Arthritis & Rheumatism (Arthritis Care & Research)
Vol. 57, No. 8, December 15, 2007, pp 1410-1418
DOI 10.1002/art.23103

© 2007, American College of Rheumatology

Hylan Versus Hyaluronic Acid for Osteoarthritis
of the Knee: A Systematic Review and
Meta-Analysis

STEPHAN REICHENBACH,' SACHA BLANK,? ANNE W. S. RUTJES,?® AIJING SHANG,?
ELIZABETH A. KING,* PAUL A. DIEPPE,* PETER JUNI,' ano SVEN TRELLE?

Objective. To compare the effectiveness and safety of intraarticular high-molecular hylan with standard preparations of
hyaluronic acids in osteoarthritis of the knee.

Methods. We performed a systematic review and meta-analysis of randomized controlled trials comparing hylan with a
hyaluronic acid in patients with knee osteoarthritis. Trials were identified by systematic searches of Central, Medline,
EMBase, Cinahl, the Food and Drug Administration, and Science Citation Index supplemented by hand searches of
conference proceedings and reference lists (last update November 2006). Literature screening and data extraction were
performed in duplicate. Effect sizes were calculated from differences in means of pain-related outcomes between
treatment and control groups at the end of the trial, divided by the pooled standard deviation. Trials were combined using
random-effects meta-analysis.

Results. Thirteen trials with a pooled total of 2,085 patients contributed to the meta-analysis. The pooled effect size was
—0.27 (95% confidence interval [95% CI] —0.55, 0.01), favoring hylan, but between-trial heterogeneity was high (I =
88%). Trials with blinded patients, adequate concealment of allocation, and an intent-to-treat analysis had pooled effect
sizes near null. The meta-analyses on safety revealed an increased risk associated with hylan for any local adverse events
(relative risk [RR] 1.91; 95% CI 1.04, 3.49; I?> = 28%) and for flares (RR 2.04; 95% CI 1.18, 3.53; I?> = 0%).

Conclusion. Given the likely lack of a superior effectiveness of hylan over hyaluronic acids and the increased risk of
local adverse events associated with hylan, we discourage the use of intraarticular hylan in patients with knee

osteoarthritis in clinical research or practice.
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INTRODUCTION

Injected hyaluronic acid is cleared from the osteoarthritic
joint in less than a day (1). To increase average molecular
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weight and half-life in the joint, hyaluronic acids have
been modified to form hylan, chemically crosslinked hy-
aluronic acid molecules with average molecular weights
up to 23 X 10° daltons, and resulting half-lives of 1.5-9
days (2). It has been suggested that higher viscosity and
longer intraarticular half-life of hylan lead to better effec-
tiveness (3,4). However, several authors have also reported
local adverse reactions (hot, painful, swollen knee) typi-
cally occurring 24—72 hours after injection of hylan (5-8).

Six systematic reviews and meta-analyses (9—14) have
been published on the effectiveness and safety of visco-
supplementation. All of these studies compared hyal-
uronic acid and hylan with a sham intervention, but only
one study (13) included trials comparing hylan with hyal-
uronic acids directly. Wang et al (11) and Lo et al (9) found
indirect evidence that hylan might be more effective than
hyaluronic acids, but heterogeneity of the studies limited
conclusions. The most recent review (13), which also in-
cluded direct comparisons of hylan and hyaluronic acids,
did not pool results of included trials but concluded that
effectiveness might differ between different preparations.
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The safety of hylan compared with conventional hyal-
uronic acids was rarely addressed. Two of the reviews
indicated that intraarticular hyaluronic acid was associ-
ated with few adverse events, but sample sizes of included
trials precluded any definitive conclusions (11,13). Only
the review by Wang et al (11) acknowledged that
crosslinked hylan might be associated with acute painful
local reactions.

We performed a systematic review and meta-analysis of
randomized controlled trials comparing hylan with stan-
dard hyaluronic acids to determine whether they differ in
their effectiveness and safety. Previous claims that hylan
has greater benefits compared with conventional prepara-
tions of hyaluronic acids were mainly based on implicit
indirect comparisons from placebo-controlled trials. For
example, Lo et al found a pooled effect size of —0.19 in
trials comparing standard hyaluronic acids with placebo
and a pooled effect size of —1.1 in trials comparing hylan
with placebo (9). They concluded that hylan may be more
efficacious in treating knee osteoarthritis compared with
standard hyaluronic acids. We therefore performed an ad-
ditional formal indirect comparison using results from
trials included in previous meta-analyses that had com-
pared hylan or hyaluronic acid with a sham intervention.

MATERIALS AND METHODS

Literature search. We searched the Cochrane Con-
trolled Trials Register (Central), Medline, EMBase, and
Cinahl from inception to November 2006 using truncated
variations of preparation names including brand names
combined with truncated variations of terms related to
osteoarthritis all as text word. No methodologic filter for
controlled clinical trials was applied (the exact search
strategy is available from the authors). We entered relevant
articles into Science Citation Index to retrieve reports that
have cited these articles, manually searched conference
proceedings and textbooks, screened reference lists of all
obtained articles, and checked the proceedings of the US
Food and Drug Administration advisory panel related to
relevant approval applications. Finally, we asked authors
and content experts for relevant references, and contacted
manufacturers known to have conducted trials on visco-
supplementation.

