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ABSTRACT

INTRODUCTION: This study aims to describe the perceptions of orthopedic surgeons on the efficacy of intra-articular hyaluronic acid (IA-HA), the
influence of IA-HA product characteristics on its efficacy, and to identify patterns and factors related to the use of IA-HA. Additionally, this study examines
factors that influence IA-HA brand selection, focusing on Euflexxa® (1% sodium hyaluronate).

METHODS: We developed survey questions by reviewing the current literature and consulting with experts on the use of IA-HA in the management of
knee osteoarthritis (OA). The survey included questions on demographics, previous experience with knee OA treatment, opinions on different treatment
methods, and where information regarding treatments is obtained. Additionally, questions specific to opinions regarding IA-HA and the reasoning behind
these opinions were asked.

RESULTS: A total of 117 orthopedic surgeons and physicians completed the survey. IA-HA is most frequently prescribed to patients with early-stage (82%)
or mid-stage (82.8%) OA, while fewer orthopedic surgeons and physicians use IA-HA for patients with late-stage OA (57.4%). Respondents were generally
uncertain of the effects that intrinsic characteristics, such as molecular weight, cross-linking, and production process, had on patient outcomes. Respondents
typically use their own clinical experience and results as a deciding factor in utilizing IA-HA treatment, as well as in choosing an IA-HA brand.
CONCLUSION: Uncertainty regarding the efficacy of IA-HA treatments is likely due to inconsistency within clinical guidelines and the current litera-
ture. Additional research investigating the efficacy of IA-HA treatment and how product characteristics affect outcome and safety is required to provide

clarity to the controversy surrounding IA-HA treatment for knee OA.
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Introduction
As one of the leading causes of pain and disability in the
Western countries, osteoarthritis (OA) has a significant impact
on the quality of life for patients suffering from the disease,
as well as a substantial direct and indirect financial burden
to society."? A number of options for the treatment of OA
in the knee are available, including conservative treatments
(eg, medications and physiotherapy) and surgical management
(eg, joint replacement).3

Intra-articular hyaluronic acid (IA-HA) injections are
used to treat OA-related symptoms in patients who are not
ready to proceed with surgical intervention. Many clinical

trials have been conducted evaluating the efficacy of IA-HA
in the management of knee OA. These studies have reported
conflicting results, and there is variability in methodological
quality among them.*” Consequently, several professional
organizations have prepared clinical practice guidelines that
have also provided conflicting recommendations with respect
to the use of IA-HA injections.}™>8-1

Research on IA-HA treatments has not provided clear
answers on the impact of the different characteristics of the
IA-HA treatment (eg, production process and molecular
weight) on patient outcomes.!>!® While IA-HA can be pro-
duced through the extraction of avian-derived molecules
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(AD-HA) or through a biological process of microbial fermen-
tation (Bio-HA), studies have failed to show the impact that
production process has with respect to outcome measures.'
Studies examining differences in the molecular weight and
cross-linking of IA-HA products have shown inconsistencies
as well, as some studies show benefit of high-molecular-weight
products while others find no conclusive difference in efficacy
attributed to molecular weight or cross-linking.16-%

While the current literature provides conflicting results
regarding IA-HA, itis not known how this information affects
surgeon’s perceptions or the use of IA-HA treatments. This
study aims to describe the current perceptions of orthopedic
surgeons on the efficacy of IA-HA and the influence of IA-HA
product characteristics on its efficacy, as well as to identify
patterns and factors related to the use of IA-HA. Addition-
ally, this study examines factors that influence IA-HA brand
selection, focusing on Euflexxa (1% sodium hyaluronate). This
study was conducted under IRB approval. 'This research com-
plied with the principles of the Declaration of Helsinki.

Methods

Survey development. A survey was used to obtain sur-
geon perceptions on IA-HA treatment in knee OA and spe-
cifically Euflexxa. We developed the survey questions by
reviewing the current literature and consulting with experts
on the use of IA-HA treatments in their management of knee
OA. 'The survey was reviewed by five additional experts who
were either orthopedic surgeons or research methodologists
to ensure that no vital information was missed and that the
wording of the questions was clear and precise.

