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Background: Of the pharmacological modalities for knee osteoarthritis (OA), intra-articular injections including ozone
(O3) and hyaluronic acid (HA) are commonly used for reducing pain and improving function. In this systematic review
and meta-analysis, we aimed to compare the effect of O3 versus HA in reducing pain and increasing function in patients
with knee OA.

Methods: After searching databases, we included 6 randomized controlled trials on patients with knee OA that
compared the effects of intra-articular injection of ozone versus HA. The primary outcome was visual analogue scale
(VAS) of pain. The secondary outcome was Western Ontario and McMaster Universities Arthritis Index (WOMAC)
score.

Results: There was a total of 237 patients in the HA group and 230 patients in the Ozone group. Of 6 studies, 4 were
in English, 1 was in Persian, and 1 was in German language. The overall Standardized Mean Difference (SMD) for VAS
pain did not show a significant difference between the groups although it favored HA injection (1.27 [95%ClI: (-0.12)-
2.66]). Total WOMAC score showed a significant difference over the time favoring HA injection (4.5 [95%CI: 1.1-8]).
However, no single time point showed any significant difference between groups.

Conclusion: This meta-analysis showed no significant difference between HA and ozone in reducing pain and
improving function in patients with knee OA, although the overall results favored HA over ozone. Since previous studies
have shown comparable results between HA and placebo, ozone seems to fall in the same category with more placebo
effect rather than a real disease-modifier.

Level of evidence: |

Keywords: Hyaluronic acid, Knee osteoarthritis, Ozone, Pain, WOMAC score

Introduction
f the pharmacological therapies for knee
O osteoarthritis (OA), intra-articular injections are
becoming more popular because of their efficacy
in reducing pain and some improving function without
serious side effects (1). Hyaluronic acid (HA) is reported
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to increase viscoelastic function, act like a lubricant
to maintain the cartilage matrix integrity, and have
good anti-inflammatory effects (2). In comparison to
corticosteroids, HA injection has been shown to result in
more persistenttherapeuticeffectslastingalmost12 times
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longer than corticosteroid injections (3, 4). Nevertheless,
the latest evidence-based guideline released in 2013 by
the American Academy of Orthopaedic Surgeons, did not
recommend HA in patients with symptomatic knee OA
with strong recommendation due to lack of superiority
over placebo (5).

Ozone therapy has recently become popular in the
treatment of OA. Ozone (0,) gas was discovered and has
been utilized since 1800s. Ozone therapy with a history
of being practiced for disease treatment and disinfection
in more than a century has shown considerable potential
with its minimal side effects, safety and proven consistent
effectiveness. During the first world war (1914-18)
doctors already knowing about the O,’s antibacterial
properties, discovered the hemodynamic and anti-
inflammatory properties of O, too (6).

Oxygen ozone consists of pure O, and O, which is
made by O, passing through a high Voltage gradlent in
a medical generator The natural chemical properties
of O, tend to be the main reason for anti-inflammatory
and paln reducing effects of 0,0, (1, 7, 8). The efficacy
of O, in the management of knee OA has been shown
to some extent (9). A randomized clinical trial found
superior results over corticosteroid injection in a 6
month follow up based on the Western Ontario and
McMaster Universities Arthritis Index (WOMAC) (10).
Also another study showed higher efficacy of ozone
over placebo in relieving pain and improving function
after 8 weeks (11). However, there is still a dearth of
data regarding the efficacy of ozone in compare to other
modalities including HA.

In this paper, we aimed to perform a systematic review
and meta-analysis of all randomized clinical trials (RCTs)
comparing intra-articular injection of ozone versus HA
in terms of improvement in the visual analog scale (VAS)
and WOMALC scores in patients with knee OA.

Materials and Methods

In this study we used the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses statement
(PRISMA) guidelines (12).