Trial selection. We included randomized or quasi-ran-
domized controlled trials comparing intraarticular injec-
tions of hyaluronic acid with hylan in patients with osteo-
arthritis of the knee. Two reviewers (SR and EAK)
independently evaluated reports for eligibility. Disagree-
ments were resolved by consensus.

Quality assessment. Two of 4 reviewers (SR, SB, EAK,
or AWSR) independently assessed concealment of treat-
ment allocation, blinding, and analyses (15). Concealment
of allocation was considered adequate if the investigators
responsible for patient selection were unable to determine
prior to allocation which treatment was next in line (cen-
tral randomization; sealed, opaque, sequentially num-

bered assignment envelopes; coded drug packs, etc.). Pa-
tient blinding was considered adequate if patients were
stated to be blind to the assigned treatment. Therapist
blinding was considered adequate if preparations were
explicitly described as indistinguishable or a double-
dummy technique was used. The number of patients ran-
domized per group and the number of patients analyzed
per group were extracted to allow distinction between
trials that had included all randomized patients in the
analysis (considered as intent-to-treat analysis and there-
fore adequate) and trials that had not. Disagreements were
resolved by consensus.

Outcome measures. The prespecified primary outcome
of our meta-analysis was pain as currently recommended
for osteoarthritis trials (16,17). If pain was assessed at more
than 1 time point, we extracted the measurement at the
end of the trial or at a maximum of 6 months after the last
injection, whichever came first. If an article provided data
on more than 1 pain scale, we extracted the outcome that
was highest on a previously described hierarchy of pain-
related outcomes (18). In this hierarchy, global pain takes
precedence over pain on walking, the Western Ontario and
McMaster Universities Osteoarthritis Index pain subscore,
other measures of pain, function, and global treatment
assessment. Secondary outcomes were the occurrence of
flares (defined as a hot, painful, swollen knee typically
within 24-72 hours after injection), effusions (defined as
excessive joint fluid inside the treated knee occurring after
an injection, typically diagnosed by clinical examination,
ultrasound, or arthrocentesis), and any local adverse event
(any definition as specified by the authors of individual
trials).

Data collection. Data on publication status, trial design,
patient characteristics, treatment regimens, pain, local ad-
verse events, effusions, flares, quality assessment, and
funding were extracted in duplicate (by SR, SB, EAK, or
AWSR) using a standardized form. Any disagreements
were resolved by discussion. If numerical data could not
be extracted, we read means and measures of dispersion
from figures in the report. In case of multiarm trials com-
paring hylan with different hyaluronic acids, we com-
bined the groups with the different hyaluronic acids. In
case of discrepancies between different reports of the same
trial, we extracted data from the most recent relevant full-
text journal article. For the meta-analyses of secondary
outcomes on local adverse events, we considered only the
first event if more than 1 event had occurred in the same
patient. One trial (19) had a factorial design with partici-
pants randomly allocated to receive 1 of 3 different visco-
supplementation preparations and allocated to receive ei-
ther 1 treatment cycle during months 0—6 or 2 treatment
cycles during months 0—6 and 7-12. Whereas the effec-
tiveness was assessed after 1 cycle at 6 months, the occur-
rence of local adverse events was determined after either 1
or 2 cycles, depending on the number of cycles to which
participants were allocated. Therefore, we treated patients
allocated to 1 or 2 cycles as if they were from separate
trials in the meta-analyses of local adverse events.
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Statistical analysis. Whenever possible, we used results
of an intent-to-treat analysis. Effect sizes were calculated
by dividing the differences in mean values at the end of the
trial across treatment groups by the pooled standard devi-
ation corresponding to Cohen’s d (20). If differences in
end-of-trial values could not been calculated, we used
differences in the mean changes from baseline to the end
of the trial as a proxy measure. If some of the required data
were unavailable we used approximations as described
elsewhere (21). Negative effect sizes indicate superiority of
hylan compared with conventional hyaluronic acids
throughout. An effect size of —0.30 may be considered
minimally clinically relevant. Based on a typical pooled
standard deviation in trials assessing pain with a 10-cm
visual analog scale (2.1 cm), this effect size corresponds to
a 0.6-cm difference in pain scores between groups (21). For
dichotomous outcomes we calculated relative risks.

We used a random-effects meta-analysis (22) to pool
effect sizes and relative risks and calculated the I” statistic
for each meta-analysis. This statistic describes the percent-
age of total variation across trials that is attributable to
statistical heterogeneity rather than chance (23). I? values
of 25%, 50%, and 75% correspond to low, moderate, and
high between-trial heterogeneity, respectively. We inves-
tigated the association between trial size and treatment
effects in a funnel-plot by plotting effect sizes against their
standard error (24). Asymmetry of the funnel-plot was
assessed by the asymmetry coefficient: the difference in
effect size per unit increase in standard error (24). We
performed stratified meta-analyses to investigate potential
sources of statistical heterogeneity. The following trial
characteristics were considered for stratification: adequacy
of concealment of allocation, blinding of patients, ade-
quacy of the analysis, trial size, length of followup, fund-
ing, and preparation used in the control group. We used
prespecified cutoffs of 200 randomized patients to distin-
guish between small- and large-scale trials and of 3 months
to distinguish between trials with short and long followup.
All stratification variables were prespecified in the proto-
col. Univariable random-effects meta-regression analysis
was used to examine whether effect sizes were affected by
these factors (25). In additional univariable random-effects
meta-regression analyses, followup duration and molecu-
lar weight of standard hyaluronic acids were entered as
continuous explanatory variables to explore whether these
factors were associated with effect size. Finally, we per-
formed post hoc sensitivity analyses excluding outlier
studies from the main meta-analysis. Studies were consid-
ered as outliers if the confidence interval of the estimated
effect size from these studies did not overlap with the
pooled overall effect size. For these trials we determined
the contribution to Cochran’s heterogeneity Q statistic in
the overall analysis as described by Baujat et al (26). All
confidence intervals relate to the 95% limit and P values
are 2-sided. Analyses were performed using Stata 9.2
(StataCorp, College Station, TX).

