Overall good or very 
good improvement (4/5 or 5/5 on the Likert scale) was 75% (95% CI: 72-77%) in the 20 mg group and 81% (95% 
CI: 77-86) in 40 mg group.

The most common treatment-related adverse event reported was mild or moderate reactions at the injection site 
(11/953 [1.2%] in the 20 mg group and 1/274 [0.36%] in the other group). The only serious treatment-related ad-
verse event was a case of septic arthritis (1/953 [0.1%]) in the 20 mg group.

dIscussIon
Knee osteoarthritis is an increasingly common condition in our field of work that increases parallel with the 

aging of the population.1-3 The characteristics of our study population were: older age, predominance of women 
and high proportion of concomitant treatment with NSAIDs and SYSADOAs (in both groups, 20 mg and 40 mg), 
which represented the expected population in standard clinical practice. IA-HA is often administered to symptom-
atic patients with moderate disease who do not respond to initial oral treatment.1-3
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The weekly administration of lower doses (20 mg) was the most common (76%) dosing schedule of IA-HA in 
this study, reflecting the standard practice in our country. Efficacy evaluated six months after treatment showed a 
significant improvement in the Likert scale for both groups (20 mg and 40 mg): 61% and 66% of patients, respec-
tively, had an improvement of 50% or more with respect to the beginning of the treatment. Results show a clinically 
relevant effect consistent with the results obtained from randomized controlled trials and several meta-analyses.8-14 
The studies included in the meta-analyses have different follow-up periods (from one day to one year after the last 
injection) and several control arm designs (placebo, IA steroids and nonsteroidal anti-inflammatory drugs). Com-
bined analyses of the effects of HA compared to placebo support the efficacy of HA for treating knee osteoarthritis, 
improving patient’s pain, functional status and overall condition. The benefit was observed in different timepoints, 
but especially at 5-13 weeks of the injection and, to a lesser extent, at 14-26 weeks.8-14

In our study, patients treated with the lowest weekly dose (20 mg) received significantly more injections (me-
dian: 5) than those treated with the highest dose (40 mg) (median: 3, p < 0.001) administered at different intervals 
according to each physician’s standard practice. The baseline Likert score was the most important independent 
response predictor (OR: 2.14), possibly related to a regression to the mean in patients with moderate knee osteo-
arthritis. Younger age and shorter duration of the disease were also independently associated with the response. 
These results correlate with those of other studies that have shown that younger age and moderate disease (Kell-
gren-Lawrence’s grade 2) are good prognostic factors associated with the response to treatment.15,16

The effect of treatment at different doses and types of HA is controversial and a current research topic. In the 
regression analysis, no significant differences were found in the response rate according to the dose (20 or 40 mg): 
only one trend towards a greater benefit was observed in the group treated with the highest dose. There were also 
no differences in the number of IA-HA injections after adjusting for other variables (age, duration of the disease 
and baseline score). The trend towards a greater response in the higher dose group may have clinical significance 
and warrants further prospective controlled trials with a follow-up of three to six months.

Evidence from meta-analyses suggests that there is considerable heterogeneity in the clinical response that may 
be due to the different therapeutic effects of various HA products, dosing schedules, and study designs.17-19 A re-
cent single-dose controlled study showed a greater reduction in pain score as measured by a visual analogue scale 
and an improvement in WOMAC stiffness score at six months with high doses of HA compared to lower doses.20 
However, another randomized controlled study which compared frequent administration (up to three per week) of 
high doses of HA found no difference in WOMAC pain score at six months compared to lower doses.21

These findings are supported by the meta-analysis of Concoff et al.19, who studied the efficacy of multiple HA 
injections by comparing single doses and IA saline. This study showed that two to four and ≥5 injections of HA 
relieved the pain compared to IA saline, whereas a single injection did not. The greatest benefit was achieved with 
the regimen of two to four injections at three months and, to a lesser extent, at six months of follow-up, with no 
subgroup difference in relation to the total dose administered.19