Search strategy

Four main databases including PubMed/Medline,
ISI web of knowledge, Cochrane Library and Scopus
were searched using the appropriate key words. Grey
literature in The Grey Literature Report and OpenGrey
were also searched. To avoid missing any relevant
articles, we searched the Scientific Information
Database (SID) - the main webpage of scientific articles
in Persian language - with Persian keywords. The
main key words were “joint disease” or “arthritis” or
“osteoarthritis” or “arthrosis” combined with “ozone”
or“0.,"or“0," or ‘oxygen” and “hyaluronic acid” or “HA”.
We aaapted the search strategy for each database. They
were searched to find out all randomized controlled
trials comparing the effect of intra-articular injection of
ozone versus hyaluronic acid (HA) in the treatment of
arthritis in the adult population. There was no language
or time limitation in selecting articles. The last search
was done on August 12, 2018.

OZONE VS. HYALURONIC ACID IN KNEE OSTEOARTHRITIS

Selection criteria (Inclusion and Exclusion criteria)

We included all randomized controlled trials (RCTs)
that compared the effects of intra-articular injection
of ozone versus HA on pain in adult patients with
arthritis. We only included the original articles, while
other search results such as book chapters, reviews,
and conference papers were excluded. We also removed
duplicate studies using title and abstract screening
[Figure 1].

Quality Assessment and Data extraction

We assessed the quality of the selected RCTs using the
Jadad score (13). Two separate authors (].J] and M.E)
evaluated the studies. This measure applies 5 questions
that cover the three main domains of randomization,
blinding, and drop-outs. Jadad score ranges from 0 to 5
with higher score showing higher quality (14). Scores of
3 or higher is considered appropriate.

Two authors (N.T and ].J) independently extracted
data using a pre-defined data collection form. The
following data was collected: the first author’s
surname, year of publication, country, age of the
patients, sample size, duration of the follow up, and
the therapeutic outcomes.

Data Synthesis

To calculate the effect size, we used the change in
measurements as the Mean Difference (MD) (measured
mean value at the time of follow up - measured mean
value at baseline). To pool the data, we used the
Standardized Mean Difference (SMD) for the analysis.
One study had provided the correlation coefficient for
the mean change in scores (4) with which we calculated
the Standard Deviation of the mean difference for
both experimental and control groups in the other 5
studies using the below theorem where E stands for the
experimental group. Similarly, it is calculated for the
control group (15).

2 2 2
SDE,baseline + SDE,final—SDE,change

Corrg =
2% SDE,baseline % SDE,final

SDE,change = \/SDEZ,baseline + SDé,final—(z * Corr * SDE,baseline x SDE,final)

Outcome measures

The primary outcome was the visual analogue scale
(VAS) of pain ranging from 0-10 with 0 being no pain and
10 being the worst pain. All 6 studies had reported the
VAS Score. Secondary outcome was Western Ontario and
McMaster Universities Arthritis Index (WOMAC) score.
Only 4 Studies had reported this score. One study had
reported Oxford Knee Score and 1 study had reported
Short Form 12 (SF-12). We avoided standardizing and
pooling the scores to maintain the value of WOMAC
scoring. Moreover, WOMAC score was subdivided to its
domains including pain, stiffness, and function.
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Figure 1. PRISMA flow diagram for selection of the studies is illustrated.

We performed subgroup analysis at different time
points separately. As there were only six relevant articles
with different follow up times, for a better conclusion,
we pooled the follow-up times of 2 weeks and 1 month
together, 2 and 3 months together, and 6 and 12 months
together categorizing as 1 month and less, 2-6 months,
6 months and more, respectively. If two measurements
were provided in one categorization, we used the latest
one in the analysis.

To address the proportion of sampling error versus
the true effect, we assessed the heterogeneity using the
chi-square-based Cochran’s Q and I? index. I* describes
the percentage of total variation across studies that
are due to heterogeneity rather than chance. I? more
than 50% is considered heterogeneous where it is
recommended to use the random-effects model in
the analysis. Otherwise, the fixed effect model can be
carried out. Effect sizes are described as standardized
mean difference (SMD) and 95% confidence intervals
(95%CI). For sensitivity analysis we used the leave-one-

)
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_§ systematic review
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out method, which removes one study and repeats the
analysis.