Indirect comparison of hylan and hyaluronic acids.
Previous claims that hylan has greater benefits compared
with conventional preparations of hyaluronic acids were
mainly based on implicit indirect comparisons from pla-

Reports considered
n=559

Title and abstract screening
Excluded, n=244

No randomized trial, n=179

No hyaluronic acid as control, n=35

Other condition, n=30

Y

Y

Full report retrieved
n=315

Fulltext assessment
Excluded, n=300
- No randomized trial, n=158
No hyaluronic acid as control, n=118
No hylan as experimental, n=10
Other condition, n=14

Y
Trials included in review
N=13 (15 reports)

Figure 1. Flow diagram of articles evaluated for inclusion or
exclusion.

cebo-controlled trials. We performed a formal indirect
comparison using results from trials included in previous
meta-analyses that compared hylan or hyaluronic acid
with a sham intervention. We searched PubMed for sys-
tematic reviews and meta-analyses of placebo-controlled
trials of hylan and conventional hyaluronic acids and ex-
tracted relevant data of component trials. Then we used
univariable random-effects meta-regression to derive an
indirect comparison of hylan and hyaluronic acid adjusted
by the common sham intervention control group (27,28).
The type of experimental intervention (hylan or hyal-
uronic acid) was used as the independent variable; the
regression coefficient derived for this variable corresponds
to the difference in effect sizes between trials of hylan and
trials of hyaluronic acid as the experimental intervention
and can be interpreted as the effect size indirectly com-
paring hylan and hyaluronic acid. We performed indirect
comparisons based on all trials and stratified according to
trial size using the cutoff described above.

RESULTS

We identified 559 references and considered 315 to be
potentially eligible for the meta-analysis (Figure 1). Fifteen
reports describing 13 trials met our inclusion criteria and
were included in the meta-analysis. Eleven trials were
published as full journal articles (19,29-38) and 2 trials
were published as abstracts (39,40) (Table 1). Trial dura-
tion ranged from 3 weeks to 1 year (median 6 months) and
only patients with osteoarthritis of the knee were re-
cruited. Overall, the trials had allocated 2,085 patients to
hylan or hyaluronic acid (median 62, range 31-660). The
average age of patients ranged from 54 to 71 years (median
61 years) with an average duration of symptoms ranging
from 4 to 7.7 years (median 5 years). Hyaluronic acid of
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Study Effect size (95%-CI) ment in 2 trials (39,40), blinding status of patients was

: unclear in the remaining 5 trials (30,32,33,36,38); only 1

Wobig 1999 (29) —- -0-44(-0.83 10 -0.05) trial was considered to have adequately blinded therapists

Zhou 2000 (30) — 121 (-1.83 t6 -0.59) (29). Only 1 trial (19) was considered to have performed an

Karlsson 2002 (31) -—:.-- -0.21 (-0.52t0 0.11) intent-to-treat analysis.

Bayaramoglu 2003 (32) -—— 0.32 (-0.39 to 1.03)
Garcia 2004 (39) + 0.74 (-1.29 to -0.19)

Karatay 2004 (33)
Karatosun 2005 (34)
Rolf 2005 (35)
Atamaz 2006 (36)
Kirchner 2006 (37)
Kotevoglu 2006 (38)
Raman 2006 (40)
Juni 2007 (19)

-0.05 (-0.67 to 0.57)
0.23 (-0.27 t0 0.73)
-0.14 (-0.43 to 0.16)
-0.41 (-1.03 to 0.21)
0.18 (-0.04 to 0.40)
0.00 (-0.61 to 0.61)
-1.03 (-1.24 to -0.83)
-0.01 (-0.18 to 0.15)

Overall -0.27 (-0.55 to 0.01)

[ I | 1
2

-1 1
Favors hylan  Favors hyaluronic acid

Figure 2. Forest plot of the meta-analysis of pain-related out-
comes. The size of the boxes is proportional to the random-effects
weights used in the meta-analysis. I = 88% (P < 0.001). 95%
CI = 95% confidence interval.

avian origin was used in 9 trials (31-36,38-40) and 1 trial
used hyaluronic acid of bacterial origin as a control inter-
vention (37). One trial used 2 different hyaluronic acids of
avian origin (29) and a 3-arm trial used a hyaluronic acid
of avian origin in 1 control group and a hyaluronic acid of
bacterial origin in the other control group (19). For 1 trial
(30), the origin of the hyaluronic acid was unclear.