Surveydescription. A total of 43 questions were included
in the survey, comprising Likert scale questions, checkboxes,
and brief open-ended questions. All the questions were
straight forward and used clear and widely recognized termi-
nology to enhance the validity of results. The survey length
was kept to a minimum to maximize response rate and limit
barriers that would adversely affect its proper completion. The
survey included questions about demographics, previous expe-
rience with knee OA treatment methods, opinions of different
treatment methods available, and where information regard-
ing treatments is obtained. Additionally, the survey included
questions specific to opinions regarding IA-HA and the rea-
soning behind these opinions.

Pretesting and validity assessments. The survey was
pretested by having five orthopedic surgeons with experience
in clinical research and the treatment of knee OA by evalu-
ating the following: (1) Did the questionnaire, as a whole,
appear to adequately address the question (face validity)? and
(2) Did the individual questions adequately address the objec-
tives of the current study (content validity)? The orthopedic
surgeons who assisted with the pretesting were all practicing
surgeons from different clinical centers in North America.
They all had a strong understanding of research methodology

and prior experience with survey design. The questions of the

Table 1. Characteristics of the participants.

CHARACTERISTIC

NUMBER OF RESPONSES

N (%)
N=117
Gender
Male 107 (91.5%)
Female 8 (6.8%)
No response 2(1.7%)

Age (Years)

30-40 29 (24.8%)

41-50 34 (29.1%)

51-60 34 (29.1%)

>60 20 (17.1%)
Location

USA 61 (52.1%)

Canada 32 (27.4%)

No response 24 (20.5%)

Type of practice

Academic teaching hospital 55 (47.0%)
37 (31.6%)

17 (14.5%)

Private practice

Community hospital

Large group practice 7 (6.0%)
No response 1(0.9%)
Supervise residents
Yes 83 (70.9%)
No 33 (28.2%)
No response 1(0.9%)
Specialty
Orthopaedic surgeon 102 (87.2%)
Rheumatologist 8 (6.8%)
Sports medicine 5 (4.3%)
Physiatrist 1(0.9%)
No response 1(0.9%)

Experience in treating knee OA

<10 years 34 (29.1%)

>10 years 79 (67.5%)

No response 4(3.4%)

Number of knee OA patients treated in the past year:

1-25 10 (8.5%)
26-50 5 (4.3%)

51-100 17 (14.5%)
101-200 28 (23.9%)

>200 57 (48.7%)

Proportion of treated patients with Early-stage OA
(Kellgren-Lawrence (K-L) Grade I to Il):

0-20% 44 (37.6%)
21-40% 50 (42.7%)
41-60% 17 (14.5%)
61-80% 3(2.6%)

(Continued)
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Table 1. (Continued)

CHARACTERISTIC

NUMBER OF RESPONSES

N (%)

N=117
81-100% 0 (0.0%)
Unsure 1 (0.9%)
No response 2(1.7%)

Proportion of treated patients with Mid-stage OA
(K-L grade IlI):

0-20% 12 (10.3%)
21-40% 68 (58.1%)
41-60% 32 (27.4%)
61-80% 4 (3.4%)
81-100% 0 (0.0%)
Unsure 1(0.9%)

Proportion of treated patients with Late-stage OA
(K-L grade 1V)

0-20% 34 (29.1%)
21-40% 43 (36.7%)
41-60% 23 (19.7%)
61-80% 12 (10.3%)
81-100% 2 (1.7%)
Unsure 1(0.9%)
No response 2(1.7%)

survey were then revised based on the recommendations of
their independent review.

Survey administration. The revised survey was dis-
tributed by email to orthopedic surgeons and physicians
throughout North America. The mailing list was created by
using “HealthLink Dimensions” (http:/www.healthlinkdi-
mensions.com/). The survey was distributed to 2947 individu-
als at clinical sites across North America. At two, four, and
six weeks following the initial email, the survey invitation was

sent again to all nonresponders. Individual responses were
anonymous and confidential, and questionnaire completion
was voluntary.

Statistical analysis. A research associate processed all
survey response data in aggregate and developed summary
tables of the results. We summarized all categorical and dichot-
omous variables with frequencies and percentages. All analyses
were conducted using the JMP statistical software, Version 11.