We carried out the meta-analysis using the OpenMeta
software (16).

Results
Study characteristic

We included 6 studies with a total of 237 patients in the
HA group (76 men and 161 women) and 230 patients in
the Ozone group (85 men and 145 women). Of 6 studies,
4 were in English, 1 was in Persian, and 1 was in German.
The mean age of the HA and Ozone groups were 59.8 and
59.1, respectively. Three studies used Ozone (0,) while
2 studies used the mixed of 0,-0, and 1 study used O, to
inject in the osteoarthritic knees [Table 1-3].

Quality Assessment

According to Jadad scoring most of the studies had
appropriate quality. Only two studies were of score less
than three [Table 4] (13, 17, 18).
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Table 1. Design details of the included studies

Auth_o b ).fear of Country Sample size % female Mean age Outcome Asses§ment
publication measurement point
Raeissadat et al. Iran HA:74 HA:77% HA:61.1+6.3 VAS,WOMAC (total, pain, TO:baseline
2018 (4) Ozone:67 Ozone:75%  Ozone: 58.1+6.4 function, stiffness) T1:6 months
scores
TO:baseline
Duymus et al. ke HA:34 HA:97.1%  HA:603+9.1 VAS'WOMACSg;’f;ael'S S)am' function, TTzl ;nr:‘;’;‘tthhs
2016 (19) y Ozone:35 Ozone:88.6% Ozone: 59.4 + 5.7 ’
scores T3:6 months
T4:12 months
Giombini etal. Italy 01283233 HA:52% HA: 64:4.52 VAS score Tl-gg:s]zils‘i:tnnient
: A0 ) :
2016 (17) Combined:24 0203:47% 0203:68+5.36 T2:2 months
Invernizzi et al. tal HA:20 HA:65% HA: 70.7 + 5.4 VAS score Eiga‘fs;ig
2017 (9) Y 0203:22 0203:72.7% 0203:70.3 6.5 )
T2:1 month
uswonic ilne
Auerbach et al. Germany HA:56 HA:51.7% HA: 48.0 (17-78) (pain, function, T2-'3 months
. . 0 . : . :
2002 (18) 02:53 02:50.9% 02:46.5(18-80) stslif(r:re;sss) T3:6 months
T4:12 months
Momenzadeh et HA:30 HA60y ¢ 67:53+1118 VAS,WOMAC TO:baseline
al. 2014 (23) fran Ozone:30 0zone:66.6% Ozone: (total) scores T1:1 month
' ’ o 68.57+9.29 T2:2 months

Table 2. Characteristics of the included studies

Author,
year of publication

Grade of Osteoarthritis

BMI

Duration of Treatment

Complications

Raeissadat et al.
2018 (4)

Duymus et al. 2016
(19)

Giombini et al. 2016
17)

Invernizzi et al.
2017 (9)

Auerbach et al. 2002
(18)

Momenzadeh et al.
2014 (23)

HA — Grade I11/111:40/34
Ozone — Grade II/11I: 37/30

HA - Grade 1I/11I: 23 /12
Ozone — Grade 11/11I: 24/10

HA - Grade II/11I: 13/10
0203 - Grade I1/11I: 11/12

HA - Grade II/1II: 14/6
0203 - Grade II/I1I: 13/7

HA - Grade II/11I: 20/20
02 - Grade II/1II: 22/23

Grade I,II

HA: 28.6+£1.65
Ozone: 26.8+1.95

HA: 28.4 + 3.6
Ozone: 27.6 + 4.4

HA: 24.4£4.5
0203:27.7+4.9

HA: 26.8+1.7
0203: 27.1+£19

HA: 16,8
02: 16,4

No report

In both groups weekly injections
were performed for 3 consecutive

weeks

HA: single dose
Ozone: for 4 weeks

In both groups once a week for 5

consecutive weeks

In both groups once per week

(q1wk) for 4 consecutive weeks

HA: 5 times
02: once a week for 3 weeks

In both groups weekly injections

were performed for 3 weeks

no major complications mild
flare reaction after the first
injection

only mild and very short-term
side effects (pain, heat and
redness)

no complications

Only one case of fatal septic
shock after intramuscular-
paravertebral 0203 injection

no complications

No complications
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Table 3. Results of the included studies