Assessment of quality. All trials were reported as ran-
domized. Concealment of allocation was judged to be ad-
equate in only 2 trials (19,37). For all other trials, conceal-
ment of allocation remained unclear. Patients were

Pooled effect sizes. A total of 13 trials with 2,085 pa-
tients contributed to the meta-analysis of pain-related out-
comes (Figure 2). The pooled effect size was —0.27 with a
confidence interval overlapping the null (95% confidence
interval [95% CI] —0.55, 0.01). An I? of 88% indicated a
high degree of between-trial heterogeneity (P < 0.001 for
heterogeneity) and the funnel-plot was symmetrical
(asymmetry coefficient —0.02; 95% CI —3.25, 3.20).

The results from stratified analyses are presented in
Table 2. Benefits of hylan were small in the 2 trials with
adequate concealment of allocation (981 patients) (19,
37), the 6 patient-blind trials (1,486 patients) (19,29,31,
34,35,37), and the 1 trial analyzed according to the
intent-to-treat principle (660 patients) (19), with effect
sizes near the null effect and confidence intervals overlap-
ping the null, excluding a minimally clinically relevant
effect size of —0.30. However, P values for interaction
between these trial characteristics and treatment effect did
not reach conventional levels of significance (P = 0.19,
0.08, and 0.55). Between-trial heterogeneity was moderate
in trials with adequate concealment of allocation (48%)
and in trials with patient blinding (53%). Effect sizes var-
ied somehow according to the preparation in the control
group (P = 0.09 for interaction), with large effect sizes
found in 2 trials (39,40) that used one particular prepara-
tion of avian origin as a control intervention (—1.00; 95%
CI —1.19, —0.80). Both of these trials lacked blinding of
patients. We found little evidence that effect sizes varied
according to the type of origin of control preparations

blinded to the assigned intervention in 6 trials (avian versus bacterial; P = 0.23 for interaction). The meta-
(19,29,31,34,35,37), explicitly aware of the assigned treat- regression analyses using molecular weight and length of
Table 2. Results of the stratified meta-analyses-related methodologic characteristics*
No. of patients P value for
No. of trials randomized Effect size (95% CI) 1%, % interactiont
All trials 13 2,085 —0.27 (—0.55, 0.01) 88 NA
Concealment of allocation 0.19
Adequate 2 981 0.07 (—0.12, 0.25) 48
No or unclear 11 1,104 —0.35 (—0.67, —0.04) 83
Blinding of patients 0.08
Yes 6 1,486 —0.05 (—0.22, 0.11) 53
No or unclear 7 599 —0.49 (—0.92, —0.05) 80
Intent-to-treat analysis 0.55
Yes 1 660 0.01 (—0.18, 0.15) NA
No or unclear 12 1,425 —0.30 (—0.62, 0.02) 87
Number of patients randomized 0.94
>200 3 1,337 —0.29 (—0.99, 0.41) 97
=200 10 748 —0.26 (—0.50, —0.03) 58
Length of followup 0.71
>3 monthst 5 789 —0.33 (—0.83,0.17) 91
=3 months¥ 8 1,296 —0.22 (—0.50, 0.07) 76
*95% CI = 95% confidence interval; NA = not applicable.
t P values for interaction are from meta-regression analysis.
F Results did not change when using 6 months as cutoff in a post-hoc analysis.
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Hyaluronic
Hylan acid
Events/Total Events/Total Relative risk (95%-Cl)

Flare-ups

Garcia 2004 (39) 3/25 0/26 7.27 (0.39 to 134)

Raman 2006 (40) 17184 07172 2.81(0.12 to 68.4)

Jiini 2007 (19) 6/112 107218 1.17 (0.44 t0 3.13)

Juni 2007 (19) 16/110 137220 —J— 2.46 (1.23 to 4.93)

Overall 2.04(1.18 t0 3.53)
Effusions

Kirchner 2006 (37) 13/161 17160 —————— 12.92(1.71 0 97.6)

Jiini 2007 (19) 10/112 10/218 - 1.95 (0.84 to 4.54)

Jiini 2007 (19) 17/110 177220 ] 2.00 (1.06 to 3.76)

QOverall . 2.40(1.21t04.76)
Local adverse events (any definitions)

Wobig 1999 (29) 2138 1174 3.90 (0.37 to 41.6)

Garcia 2004 (39) 3/25 0/26 7.27 (0.39to 134)

Atamaz 2006 {(36) 1/20 3/20 0.33 (0.04 to 2.94)

Kirchner 2006 (37) 13/ 161 17160 12.92 (1.71 to 97.6)

Raman 2006 (40) 17184 07172 2.81(0.12to 68.4)

Juni 2007 (19) 10/112 157218 3 1.30{0.60 to 2.79)

Juni 2007 (19) 207110 221220 —— 1.82 (1.04 10 3.19)

Overall - 1.91 (104 to 3.49)

[ T 1

0.1 1 10
Favors hylan  Favors hyaluronic acid

Figure 3. Forest plot of the meta-analyses of adverse effects. The
size of the boxes is proportional to the random-effects weights
used in the meta-analysis. Flare: I = 0% (P = 0.52); effusions:
I? = 36% (P = 0.21); local adverse events (any definition): I* =
28% (P = 0.21). 95% CI = 95% confidence interval.

followup as continuous explanatory variables showed no
association between each of these factors and effect size
(regression coefficient for molecular weight: 0.23 per 1000
kDa; 95% CI —0.34, 0.80 and for followup duration: 0.01
per month; 95% CI —0.08, 0.05).