Results

Characteristics of the respondents. A total of 117
orthopedic surgeons and physicians from clinical sites across
North America completed the survey. The number of responses
for each survey item varied, as it was possible for respondents to
skip questions. The 117 respondents included 61 (52.1%) prac-
titioners from the United States and 32 (27.4%) from Canada,
while 24 (20.5%) did not provide the location in which they
reside. Participating clinicians were primarily orthopedic sur-
geons (87.2%), as well as eight rheumatologists (6.8%) and
five sports medicine physicians (4.3%). The majority of the
respondents (67.5%) had over 10 years of experience in treating
patients with knee OA. A total of 48.7% reported treating over
200 patients with knee OA over the previous 12 months, while
23.9% treated between 100 and 200 patients and 27.3% treated
between 1 and 100 patients with knee OA (Table 1).

Use of IA-HA. A total of 85.2% of respondents use
IA-HA as a treatment at least once a year. IA-HA is most
frequently prescribed to patients with early stage (82%) or
mid-stage (82.8%) OA, while fewer orthopedic surgeons and
physicians use IA-HA for patients with late-stage OA (57.4%;
Fig. 1). The majority of respondents (83%) believe they have
had at least some perceived success when using IA-HA for
patients with early stage OA, while 72.1% and 39% of respon-
dents felt they had at least some success using IA-HA for mid-
and late-stage OA, respectively (Fig. 2). When considering the
injection regimen, the majority (60.8%) of respondents prefer
a one-shot regimen. Despite the high use of IA-HA, 90.6%
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Figure 1. Proportion of patients at different stages of OA treated with IA-HA per year.
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Figure 2. Perceived success of IA-HA treatment for different stages of knee OA.

of respondents believe there is some controversy regarding the
efficacy of IA-HA as a treatment option for knee OA.

Perceived influence of product characteristics. When
asked if molecular weight of an HA product affects the suc-
cess of the treatment in terms of outcome measures and safety,
41.9% believed that molecular weight does have some effect,
while 15.4% felt molecular weight does not have impact on
product efficacy and 29.1% were unsure of the role that molecu-
lar weight has on outcome measures and safety (Table 2). With
respect to chain length and cross-linking, 43.6% of respondents
were unsure of its effect on outcome measures and safety, while
27.4% believe that chain length and cross-linking do effect out-
come and safety and 17.1% do not believe that these factors have
any influence. When asked if the process in which an IA-HA
treatment is produced (Bio-HA vs. AD-HA) has an effect on
outcome measures and safety, 34.2% were unsure, 24.8% did
not believe the production process has any effect, 23.9% believe
Bio-HA provides better outcomes and safety, and 2.6% believe
AD-HA provides better outcomes and safety. The majority of
respondents (53.8%) do not consider anti-inflammatory effects
when selecting an IA-HA treatment brand.

Factors influencing the use of IA-HA and brand
selection. Factors that commonly influence respondents’
decisions to prescribe IA-HA include personal experience and
clinical results (71.8%), that the patient is unsuitable or unwill-
ing to undergo surgical intervention (52.1%), and sufficient
evidence that supports the use of IA-HA (43.6%; Table 3).
The brands of IA-HA that respondents (>50%) were most
familiar with included Synvisc (96.0%), Hyalgan (72.0%),
Orthovisc (66.0%), Supartz (58.0%), Euflexxa (56.0%), Mono-
visc (39.0%), Durolane (37.0%), and Gel-One (24.0%; Fig. 3).
The most commonly used brands were Synvisc (78.5%) and
Euflexxa (30.1%). Brand selection was subjectively attributed
by respondents to personal experience (48.7%), sufficient sci-
entific evidence (40.2%), and cost (40.2%).

Use patterns and driving factors behind the use of
Euflexxa. Of the responding clinicians, 65.7% have previously

heard of the IA-HA brand Euflexxa and 42.1% of respondents
have prescribed Euflexxa to patients. Those who prescribed
Euflexxa indicated personal experience and clinical outcomes
(46.5%), fewer serious joint effusions (32.6%), and the overall cost
of Euflexxa (30.2%) as the reasons for using it (Table 4). Of those

Table 2. Perceived effect of product characteristics on outcome
measures and safety.