Author, year of publication

Results

Raeissadat et al. 2018 (4)

Duymus et al. 2016 (19)

Giombini et al. 2016 (17)

Invernizzi et al. 2017 (9)

Auerbach et al. 2002 (18)

Momenzadeh et al. 2014 (23)

VAS HA - T0:7.1+£3.2; T1:3.0£2.4. VAS Ozone — T0:7.6+2.8; T1: 2.6%2.0.

WOMAC total HA — T0: 40.8+9.0; T1: 17.1+4.2. WOMAC total Ozone — TO0: 38.5+8.0; T1: 20.4+5.0.
WOMAC pain HA = T0: 8.8+4.0; T1: 2.9+1.6. WOMAC pain Ozone — T0: 3.2+1.6; T1: 3.2+1.6.

WOMAC Stiffness HA —» T0: 2.1+1.6; T1: 1.1£0.8. WOMAC Stiffness Ozone — TO0: 2.3+2.4; T1: 1.1+1.6.
WOMAC function HA — T0: 27.6+6.6; T1: 13.1+3.2. WOMAC function Ozone — T0: 29.2+7.0; T1: 16.1+4.2.

VASHA—-T0:83+0.4; T1: 2.6 £1.2; T2:3.1£0.9; T3: 43 +1.3; T4:6.8+0.1.

VAS Ozone - T0: 7.2 +1.1; T1:3.5+1.5; T2: 5.7+ 1.2; T3: 7.3+ 1.03; T4: 7.6 + 1.1.

WOMAC total HA — TO0: 77.0 + 2.5; T1: 33.2 + 12.2; T2: 35.3 £ 10.5; T3: 44.5 + 6.6; T4: 69.3 + 4.3.
WOMAC total Ozone - T0: 76.0 £ 11.9; T1: 31.1 + 12.9; T2: 53.1 + 15.9; T3: 76.6 + 10.7; T4:77.0 +10.1.
WOMAC pain HA -»T0:16.6 + 1.1; T1: 6.1 + 2.4; T2: 7.00 + 1.74; T3:9.7 £ 1.6; T4: 14.2 £ 1.1.

WOMAC pain Ozone — T0: 16.0 + 2.7; T1: 6.6 + 3.5; T2: 11.1 + 3.4; T3:16.0 + 2.9; T4:16.2 + 2.8.
WOMAC Stiffness HA - T0: 6.0 £ 0.8; T1:2.7 +1.1; T2:3.2+1.0; T3:3.8+1.1; T4:5.4+0.7.

WOMAC Stiffness Ozone -»T0: 6.4 +1.0; T1:2.7 +1.6; T2: 4.2 +1.3; T3: 6.4 +1.0; T4: 6.5 +0.1.
WOMAC function HA —»T0: 54.3 + 1.8 ; T1: 24.3 £ 9.5; T2: 25.1 £ 8.9; T3:30.1 £5.7; T4:49.6 + 3.3.
WOMAC function Ozone =T0: 53.5 + 8.7; T1: 21.7 £ 8.6; T2: 387 £ 12.2; T3: 54.1 + 7.3; T4: 54.2 + 7.9.

VAS HA -T0: 6.93+0.68; T1:4.58+0.44; T2:2.40+0.48.
VAS 0203 —»TO0: 6.71£0.87; T1:3.98£1.10; T2: 2.40+1.41.

VAS HA —TO0: 6.3839+0.8472; T1: 4.2857+0.89285; T2: 3.0357+0.69195.
VAS 0203 —T0: 7.0089+0.55805; T1:4.553+0.57779; T2:4.1332+0.3778.