Two trials (30,40) were found to be outliers. The study
by Raman et al (40) contributed 55% to the overall heter-
ogeneity of the meta-analysis. When this study was ex-
cluded from the analysis, the pooled effect size decreased
to —0.17 (95% CI —0.37, 0.02) with an I*> of 66%. The
study by Zhou et al (30) contributed 9% to the overall
heterogeneity of the meta-analysis. When this study was
excluded from the analysis, the pooled effect size de-
creased to —0.21 (95% CI —0.49, 0.07) with an I* of 88%.
Finally, when both studies were excluded the pooled ef-
fect size was —0.10 (95% CI —0.26, 0.06; I* = 48%).

Adverse events. Six trials with 7 comparisons (1,540
patients) contributed to the meta-analysis of local adverse
events (19,29,36,37,39,40). Definitions varied between tri-
als and ranged from pain, swelling, or warming to severe
inflammatory reactions of the treated knee. The meta-ana-
lysis showed a relative risk of 1.91 for hylan compared
with hyaluronic acid (95% CI 1.04, 3.49) with low statis-
tical heterogeneity (I = 28%; P = 0.21 for heterogeneity)
(Figure 3).

Three trials with 4 comparisons (1,067 patients) contrib-
uted to the meta-analysis of flares (19,39,40), which
yielded a pooled relative risk of 2.04 (95% CI 1.18, 3.53)
and no between-trial heterogeneity (I> = 0%; P = 0.52).
Two trials with 3 comparisons (981 patients) contributed
to the meta-analysis of joint effusions (19,37), which
showed a pooled relative risk of 2.40 (95% CI 1.21, 4.76)
for hylan, with moderate heterogeneity (I> = 36%; P =
0.21).

Indirect comparisons. We identified 31 unique trials
(3,983 patients), which were included in at least 1 of 3

meta-analyses (9,12,13) and contributed to the meta-re-
gression analysis deriving indirect comparisons. Three tri-
als with 443 patients evaluated hylan as an experimental
intervention (4,31,41). Figure 4 (bottom) shows that the
effect size indirectly comparing hylan and hyaluronic acid
was —0.64 (95% CI —1.25, —0.02) with a high degree of
statistical heterogeneity (I* = 72%; P < 0.001). The effect
size derived from the 9 large-scale trials (2,363 patients)
was in favor of hyaluronic acid, with confidence intervals
overlapping the null (0.23; 95% CI —0.31, 0.77), whereas
the effect size derived from the 22 small trials (1,620
patients) was robustly in favor of hylan (—1.19; 95% CI
—1.91, —0.46; P = 0.006 for interaction between effect size
and trial size). Figure 4 (top) indicates that differences
between large and small trials were not apparent for direct
comparisons (P = 0.85 for interaction).

DISCUSSION

Our systematic review and meta-analysis of trials compar-
ing hylan with hyaluronic acid found no robust evidence
for a clinically relevant benefit of hylan compared with
hyaluronic acid. Inclusion of all trials resulted in a small
effect size of questionable relevance and a high degree of
statistical heterogeneity, which made interpretation of re-
sults difficult. Pooling the 2 trials with adequate conceal-
ment of allocation resulted in the inclusion of 46% of
patients, a decrease in statistical heterogeneity, and a clin-
ically irrelevant pooled effect size near the null effect.
Pooling the 6 patient-blind trials led to the inclusion of
72% of patients and again resulted in a decrease of heter-
ogeneity and an effect size near the null. The only trial
with an intent-to-treat analysis also had an adequate con-
cealment of allocation and blinding of patients; this trial
included 31% of patients and resulted in an effect size of
—0.01 (19). This corresponds to a difference in pain be-
tween hylan and hyaluronic acid of 0.2 mm on a 10-cm
visual analog scale. However, patients treated with hylan
were approximately twice as likely as patients treated with
hyaluronic acid to experience local adverse events, includ-
ing effusions or flares.

Our review is based on an extensive literature search
(42). Trial selection and data extraction including quality
assessment were performed independently by 2 authors to
minimize bias and transcription errors (43,44). As with
any systematic review, our study is limited by the quality
of included trials. The majority of trials had poor method-

Effect size (85%Cl)
Direct comparisons

Trial size > 200 patients — -0.24 (-0.69 to 0.21)

— p=085
Trial size < 200 patients —@— -0.30 (-0.64 to 0.04)
Direct comparisons - -0.27 (-0.55 to 0.01)
Indirect comparisons
Trial size > 200 patients —@— 0.23(-0.31t0 0.77) p = 0.006
Trial size < 200 patients ———@——1 -1.19 (-1.91 to -0.46)

-0.64 (-1.25 t0-0.02)

Overall -
T

T
2

-1 0 1 2
Favors hylan  Favors hyaluronic acid

Figure 4. Comparison of meta-analyses of direct and indirect
comparisons. 95% CI = 95% confidence interval.
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ologic quality or inadequate reporting. For example, for
almost all trials concealment of allocation was unclear and
only 1 trial used blinding of therapists. All quality criteria
used in this systematic review have been shown to be
associated with bias in several studies (15,42,45-47). A
major limitation relates to our inability to fully explain
heterogeneity between trials: the decrease in heterogeneity
was only modest in stratified analyses and P values for
interaction between effect size and trial characteristics did
not reach conventional levels of statistical significance. It
should be noted that the relatively low number of trials
included in our meta-analysis means that interaction tests
only had limited power to detect relevant differences.

