
Eight trials received support from
pharmaceutical companies and 3 (the 2 by
Henderson and the Grecomoro study) did
not disclose any pharmaceutical support.
One study was conducted in the United
States, 3 in the UK, 3 in Germany, 1 in
Sweden, 1 in Italy, and 2 in Canada. Five
of the studies had scores over a cutoff qual-
ity score of >0.75,12,13,15,16,19 indicating they
were good-quality randomized controlled
trials; the remaining 4 had scores below
0.75.11,14,16,17

The outcomes of the 11 trials are sum-
marized in TABLE 2. Patients’ pain ratings
in both the active treatment and placebo
groups improved in all the trials. Mean dif-
ference between improvements in treat-
ment and placebo groups are shown in
FIGURES 2A–2D for pain assessed at weeks
1, 5 to 7, 8 to 12 and 15 to 22, respective-
ly. In each figure, we show the summary
estimate of effect size with all the trials

included and after excluding the 4 trials
considered of poor quality, shown as
“good quality studies.”

The mean difference in pain scores
between treatment and placebo at week 1
was 4.4 (95% CI, +1.1, +7.2) and –1.0
(95% CI, -3.2, +1.2) for analysis restrict-
ed to the 7 good quality trials. The mean
difference in pain scores at 5 to 7 weeks
was 17.6 (95% CI, +7.5, +28.0) and 7.2
(95% CI, +2.4, +12.0) for the analysis
restricted to the 2 good quality studies. At
weeks 8 to 12 the mean difference in VAS
between treatment and control was 18.1
(95% CI, +6.3, +29.9), and 7.1 (95% CI,
+3.0, +11.3) in the analysis restricted to
good quality trials. At weeks 15 to 22, the
mean difference was 4.4 (95% CI, –15.3,
+24.1). The Egger test was not statistical-
ly significant (2.3; P=.096; 95% CI, –0.5,
+5.2) suggesting that there is no publica-
tion bias.

Hyaluronic acid injections relieve knee pain s
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geneity if it exists. Heterogeneity is the
degree to which results vary from study to
study. If a test for heterogeneity is statisti-
cally significant, there is significant variabil-
ity among the treatment effects observed in
the trials. We explored heterogeneity using
Galbraith plots (FIGURE 1).24 In the absence
of heterogeneity, all points fall within the
confidence limits. Because we did find het-
erogeneity among these trials, we devel-
oped random-effect regression models to
explore 3 possible sources of heterogeneity
in the efficacy of hyaluronic acid; pain
(measured at rest or on activity), the form
used (hyaluronan or hylan G-F20), and the
quality of the study method (good or poor).

Publication bias was assessed by the
Egger et al regression asymmetry test.25

Analyses were performed using the meta-
analytic software program of STATA, Inc
(College Station, Tex; available at
www.stata.com).

n Results
The 11 randomized, placebo-controlled,
double-blinded clinical trials that met
our inclusion criteria are summarized in
TABLE 1. Nine trials used hyaluronic
acid, hyaluronan, or hyaluronate (all
types will be referred to as hyaluronan in
the text), and 2 studies used hylan GF-
20. Only 3 hyaluronan trials have pub-
lished outcome data at 15 to 22 weeks
follow-up. Treatment was administered
to patients as 3 to 5 weekly injections,
with the exception of the Grecomoro
study in which treatment was adminis-
tered twice weekly. The control group in
10 trials received intra-articular saline
injections as placebo. In the Puhl study
the investigators added 0.25 mg of
hyaluronic acid to the saline injections to
impart viscosity to the solution. The
mean age of the subjects for the 11 trials
was 63 years.

TABLE  2

BASAL, MEAN (SD) CHANGE AT 1 WEEK CHANGE AT 5–7 WEEKS

Hyalgan, Placebo, Hyalgan Placebo Difference* Hyalgan Placebo Difference* 
mean (SD) mean (SD) mean mean mean (SE) mean mean mean (SE)

Grecomoro 47 (22.4) 44 (21.2) 35 13 22 (6.7) 27 12 15 (6.5)

Puhl 54.1 (22.6) 51.4 (22.4) 25.5 20 5.5 (3.2) 26.3 18.3 8 (3.2)

Henderson 1 43.7 (7.8) 53.3 (7.2) 15.6 14.5 1.1 (2.4)

Henderson 2 48.5 (5.5) 49.3 (6.2) 8.7 18 –9.3 (1.8)

Scale 67 (8) 71 (6) 33 21 12 (2.7) 51 21 30 (2.7)

Lohmander 44.4 (25.3) 42.31 (24.8) 12.5 16 –3.5 (3.6)

Altman 53 (29) 49 (29) 34 26.5 7.5 (3.9) 33 27 6 (3.8)

Wobig 71 (15) 75 (15.5) 40 22 18 (2.8) 47 15 32 (2.8)

Huskisson 65.8 (18) 61.9 (22.9) 38.3 21.3 17 (5.2) 33.5 19.8 13.7 (5.4)

Petrella 1 3.3 (1.8) 3.3 (1.4) 2.6 (1.6) 1.8 (1.3) –1.4 (0.5)

Petrella 2 3.6 (1.9) 3.3 (1.4) 1.6 (1.3) 1.6 (1.3) –0.2 (0.4)

Pain measured on a visual analog scale of 100 mm at baseline. Scale and Wobig trials used hylan G-F20.
*Differences between groups of treatment were calculated by resting change in placebo group from change in hyalgan group. Standard error of
this difference was imputed using the method of Follman et al.13

Knee pain on activity or rest, and changes for each group 
after treatment with hyaluronic acid (weeks 1, 5–7, 8–12, and 15–22)

CHANGE AT 8–12 WEEKS CHANGE AT 15–22 WEEKS

Hyalgan Placebo Difference* Hyalgan Placebo Difference* 
mean mean mean (SE) mean mean mean (SE)

27.6 17.4 10.2 (3.2)

54 20 34 (2.7)

15 12 3 (3.6) 31.9 (25.5) 15.4 (24.8) 14.4 (3.6)

34 26.5 7.5 (3.8) 16.4 (29) 23.1 (29) 10.2 (3.9)

48 14 34 (2.8)

32.8 13.6 19.2 (5.7) 39.4 (27.8) 53.7 (29.9) 18.2 (5.5)

Weigh 
cost-benefit: 
3 to 5 weekly
knee injections
may cost $1000 or
more per knee
treated
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