VAS HA - T0: 29.03+30.46; T1:18.33+24.80; T2: 21.33£29.18; T3:20.38+30.80; T4: 14.52+24.11.
VAS 02 — TO0: 28.89+28.73; T1:16.92+24.42; T2: 14.43£23.95; T3: 17.44£27.90; T4: 14.43+£24.47.
WOMAC pain HA — TO0: 8.2+4.2; T1: 5.3+3.7; T2: 5.7+4.2; T3: 4.6+4.8; T4: 4.5+4.2.

WOMAC pain 02 - TO: 6.8+4.7; T1:4.0+4.0; T2:4.3+3.8; T3:4.0+3.9; T4:3.7+3.9.

WOMAC Stiffness HA — T0: 2.7+1.9; T1:2.2+1.8; T2: 2.3+1.8; T3: 2.6+2.0; T4: 2.2+1.9.

WOMAC Stiffness 02 — T0: 2.7+2.3; T1:2.0£2.1; T2: 1.841.8; T3: 1.7+1.8; T4:1.7+2.1.

WOMAC function HA »T0: 22.5£15.0; T1:17.7£13.5; T2: 16.6£13.2; T3:16.7+£16.3; T4:15.1+15.8.
WOMAC function 02 -»T0: 20.6+15.5; T1: 14.4+13.8; T2: 13.84+13.9; T3: 12.6+13.5; T4: 11.1+14.2.

VAS HA - T0: 8.07+0.74; T1:5.00%1.31; T2:2.97+1.24.

VAS Ozone — T0: 8.30+0.79; T1:5.43+1.43; T2:2.63+1.12.

WOMAC total HA — T0: 60.33+10; T1:42.13+10.92; T2: 26.60+9.78.
WOMAC total Ozone — T0: 67.62+8.26; T1: 42.20+9.84; T2: 24.80+8.54.

Test of Heterogeneity

studies, the overall Standardized Mean Difference (SMD)

We performed statistical test for heterogeneity to
determine if the scoring was the same in all studies.
Cochran Q result rejected the null hypothesis that there is
no heterogeneity between studies (P<0.001). Moreover,
[ revealed that almost 98% of the variation across the
studies was because of heterogeneity rather than a
sampling error and chance. Considering the presence of
heterogeneity, we used random-effects model to conduct
the meta-analysis.

Visual Analogue Scale
Based on the random-effect model considering all 6

for VAS pain was 1.27 [95%CI: (-0.12)-2.66], which did
not show a significant difference between the groups
although it favored the HA injection [Figure 2 a; b].

After subgroup analysis, SMD for VAS pain was 1.82
[95%CI: 0.002-3.64] after 1 month (4 studies included),
1.55 [95%CI: (-0.85)-3.94] after 2-5 months (4 studies
included), and 0.193 [95%CI: (-4.56)-4.95] after 6-12
months (3 studies included). The only significant
difference between Ozone and HA was shown after
1-month follow-up favoring HA injection.

Cochran Q statistics rejected the null hypothesis
showing 98% heterogeneity between studies for the
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Table 4. Quality assessment of the included studies using the Jadad scale

OZONE VS. HYALURONIC ACID IN KNEE OSTEOARTHRITIS

Was the stud Was the study Was there a The The method of The randomization The method of
D d ibed v described description of randomization double blinding scheme double blinding  Total
escribed as
randomized?* as a double withdrawal and scheme described described and described and described and score
zed?
blind?* dropouts?* and appropriate* appropriate* inappropriate** inappropriate**
Raeissadat et
acissadat e 1 1 1 1 1 0 0 5
al. 2018 (4)
Duymus et al.
1 0 1 1 0 0 0 3
2016 (19)
Giombini et al.
1 0 0 1 0 0 0 2
2016 (17)
Invernizzi et
1 0 1 1 0 0 0 3
al. 2017 (9)
Auerbach et
1 0 1 0 0 -1 0 1
al. 2002 (18)
Momenzadeh
1 1 1 0 0 0 0 3
etal. 2014 (23)
*yes:+1;no: 0
**yes:-1;no: 0
Studies SMD (95% CI)
Babett -0.196 (-0.572,  0.181)
Duymus 3.590 (2.828,  4.353) = B
Inverninzi, 3.668 (2.677, 4.659) — .
Momenzadeh 0.381 (-0.129, 0.892) -
Subgroup 1 menth (1%2=97.34 % , P=0.000) 1.822 (0.002, 3.641) ey
Giombini 0.730 (0.133,  1.327) -
Momenzadeh, -1.815 (-2.416, -1.214) ——
Duymus, 8.756 (7.221, 10.291) ——
Babett, -0.867 (-1.260, -0.474) E 3
Subgroup 2-6 months (142=98.31 % , P=0.000) 1.549 (-0.84s6, 3.944) Bam=— g
Raeissadat -5.100 (-5.781, -4.419) —l—
Duymus; 5.727 (4.661, 6.793) —a.—
Babett; 0.008 (-0.367, 0.384) %
Subgroup >6 months (1*2=99.36 % , P=0.000) 0.193 (-4.562, 4.948) S ——
Overall (1*2=98.47 % , P=0.000) 1.269 (-0.119, 2.656) <¢:>
T : T 1