Another problem relates to insufficient standardization
of safety outcomes: definitions and reporting of local ad-
verse events differed considerably among the trials and the
validity of our meta-analysis of local adverse events with
variable definitions might therefore be low. However, rel-
ative risks rather than risk differences used in our meta-
analysis minimize the impact of differences in the strin-
gency of definitions of local adverse events. This notion is
supported by the low heterogeneity between trials found
for this analysis. For the more standardized definitions,
flares and effusions, we could include only 3 and 2 trials,
respectively. However, included trials were large and cov-
ered 50% and 46%, respectively, of all patients considered
in the meta-analysis of effectiveness. The approximately
2-fold increase in the risk of local adverse events associ-
ated with hylan is clinically relevant. A risk increase was
consistently found across trials and definitions, with a
generally low degree of heterogeneity between trials. This
robust evidence for an increased risk of local adverse
events needs to be interpreted against the lack of evidence
for a superiority of hylan over hyaluronic acid in terms of
pain relief. Based on a control group rate of 77 local ad-
verse events per 1,000 treated patients occurring over 1
year in the largest trial (19), the number needed to harm to
induce 1 additional local adverse event would be 14 (95%
CI 5, 324).

We are aware of 6 other meta-analyses (9—14) of the
effectiveness of viscosupplementation. All except the Co-
chrane review by Bellamy et al (13) restricted their analy-
sis to trials, which compared different hyaluronic acids or
hylan with a sham intervention, but excluded direct head-
to-head comparisons. Based on implicit indirect compari-
sons, some reviewers (9,11) discussed whether hylan
might be more effective than conventional hyaluronic ac-
ids. Our meta-analysis is the first to directly compare hy-
lan and conventional hyaluronic acids. The results contra-
dict previous claims of greater benefits of hylan. Moreover,
comparing these results with results from formal indirect
comparisons, we demonstrated that previous, implicit in-
direct comparisons were misleading. The effect size from
indirect comparisons was approximately 3 times higher
than the pooled effect size of the direct comparisons. This
was largely explained by an exaggerated benefit of hylan in
small trials.

The most recent Cochrane review (13), updated in Feb-
ruary 2006, considered 9 studies, which compared hylan
and hyaluronic acids. We included 8 of these in our meta-
analyses. One study (48,49), which was described as a

parallel-group randomized controlled trial by Bellamy et
al (13), was an observational study in which the treatment
decision was based on “the consultant to whom the patient
was referred” (48). Given that this treatment decision
might be related to the prognosis of patients (15), we
excluded this study. Two other differences should be
noted. First, we did not use a scale to assess the method-
ologic quality of trials because the type of scale used may
affect methodologic judgments (50). Second, Bellamy et al
(13) opted against combining data if different hyaluronic
acids were used as control interventions or if pain was
measured with different scales. To provide a meaningful
synthesis of the evidence (51), we used effect sizes to
standardize data from different pain scales and explored
potential sources of heterogeneity in the entire body of
data. Our analyses indicate that the heterogeneity between
trials might be explained mainly by differences in meth-
odologic quality rather than by differences in the type of
hyaluronic acid used as a control intervention. Large effect
sizes were found in 2 trials (39,40) that had used one
particular preparation of avian origin as a control interven-
tion, but both of these trials lacked blinding of patients.

In view of the likely lack of a superior effectiveness of
hylan over hyaluronic acid and the increased risk of local
adverse events associated with hylan, we discourage the
use of intraarticular hylan in patients with osteoarthritis of
the knee in clinical research or practice. No conclusions
can be drawn from this meta-analysis regarding the effec-
tiveness of viscosupplementation compared with sham
interventions.

ACKNOWLEDGMENTS

We thank Bettina Lésser for bibliographic work, Malcom
Sturdy for database development, and Heather Murray for
helpful comments on earlier drafts of this article.

AUTHOR CONTRIBUTIONS

Dr. Jiini had full access to all of the data in the study and takes
responsibility for the integrity of the data and the accuracy of the
data analysis.

Study design. Reichenbach, Dieppe, Jiini.

Acquisition of data. Reichenbach, Blank, Rutjes, Shang, King,
Trelle.

Analysis and interpretation of data. Reichenbach, Blank, Dieppe,
Jiini, Trelle.

Manuscript preparation. Reichenbach, Blank, Rutjes, Shang,
King, Dieppe, Jiini, Trelle.

Statistical analysis. Reichenbach, Shang, Jiini, Trelle.

REFERENCES

1. Fiorentini R. Proceedings of the United States Food and Drug
Administration Advisory Panel on Orthopaedic and Rehabil-
itation Devices. Fairfax (VA): CASET Associates; 1996.

2. Berkowitz D. Proceedings of the United States Food and Drug
Administration Advisory Panel on Orthopaedic and Rehabil-
itation Devices. Fairfax (VA): CASET Associates; 1996.

3. Adams ME, Atkinson MH, Lussier AJ, Schulz JI, Siminovitch
KA, Wade JP, et al. The role of viscosupplementation with
hylan G-F 20 (Synvisc) in the treatment of osteoarthritis of the
knee: a Canadian multicenter trial comparing hylan G-F 20
alone, hylan G-F 20 with non-steroidal anti-inflammatory



Hylan Versus Hyaluronic Acid in Knee Osteoarthritis

1417

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

drugs (NSAIDs) and NSAIDs alone. Osteoarthritis Cartilage
1995;3:213-25.