PRODUCT CHARACTERISTIC NUMBER OF RESPONSES

N (%)
N=117

Molecular weight

Does affect outcome and safety 49 (41.9%)
34 (29.1%)
Does not affect outcome and safety 18 (15.4%)

16 (13.7%)

Unsure

No response

Chain length and cross-linking

Unsure 51 (43.6%)
32 (27.4%)
Does not affect outcome and safety 20 (17.1%)

14 (12.0%)

Does affect outcome and safety

No response

Production process

Unsure 40 (34.2%)
Does not affect outcome and safety 29 (24.8%)

28 (23.9%)

Biologically produced has better
outcome and safety

Avian-derived has better outcome
and safety

3 (2.6%)

No response 17 (14.5%)

Anti-inflammatory effects

Do not consider anti-inflammatory
effects

63 (53.8%)

Consider anti-inflammatory effects 24 (20.5%)

Unsure 14 (12.0%)

No response 16 (13.7%)
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Table 3. Factors influencing the use of IA-HA and brand selection.

NUMBER OF
RESPONSES*

N (%)
N=117

Factors influencing the use of IA-HA

surgeons who have not prescribed Euflexxa, a lack of knowledge
of Ferring Pharmaceuticals Inc., the manufacturers of Euflexxa
(30.6%), and a lack of sufficient evidence that supports the use of
Euflexxa (22.6%) were the reasons for not using it.

When respondents were asked how Euflexxa compares to
other IA-HA products, 33.3% believe it is equal to or superior

Personal experience and clinical results 84 (71.8%)

to other IA-HA products with respect to efficacy and safety.

Patient not suitable/unwilling to undergo
operative intervention

61 (52.1%)

In order to demonstrate the superiority of Euflexxa to other
treatment methods, respondents stated that they would like

Sufficient evidence that supports decision to
use IA-HA

51 (43.6%)

to see a trial directly comparing Euflexxa to other IA-HA

Failed previous treatments 49 (41.9%)

brands (52.8%), specifically Synvisc (66.2%), and to corticos-
teroid injections (21.3%).

Age of patient 38 (32.5%)

Guideline recommendations provided by
organizations

32 (27.4%)

Discussion

A viable mechanism of action presented in 31 (26.5%)

the literature

The current study found that controversy and uncertainties
continue to exist among clinicians regarding the efficacy of

Overall cost of treatment 30 (25.6%)

IA-HA as a treatment for knee OA. The vast majority of

Inclusion of ha treatments in the formulary 12 (10.3%)

respondents (90.6%) to the survey indicated that there is con-

troversy regarding the efficacy of IA-HA treatment. Conflict-

ing information from various sources, including professional

No responseldo not use IA-HA 15 (12.8%)
Factors influencing ia-ha brand selection
Personal experience and clinical outcomes 57 (48.7%)

society treatment guidelines, also contributes to the uncer-

Sufficient evidence that supports your chosen 47 (40.2%)

brand

tainty that surgeons and physicians are experiencing on the
topic. Recent AAOS recommendations, which 91.6% of

Overall cost of treatment 47 (40.2%)

respondents are aware of, stated they cannot recommend the

Injection regimen of your preferred brand 46 (40.2%)

use of IA-HA for symptomatic OA of the knee due to a lack

Molecular weight of the hyaluronic acid product 38 (32.5%)

of demonstrated efficacy.® However, recent reviews have pro-

Product method used to create product
(Bio-HA vs AD-HA)

25 (21.4%)

posed that these recommendations may have substantial meth-
odological flaws that lead to potentially inaccurate suggestions

Reputation of company 25 (21.4%)

on the efficacy of IA-HA as a treatment for knee OA 3420

Cross-linking of product 23 (19.7%)

The recommendation against the use of IA-HA by the AAOS

Guideline recommendations provided by 14 (12.0%)

organizations

may also increase the perception of controversy due to the sub-
stantial body of literature showing positive effects of the use

The information for brands in the formulary 7 (6.0%) of IA-HA as a treatment for knee OA.??” The inconsistency
No responseldo not use IA-HA 24 (20.5%) between clinical guidelines and published research may have a
Note: “Multiple response options were permitted. large impact on the ability to prescribe appropriate treatments
to patients, as guidelines have at least some influence on many
120
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Figure 3. IA-HA product awareness and use.
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Table 4. Reasons for prescribing Euflexxa.