0
Standardized Mean Difference

Figure 2 a. Forest plot of VAS score favoring HA is shown.

overall VAS (P<0.001; 12=98).

WOMAC, Total score

Based on the random-effect model, Standardized Mean
Difference (SMD) for the overall WOMAC-Total score
over time was 4.13 [95%CI: 0.94-7.32], which showed a
significant difference over the time favoring HA injection.
Considering the leave-one-out analysis, there was no

significant difference in the total WOMAC score if the
6-month follow-up of Raeissadat study was omitted from
the analysis [Figure 3 a,b] (4).

After subgroup analysis separating follow-up time
points, the SMD was (-1.4) [95%CI: (-3.9)-1.1] after 1
month (including 2 studies), (-0.14) [95%CI: (-6.3)-
6.0] after 2-5 months (including 2 studies), and 15.63
[95%CI: (-8.21)-39.47] after 6-12 months (including 2
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Studies SMD (95% CI)

Qverall 1.269 (-0.119, 2.656)

- Babett 1.436 (-0.198, 3.070) ]

- Duymus 1.028 (-0.366; 2:423) .

- Inverninzi, 1.029 (-0.390, 2.448) 1

- Momenzadeh 1.370 (-0.184, 2.924) 0 i

- Giombini 1.:839. ¥-0.192; -2.853) .

- Momenzadeh, 1.584 (0.099, 3.070) .

- Duymus, 0.576 (-0.737, 1.888) ]

- Babett, 1.501 (-0.094, 3.097) [ ]

- Raeissadat 1.876 (0.651, 3.102) .

- Duymus; 0.822 (-0.521, 2.165) .

- Babett; 1.416 (-0.220, 3.052) .
T T T T T T 1
05 0 05 1 15 2 25 3

Standardized Mean Difference
b.

Figure 2 b. Result of VAS score sensitivity analysis by using leave-one-out analysis is shown.

Studies SMD (95% CI)

Duymus -0.150 (-0.622, 0.323)

Momenzadeh 22,4692 (34391, —1.994) n

Subgroup 1 month (12=97.14 % , P=0.000) -1.407 (-3.899, 1.084)

Momenzadeh, -3.258 (-4.029, -2.486) ]

Duymus, 2.983 (2.297, 3.669) [ ]

Subgroup 2-6 months (142=99.29 % , P=0.000) -0.135 (-6.250, 5.981) —_——r T

Raeissadat 27.849 (24.582, 31.116) —a—
Duymus; 3.517 2764, 4.270) |

Subgroup >6 months (1*2=99.51 % , P=0.000) 15.629 (-8.215, 39.473) —:@

~

Overall (1*2=99.1 % , P=0.000) 4.131 (0.939, .322) —_

T T 1
0 10 20 30
Standardized Mean Difference

Figure 3 a. Forest plot of WOMAC-total score favoring HA injection over time is shown.

Studies SMD (95% CI)

Overall A3 (03939 T2322) =,

- Duymus 5.244  (0.844, 9.643) u
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Figure 3 b. Result of WOMAC-total score sensitivity analysis by using leave-one-out analysis is shown.