. Scale D, Wobig M, Wolpert W. Viscosupplementation of os-

teoarthritic knees with hylan: a treatment schedule study.
Curr Ther Res 1994;56:220-32.

. Martens PB. Bilateral symmetric inflammatory reaction to hy-

lan G-F 20 injection. Arthritis Rheum 2001;44:978-9.

. Tomas Gil ], Lopez Mateu P, Alegre J. Acute adverse reaction

to hylan G-F 20: comment on the article by Martens [letter].
Arthritis Rheum 2003;48:866.

. Pagnano M, Westrich G. Successful nonoperative manage-

ment of chronic osteoarthritis pain of the knee: safety and
efficacy of retreatment with intra-articular hyaluronans. Os-
teoarthritis Cartilage 2005;13:751—61.

. Goldberg VM, Coutts RD. Pseudoseptic reactions to hylan

viscosupplementation: diagnosis and treatment. Clin Orthop
Relat Res 2004;419:130—7.

. Lo GH, LaValley M, McAlindon T, Felson DT. Intra-articular

hyaluronic acid in treatment of knee osteoarthritis: a meta-
analysis. JAMA 2003;290:3115-21.

Espallargues M, Pons JM. Efficacy and safety of viscosupple-
mentation with Hylan G-F 20 for the treatment of knee
osteoarthritis: a systematic review. Int ] Technol Assess
Health Care 2003;19:41-56.

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. ] Bone Joint
Surg Am 2004;86-A:538—45.

Arrich ], Piribauer F, Mad P, Schmid D, Klaushofer K, Mull-
ner M. Intra-articular hyaluronic acid for the treatment of
osteoarthritis of the knee: systematic review and meta-analy-
sis. CMAJ 2005;172:1039—43.

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.
Medina JM, Thomas A, Denegar CR. Knee osteoarthritis:
should your patient opt for hyaluronic acid injection? ] Fam
Pract 2006;55:669—75.

Juni P, Altman DG, Egger M. Systematic reviews in health
care: assessing the quality of controlled clinical trials. BMJ
2001;323:42—-6.

Altman R, Brandt K, Hochberg M, Moskowitz R, Bellamy N,
Bloch DA, et al. Design and conduct of clinical trials in
patients with osteoarthritis: recommendations from a task
force of the Osteoarthritis Research Society: results from a
workshop. Osteoarthritis Cartilage 1996;4:217—43.

Bellamy N, Kirwan J, Boers M, Brooks P, Strand V, Tugwell P,
et al. Recommendations for a core set of outcome measures for
future phase III clinical trials in knee, hip, and hand
osteoarthritis: consensus development at OMERACT IIIL
] Rheumatol 1997;24:799-802.

Juni P, Reichenbach S, Dieppe P. Osteoarthritis: rational ap-
proach to treating the individual. Best Pract Res Clin Rheu-
matol 2006;20:721-40.

Juni P, Reichenbach S, Trelle S, Tschannen B, Wandel S, Jordi
B, et al, for the Swiss Viscosupplementation Trial Group.
Efficacy and safety of intraarticular hylan or hyaluronic acids
for osteoarthritis of the knee: a randomized controlled trial.
Arthritis Rheum 2007;56:3610-9.

Cohen J. Statistical power analysis for the behavioral sci-
ences. 2nd ed. Hillsdale (NJ): Lawrence Erlbaum; 1988.
Reichenbach S, Sterchi R, Scherer M, Trelle S, Burgi E, Burgi
U, et al. Meta-analysis: chondroitin for osteoarthritis of the
knee or hip. Ann Intern Med 2007;146:580-90.
DerSimonian R, Laird N. Meta-analysis in clinical trials. Con-
trol Clin Trials 1986;7:177—88.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ 2003;327:557—60.
Sterne JA, Egger M. Funnel plots for detecting bias in meta-
analysis: guidelines on choice of axis. J Clin Epidemiol 2001;
54:1046-55.

Thompson SG, Sharp SJ. Explaining heterogeneity in meta-
analysis: a comparison of methods. Stat Med 1999;18:2693—
708.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Baujat B, Mahe C, Pignon JP, Hill C. A graphical method for
exploring heterogeneity in meta-analyses: application to a
meta-analysis of 65 trials. Stat Med 2002;21:2641-52.

Song F, Altman DG, Glenny AM, Deeks JJ. Validity of in-
direct comparison for estimating efficacy of competing inter-
ventions: empirical evidence from published meta-analyses.
BM]J 2003;326:472.

Glenny AM, Altman DG, Song F, Sakarovitch C, Deeks JJ,
D’Amico R, et al, and the International Stroke Trial Collabo-
rative Group. Indirect comparisons of competing interven-
tions. Health Technol Assess 2005;9:26.

Wobig M, Bach G, Beks P, Dickhut A, Runzheimer J,
Schwieger G, et al. The role of elastoviscosity in the efficacy of
viscosupplementation for osteoarthritis of the knee: a com-
parison of hylan G-F 20 and a lower-molecular-weight hyal-
uronan. Clin Ther 1999;21:1549—-62.