Very few treatment-related adverse events and serious adverse events were reported (all reactions at the injection 
site), most likely due to information bias related to the lack of registration of treatment-related mild adverse events 
on the case report form during the retrospective review of medical records. However, the analysis of HA controlled 
studies has consistently shown that the application of IA-HA is safe and has a low incidence of adverse events and 
serious adverse events (mainly reactions at the injection site), and have concluded that there are no safety concerns 
arising from the treatment with IA-HA for knee osteoarthritis.8-14,19

One limitation of our study is that it is a non-interventional, retrospective, observational cohort study, which has 
multiple biases, such as screening and information, due to the collection of secondary data during standard clinical 
practice and a limited follow-up of six months. There may be a bias in the evaluation of the patients’ response and, 
since it is a retrospective study, the presence of confounding variables that have not been collected in the medical 
record or in the case registration form cannot be ruled out. We have also not been able to rely on a visual analogue 
scale and imaging studies using the Kellgren-Lawrence classification system due to the large number of physicians 
and the lack of systematic documentation of these variables in medicals records during standard practice. How-
ever, and in line with the objective of being able to provide data from local standard practice, the large number of 
patients treated by approximately 400 Orthopedics and Rheumatology specialists in the main cities of Argentina is 
a potential strength that enhances generalization of the results.
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conclusIons
Despite the inherent biases of retrospective studies, we believe that our study adds external evidence from stan-

dard clinical practice to the previously published evidence that supports the use of IA-AH in the stepwise approach 
to managing knee osteoarthritis. IA-HA provides a sustained benefit that lasts six months after a short course of 
3-5 weekly injections and correlates with recent clinical practice guidelines.22

acknowledgments
We would like to thank the researchers of the MAX-ARG-13-01 study and also Raúl Bozzo, MD, of IC-Projects, 

who assisted in the writing and the statistical review of this paper.

L. Tacus ORCID iD: http://orcid.org/0000-0001-8149-4097
P. Kobrinsky ORCID iD: https://orcid.org/0000-0001-8577-7131
D. Vaineras ORCID iD: http://orcid.org/0000-0003-2741-3756

––––––––––––––––––
Conflicts of interests: Authors have received fees as speakers on events, symposia and workshops organized by TRB Pharma SA in Argentina.
Funding: This study was funded by a research grant from TRB Pharma SA in Argentina.

references

  1. Hussain SM, Neilly DW, Baliga S, Patil S, Meek R. Knee osteoarthritis: a review of management options. Scott Med 
J 2016;61(1):7-16. https://doi.org/10.1177/0036933015619588

  2. Lespasio MJ, Piuzzi NS, Husni ME, Muschler GF, Guarino A, Mont MA. Knee osteoarthritis: A primer. Perm J 
2017;21:16-183. https://doi.org/10.7812/TPP/16-183

  3. Zhang Y, Jordan JM. Epidemiology of osteoarthritis. Clin Geriatr Med 2010;26(3):355-69. https://doi.org/10.1016/j.
cger.2010.03.001

  4. 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

  5. Nicholls MA, Fierlinger A, Niazi F, Bahndari M. The disease-modifying effects of hyaluronan in the osteoarthritic 
disease state. Clin Med Insights Arthritis Musculoskelet Disord 2017;10:1179544117723611. https://doi.
org/10.1177/1179544117723611 

  6. Hiramitsu T, Yasuda T, Ito H, Shimizu M, Julovi SM, Kakinuma T, et al. Intercellular adhesion molecule-1 mediates 
the inhibitory effects of hyaluronan on interleukin-1beta-induced matrix metalloproteinase production in rheumatoid 
synovial fibroblasts via down-regulation of NF-kappaB and p38. Rheumatology (Oxford) 2006;45(7):824-32. https://
doi.org/10.1093/rheumatology/kel026

  7. Lindqvist U, Tolmachev V, Kairemo K, Aström G, Jonsson E, Lundqvist H. Elimination of stabilised hyaluronan 
from the knee joint in healthy men. Clin Pharmacokinet 2002;41(8):603-13. https://doi.org/10.2165/00003088-
200241080-00004