NUMBER OF

RESPONSES*
N (%)

Reasons for prescribing Euflexxa

Personal experience and clinical results 20 (46.5%)
Fewer serious joint effusions when using Euflexxa 14 (32.6%)
13 (30.2%)
12 (27.9%)

12 (27.9%)

Overall cost of treatment

Sufficient evidence that supports Euflexxa

Formulary information regarding Euflexxa

Guideline recommendations provided by 6 (14.0%)
organizations
Failed previous treatments 5 (11.6%)

Belief that Euflexxa is superior to other HA brands 3 (7.0%)
Reasons for not prescribing Euflexxa

Lack of knowledge of Ferring Inc, makers of
Euflexxa

19 (30.6%)

Not applicable, | prescribe Euflexxa 14 (22.6%)
Lack of sufficient evidence that supports Euflexxa 14 (22.6%)
12 (19.4%)

11 (17.7%)

Personal experience and clinical results

Overall cost of treatment

Guideline recommendations provided by 5 (8.1%)
organizations
Belief that there is a superior HA brand than 5(8.1%)

Euflexxa

Advantages of Euflexxa over 1-shot treatments

Unsure 65 (55.6%)
14 (12.0%)

Less irritation/adverse reactions at injection site 14 (12.0%)

Fewer number of serious joint effusions

Greater effect size regarding primary outcome 8 (6.8%)
Less acetaminophen use during follow-up 5 (4.3%)
No response 11 (9.4%)

Note: *Multiple response options were permitted.

surgeons’ opinions regarding treatments (49.6%) and on their
decision-making when treating patients (55%).

We also found that substantial controversy exists regard-
ing the effect of different product characteristics on outcome
measures and safety. Studies investigating how product char-
acteristics affect outcomes and safety have been conducted;
however, the small number of these studies and their conflict-
ing results may lead to clinician’s uncertainty regarding the
effects of molecular weight, chain length, cross-linking, pro-
duction process, and anti-inflammatory properties.}>171%:28-42
Research studies examining differences between Bio-HA
and AD-HA have generally shown that Bio-HA products
have better safety profiles with respect to fewer injection site
adverse events, although very few studies have been conducted
in this area.’>*"*? The anti-inflammatory effects of IA-HA
have been previously demonstrated; however, this factor is
largely overlooked by surgeons when selecting IA-HA as a
treatment modality.?83! Additional high-quality studies may
help to dispel uncertainty among clinicians regarding product

characteristics by building an understanding of their effects on
patient outcomes and safety.

'The majority of respondents have used IA-HA to treat
patients with knee OA and are aware of the products available.
Synvisc and Euflexxa are the most commonly used IA-HA
brands by survey participants. Respondents’ opinions regard-
ing Euflexxa remain uncertain, and the respondents would
like to see a randomized controlled trial demonstrating the
efficacy of Euflexxa, although this was shown in a clinical trial
and extension trial published by Altman et al.%* Addition-
ally, respondents would like to see a trial comparing Euflexxa
directly to Synvisc. Although a study published by Kirchner
and Marshall demonstrates similar efficacy and fewer injection
site adverse events for Euflexxa when compared to Synvisc, it
appears to have been largely overlooked. The findings of these
studies may need to be disseminated to the orthopedic com-
munity to a greater extent, as this discrepancy suggests a gap in
clinician’s knowledge of these studies that are available in the
published literature.

To our knowledge, this is the first paper addressing clini-
cian’s perceptions regarding the use of IA-HA for the treatment
of knee OA. The limitations of this study include that the major-
ity of clinicians (87.2%) were orthopedic surgeons, which may
affect generalizability across different professions, and 79.5% of
surveyed practitioners were from North America, which may
affect generalizability outside of Canada and the United States.
Additionally, the small response rate by clinicians to the sur-
vey may indicate that only surgeons with an interest in IA-HA
participated in the survey, which creates another potential
limitation to the present study. Additionally, the inclusion of
brand-specific information for Euflexxa provides useful infor-
mation regarding opinions on product-specific characteristics;
however, these results are not generalizable to other IA-HA
products. The study population was comprised of nearly 30%
of individuals who treated fewer than 100 OA patients a year,
as well as nearly 30% of individuals with <10 years of experi-
ence in treating OA. This may provide results from individuals
with limited experience in treating OA; however, we aimed to
include the opinions of the orthopedic community as a whole
and thus did not solely focus on individuals with a large amount
of experience in treating knee OA.

In conclusion, uncertainty and controversy regarding the
efficacy of IA-HA treatments are likely due to inconsistency
within clinical guidelines and the current literature. Addi-
tional research to investigate the efficacy of IA-HA treatment
and how product characteristics affect outcome and safety is
required in order to provide clarity to the controversy sur-
rounding IA-HA treatment for knee OA.
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