Zhou G, Wang YR, Zhou ZD, Hu GT. Comparison of two
different molecular-weight of sodium hyaluronate on treat-
ment of the osteoarthrosis. Acta Univ Med Second Shanghai
2000;20:361-3.

Karlsson J, Sjogren LS, Lohmander LS. Comparison of two
hyaluronan drugs and placebo in patients with knee
osteoarthritis: a controlled, randomized, double-blind, paral-
lel-design multicenter study. Rheumatology (Oxford) 2002;
41:1240-8.

Bayramoglu M, Karatas M, Cetin N, Akman N, Sozay S, Dilek
A. Comparison of two different viscosupplements in knee
osteoarthritis: a pilot study. Clin Rheumatol 2003;22:118-22.
Karatay S, Kiziltunc A, Yildirim K, Karanfil RC, Senel K.
Effects of different hyaluronic acid products on synovial fluid
levels of intercellular adhesion molecule-1 and vascular cell
adhesion molecule-1 in knee osteoarthritis. Ann Clin Lab Sci
2004;34:330-5.

Karatosun V, Unver B, Gocen Z, Sen A. Comparison of two
hyaluronan drugs in patients with advanced osteoarthritis of
the knee: a prospective, randomized, double-blind study with
long term follow-up. Clin Exp Rheumatol 2005;23:213-8.
Rolf CG, Engstrom B, Ohrvik J, Valentin A, Lilja B, Levine
DW. A comparative study of the efficacy and safety of hyal-
uronan viscosupplements and placebo in patients with symp-
tomatic and arthroscopy-verified cartilage pathology. J Clin
Res 2005;8:183—-200.

Atamaz F, Kirazli Y, Akkoc Y. A comparison of two different
intra-articular hyaluronan drugs and physical therapy in the
management of knee osteoarthritis. Rheumatol Int 2006;26:
873-8.

Kirchner M, Marshall D. A double-blind randomized con-
trolled trial comparing alternate forms of high molecular
weight hyaluronan for the treatment of osteoarthritis of the
knee. Osteoarthritis Cartilage 2006;14:154—62.

Kotevoglu N, Iyibozkurt PC, Hiz O, Toktas H, Kuran B. A
prospective randomized controlled clinical trial comparing
the efficacy of different molecular weight hyaluronan solu-
tions in the treatment of knee osteoarthritis. Rheumatol Int
2006;26:325-30.

Garcia B. A comparative study: adverse reactions to Synvisc
but not Hyalgan. In: Annual meeting of the American Acad-
emy of Orthopaedic Surgeons; 2004 March 10-14; San Fran-
cisco, CA. 2004. Abstract No: P337.

Raman R, Dutta, Day N, Shaw CJ, Johnson G. The efficacy of
Hylan G-F 20 and sodium hyaluronate in the treatment of
osteoarthritis of the knee: a prospective randomized double
blind trial [abstract]. Arthritis Rheum 2006;54 Suppl 9:S675.
Wobig M, Dickhut A, Maier R, Vetter G. Viscosupplementation
with hylan G-F 20: a 26-week controlled trial of efficacy and
safety in the osteoarthritic knee. Clin Ther 1998;20:410-23.
Egger M, Juni P, Bartlett C, Holenstein F, Sterne ]J. How im-
portant are comprehensive literature searches and the assess-
ment of trial quality in systematic reviews? Empirical study.
Health Technol Assess 2003;7:1-76.

Egger M, Smith GD. Principles of and procedures for system-



1418

Reichenbach et al

44,

45.

46.

47.

atic reviews. In: Egger M, Smith GD, Altman DG, editors.
Systematic reviews in health care: meta-analysis in context.
London: BMJ; 2001. p. 23—42.

Buscemi N, Hartling L, Vandermeer B, Tjosvold L, Klassen
TP. Single data extraction generated more errors than double
data extraction in systematic reviews. J Clin Epidemiol 2006;
59:697-703.

Schulz KF, Chalmers I, Hayes R], Altman DG. Empirical evi-
dence of bias: dimensions of methodological quality associ-
ated with estimates of treatment effects in controlled trials.
JAMA 1995;273:408—12.

Kjaergard LL, Villumsen J, Gluud C. Reported methodologic
quality and discrepancies between large and small random-
ized trials in meta-analyses. Ann Intern Med 2001;135:982—9.
Balk EM, Bonis PA, Moskowitz H, Schmid CH, Ioannidis JP,
Wang C, et al. Correlation of quality measures with estimates

48.

49.

50.

51.

of treatment effect in meta-analyses of randomized controlled
trials. JAMA 2002;287:2973—82.

Brown DJ, Beinat L. Safety and efficacy of an hyaluronan of
500-730 KDa and Hylan G-F 20 in clinical practice. Osteoar-
thritis Cartilage 2003;11 Suppl 1:S118.

Brown DJ, Wood EV, Hannah HM, Rao VS, Teanby D.
Prospective comparison of sodium hyaluronate and hylan
G-F 20 in a clinical practice: comment on the concise
communication by Martens [letter]. Arthritis Rheum 2004;
50:1697-8.

Juni P, Witschi A, Bloch R, Egger M. The hazards of scoring
the quality of clinical trials for meta-analysis. JAMA 1999;
282:1054-60.

Mulrow CD, Cook DJ, Davidoff F. Systematic reviews: critical
links in the great chain of evidence. Ann Intern Med 1997;
126:389-91.