(350)

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 8. NUMBER 3. MAY 2020

Studies SMD (95%
Babett =0:339: (=018
Duymus -0.312 (-0.787,
Subgroup 1 month (1*2=0 % , P=0.930) -0.329 (-0.625, -
Duymus, 2. 192  (2.129;,
Babett, -0.196 (-0.572,
Subgroup 2-6 months (1*2=98.3 % , P=0.000) 1.285 (-1.643,
Raeissadat 5.184. (5.033;
Duymus; 2.592 (1.952,
Babett; -0.467 (-0.848, -
Subgroup >6 months (1"2=99.15 % , P=0.000) 2.625 (-0.986,

Overall (1"2=98.26 % , P=0.000) 1.382 (0.008,

cI)

0.039)
0.163)
0.033)

3.455)
0.181)
4.213)

6.536)
3.232)
0.086)
6.236)

2.756)

OZONE VS. HYALURONIC ACID IN KNEE OSTEOARTHRITIS

=
—
<>
N
-
e ]
[
[
_._

o

Standardized Mean Difference

Figure 4 a. Forest plot of WOMAC-function score favoring HA injection is shown.
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Figure 4 b. Result of WOMAC-function score sensitivity analysis by using leave-one-out analysis is shown.

studies), all of which showed no significant difference at
any individual time point between HA and Ozone groups.

Cochran Q statistics rejected the null hypothesis
showing 99% heterogeneity between studies for the
overall WOMAC scores (P<0.001; 1*)=99).

WOMAC, Function domain

Based on the random-effect model, Standardized Mean
Difference (SMD) for the WOMAC-Function score over time
was 1.38 [95%CI: 0.008-2.76], which showed a significant
difference over time favoring HA injection [Figure 4 a; b].

After subgroup analysis separating the follow-up time
points, the SMD was (-0.33) [95%CI: (-0.62)-(-0.033)]
after 1 month (including 2 studies), 1.28 [95%CI: (-1.6)-
4.2] after 2-5 months (including 2 studies), and 2.62
[95%CI: (-0.99)-6.24] after 6-12 months (including 3
studies). The only significant difference at any time was
in the 1-month follow-up favoring Ozone injection.

Cochran Q statistics rejected the null hypothesis
showing 98% heterogeneity between studies for the
overall WOMAC-Function scores (P<0.001; 1>°=98).

WOMAC, Pain domain
Based on the random-effect model, Standardized Mean

Difference (SMD) for the overall WOMAC-Pain score
over time was 1.7 [95%CI: 0.55-2.9], which showed a
significant difference over time favoring HA injection.
Considering the leave-one-out analysis, there was no
significant difference in the overall WOMAC-Pain score
if the 3-month follow-up of Duymus study was omitted
from the analysis [Figure 5 a; b] (19).

After subgroup analysis separating the follow-up time
points, the SMD was 0.18 [95%CI: (-0.11)-(0.48)] after
1 month (including 2 studies), 4.7 [95%CI: (-4.5)-13.9]
after 2-5 months (including 2 studies), and 1.3 [95%CI:
(-0.93)-3.5] after 6-12 months (including 3 studies), all of
which showed no significant difference at any individual
time point between HA and Ozone groups.

Cochran Q statistics rejected the null hypothesis
showing 98% heterogeneity between studies for the
overall WOMAC-Pain scores (P<0.001; 1’=98).

WOMAC, Stiffness domain

Based on the random-effect model, Standardized Mean
Difference (SMD) for the overall WOMAC-Stiffness score
over time was (-0.46) [95%CI: (-1.7)-0.79], which showed
no significant difference over time [Figure 6 a; b].