  8. 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

  9. 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;157:180-91. https://doi.org/10.7326/0003-4819-
157-3-201208070-00473

10. 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



128

M. berenstein et al.

  Rev Asoc Argent Ortop Traumatol 2019; 84 (2): 122-128 • ISSN 1852-7434 (online)

11. Lo GH, LaValley M, McAlindon T, Felson DT. Intra-articular hyaluronic acid in treatment of knee osteoarthritis: a 
meta-analysis. JAMA 2003;290(23):3115-21. https://doi.org/10.1001/jama.290.23.3115

12. Wang CT, Lin J, Chang CJ, Lin YT, Hou SM. Therapeutic effects of hyaluronic acid on osteoarthritis of the 
knee. A meta-analysis of randomized controlled trials. J Bone Joint Surg Am 2004;86(3):538-45. https://
jbjs.org/reader.php?source=The_Journal_of_Bone_and_Joint_Surgery/86/3/538/abstract&id=22907&rsuite_
id=905298&native=1#info

13. Arrich J, Piribauer F, Mad P, Schmid D, Klaushofer K, Mullner M. Intra-articular hyaluronic acid for the treatment 
of osteoarthritis of the knee: systematic review and meta-analysis. CMAJ 2005;172(8):1039-43. https://doi.
org/10.1503/cmaj.1041203

14. Bellamy N, Campbell J, Robinson V, Gee T, Bourne R, Wells G. Viscosupplementation for the treatment of 
osteoarthritis of the knee. Cochrane Database Syst Rev 2006;2:CD005321. https://doi.org/10.1002/14651858.
CD005321.pub2

15. Altman RD, Farrokhyar F, Fierlinger A, Niazi F, Rosen J. Analysis for prognostic factors from a database for the 
intra-articular hyaluronic acid (Euflexxa) treatment for osteoarthritis of the knee. Cartilage 2016;7(3):229-37. 
https://doi.org/10.1177/1947603515620890

16. Bowman EN, Ahllock JD, Throckmorton TW, Azar FM. Hyaluronic acid injections for osteoarthritis of the knee: 
predictors of successful treatment. Int Orthop 2018;42(4):733-40. https://doi.org/10.1007/s00264-017-3731-8

17. Altman RD, Bedi A, Karlsson J, Sancheti P, Schemitsch E. Product differences in intra-articular hyaluronic acid for 
osteoarthritis of the knee. Am J Sports Med 2016;44(8):2158-65. https://doi.org/10.1177/0363546515609599

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

19. Concoff A, Sancheti P, Niazi F, Sahw P, Rosen J. The efficacy of multiple versus single hyaluronic acid injections: 
a systematic review and meta-analysis. BMC Musculoskelet Disord 2017;18(1):542. https://doi.org/10.1186/s12891-
017-1897-2

20. Sun SF, Hsu CW, Lin HS, Liou IH, Chen YH, Hung CL. Comparison of single intra-articular injection of novel 
hyaluronan (HYA-JOINT Plus) with Synvisc-One for knee osteoarthritis: a randomized, controlled, double-blind 
trial of efficacy and safety. J Bone Joint Surg Am 2017;99(6):462-71. https://doi.org/10.2106/JBJS.16.00469

21. Conrozier T, Eymard F, Afif N, Balblanc JC, Legré-Boyer V, Chevalier X; Happyvisc Study Group. Safety and 
efficacy of intra-articular injections of a combination of hyaluronic acid and mannitol (AHnOX-M) in patients 
with symptomatic knee osteoarthritis: results of a double-blind, controlled, multicenter, randomized trial. Knee 
2016;23(5):842-8. https://doi.org/10.1016/j.knee.2016.05.015

22. Bruyère O, Cooper C, Pelletier JP, Maheu E, Rannou F, Branco J, et al. A consensus statement on the European 
Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis (ESCEO) algorithm for the 
management of knee osteoarthritis-From evidence-based medicine to the real-life setting. Semin Arthritis Rheum 
2016;45(4 Suppl):S3-11. https://doi.org/10.1016/j.semarthrit.2015.11.010