After subgroup analysis separating the follow-up time
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Figure 5 b. Result of WOMAC-pain score sensitivity analysis by using leave-one-out analysis is shown.
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Figure 6 a. Forest plot of WOMAC-stiffness score is shown.
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Figure 6 b. Result of WOMAC-stiffness score sensitivity analysis by using leave-one-out analysis is shown.

points, the SMD was (-0.75) [95%CI: (-1.6)-0.104] after
1 month (including 2 studies), 1.04 [95%CI: (-3.06)-
5.1] after 2-5 months (including 2 studies), and -1.24
[95%CI: (-3.8)-1.3] after 6-12 months (including 3
studies), all of which showed no significant difference
at any individual time point between HA and Ozone
groups.

Cochran Q statistics rejected the null hypothesis
showing 98% heterogeneity between studies for the
overall WOMAC-Stiffness scores (P<0.001; 1*)=98).

Discussion

In this systematic review and meta-analysis, we studied
randomized controlled trials, which compared the effects
of intra-articular (IA) injection of ozone (or oxygen)
versus hyaluronic acid (HA) on pain and function in adult
patients with arthritis.

The results showed that VAS score, which was
measured in all six studies, did not show any significant
difference between HA and ozone. The only difference
found was at 1-month follow-up still favoring HA. All 6
studies showed significant improvement in pain with
both HA and ozone. However, their effectiveness must
be inferred cautiously because one can argue that HA
has been shown to have no more effect than intra-
articular injection of placebo (20).

Considering the leave-one-out analysis, the result in
VAS and WOMAC score did not change after omitting
Auerbach study in which they have used O, (18). It is
assumed that 0,0, breakdown turns into two products
including reactive oxygen species (ROS) and lipid
oxidation products (LOP). These products decrease the
release of proteolytic enzymes and proinflammatory
cytokines and increase the synthesis of chondrocyte,
fibroblasts, superoxide dismutase (SOD), glutathione
peroxidase (GSH-Px), and catalase (21).

Duymus et al. and Invernizzi et al. reported more
rapid pain relief with ozone, but the pain relief with
HA stayed longer. This was also shown by continuing
decline in VAS score after 1 month in the HA group
while the VAS score started to increase after 1 month
in the ozone group (9, 19). The rapid effect of ozone is
attributed to the anti-inflammatory effect by declining

the inflammatory cytokines and the following intra-
articular edema (4). HA is also thought to have this
effect while reducing cartilage damage. This has been
shown by Listerat et al. where they reported slower
progression of OA after HA injection (22). Pasquali
et al. also reported reduction of inflammation with
structural repairing changes six month after injection
(23). Giombini et al. included the third group receiving
both HA and ozone injection. This group showed higher
improvement at 2 months in compare to HA and ozone
groups (17). The rationale behind a combined injection
is still debatable and is not suggested by this meta-
analysis.

In our analysis after omitting the study by Momenzadeh
et al., overall VAS pain showed a significant difference
over the time favoring HA. This could be due to inclusion
of grades [ and II of knee OA in this study while the other
5 studies included grades I and III (24).

Total WOMAC score, which was measured in four
studies, showed a significant difference between the two
groups over the time favoring HA. However, after omitting
the Raeissadat et al. study, there would be no significant
difference (4). This result can be attributed to the large
sample size of their study. Interestingly, they did not
find any significant difference in their own study. In the
analysis of the three domains of WOMAC, changes in pain
and function domains showed significant differences
favoring HA while changes in stiffness domain showed
no significant difference.

There are also limitations in our study. Because of
the limited number of the studies, we had to include
all RCTs although the quality of some studies is not
high enough. Also, available RCTs did not study the
long-term effect of the two modalities. Probably the
cost benefit study of each modality can be assessed
to better help in decision-making. The strength of our
study is that we managed to find the full texts and
include all 6 available studies in different languages.
A similar systematic review was published recently
including only 4 studies of our review that were in
English (25).

This systematic review and meta-analysis showed
no significant difference between HA and ozone in
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reducing pain and improving function in patients
with knee OA, although the overall results favored HA
more than ozone. Since previous studies have shown
comparable results between HA and placebo, ozone
seems to fall in the same category with more placebo
effect than a real disease-modifier. The monetary
burden of ozone injection on the patients and the
government should be weighed against the amount and
longevity of improvement.
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