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Abstract

Context: This systematic review and meta-analysis evaluated the effect of the intra-articular injection of platelet-rich plasma (PRP)
and oxygen-ozone therapy and provided an evidence-based methodology to treat KOA.
Method: Databases, including Cochrane Library, PubMed, and EMBASE, were searched. The retrieval period was before 2021. Two
reviewers performed the process of screening and data extraction. Mean differences were calculated [95% confidence interval (CI)]
with an inverse-variance method and fixed effect model. Meta-analysis was performed using the latest version of STATA version 16.
Results: A total of 12 studies out of 769 articles were evaluated. The mean difference of visual analog scale score between ozone and
control groups in the first month after injection was -0.02 (MD, -0.02; 95% CI: -0.32, 0.28; P < 0.05). Mean differences of WOMAC pain,
stiffness, and physical function score between baseline and after PRP were -3.53 (MD: -3.53; 95% CI: -4.04, -3.02; P = 0.00), -0.60 (MD:
-0.60; 95% CI: -4.0 - 0.864, -0.34; P = 0.00), and -5.96 (MD: -5.96; 95% CI: -7.83, -4.09; P = 0.00).
Conclusions: Our results showed that to treat knee osteoarthritis, using PRP for a longer period of 6 - 12 months after the interven-
tion shows better clinical results, while oxygen-ozone therapy has short-term results.
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1. Context

Knee osteoarthritis (KOA) may be a predominant knee
degenerative disorder in which cartilage degeneration,
joint instability, subchondral bone hyperplasia, impaired
function, and knee pain are observed (1). KOA consider-
ably influences the quality of life and may be a broad pub-
lic well-being concern (2). The incidence of KOA in the
United States has doubled since the mid-twentieth century
(3). This disease has caused a significant negative effect
on people’s performance. The first-line treatment for KOA
recommended by the Osteoarthritis Society International
(OARSI) is conservative (4). Non-pharmacologic conserva-
tive treatments include muscle exercise and general exer-
cise. However, non-drug methods are mainly challenging
to control (5). Corticosteroid injections, analgesics, and
nonsteroidal anti-inflammatory drugs (NSAIDs) are the
primary pharmacologic treatments. Although the men-
tioned medications have been successful, they have side ef-
fects (6).

Recently, considerable studies have been conducted on
the intra-articular injection of platelet-rich plasma (PRP)
and oxygen-ozone therapy for KOA treatment. Many inves-
tigations reported that the intra-articular injection of PRP
and oxygen-ozone therapy could alleviate pain in patients
with KOA (7, 8). Research showed that PRP might be a use-
ful treatment for mild to moderate KOA (9). The ozone (O3)
structure is gaseous, consisting of three oxygen atoms (10).
Based on the existing literature, it has been predicted that a
suitable oxygen-ozone mixture can reduce pain, have pro-
tective effects on cartilage, and decrease oxidative stress.
Therefore, it can be used as an alternative to other injection
methods (11).

2. Objective

This systematic review and meta-analysis investigated
the effect of the intra-articular injection of PRP and at-
tempted to provide an evidence-based methodology to
treat KOA.
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3. Methods

The present study is based on the PRISMA guideline
used for systematic studies and meta-analysis (12), along
with a patient, intervention, comparison, and outcome
(PICO) strategy to answer the research questions. The
databases PubMed, Cochrane Library, and EMBASE were
searched. The retrieval period was papers published until
2021. Two reviewers performed the process of screening
and data extraction. The MeSH terms searched on PubMed
were ["Platelet-Rich Plasma"(Mesh) AND "Ozone"(Mesh)]
AND ["Osteoarthritis"(Mesh) OR "Osteoarthritis,
Knee"(Mesh)] AND ["Knee Joint"(Mesh) OR "Knee"(Mesh)
OR "Osteoarthritis, Knee/classification"(Mesh) OR
"Osteoarthritis, Knee/diagnosis"(Mesh) OR "Os-
teoarthritis, Knee/diagnostic imaging"(Mesh) OR
"Osteoarthritis, Knee/drug therapy"(Mesh) OR "Os-
teoarthritis, Knee/radiotherapy"(Mesh) OR "Os-
teoarthritis, Knee/surgery"(Mesh) OR "Osteoarthritis,
Knee/therapy"(Mesh)].

Other databases were searched for the keywords “PRP”,
“platelet-rich plasma”, “knee osteoarthritis”, “KOA”, “O-
zone therapy”, and “ozone injection”.

3.1. Inclusion and Exclusion Criteria

3.1.1. Inclusion Criteria

Randomized controlled trials (RCT), cohort studies,
and clinical trials performed on oxygen-ozone therapy,
and PRP in humans published in English were included.

3.1.2. Exclusion Criteria

The exclusion criteria entailed meeting abstracts, re-
view articles, in vitro studies, case reports, duplicate publi-
cations, information overlap, and articles with incomplete
data.

3.1.3. PICO Strategy

- Patients: Patients with a precise diagnosis of KOA
- Interventions: Intra-articular injection of PRP and

oxygen-ozone therapy
- Comparison: Control group
- Outcome: WOMAC score, pain, stiffness, and physical

function

3.2. Study Selection, Data Extraction, and Analysis Method

The extracted data in this investigation were author
name, distribution year, sample size, mean age, inter-
vention measures, radiographic classification, and out-
come indicators of the clinical effect of the intervention.
Newcastle-Ottawa Scale (NOS) (13) was applied to assess the

quality and the risk of the bias of cohort studies. Three
measurements are measured on this scale (determination,
outcome, and comparability of cohorts) with nine items
this scoring is graded as: 1 - 3, low; 4 - 6, medium; 7 - 9, high
quality.

The Cochrane collaboration tool (14) was utilized to
evaluate the quality and the risk of the bias of RCTs. The
score of this scale was 1 for low risk and 0 for high and
uncertain risk. Scale scores are 0 - 6, with a higher score
showing higher quality. Mean differences (95% CI) with an
inverse-variance method and fixed effect model were de-
termined. Random effects were also examined for address-
ing potential heterogeneity, with a coefficient of I2 indicat-
ing heterogeneity and a coefficient of more than 50% indi-
cating moderate to high heterogeneity. Meta-analysis was
performed using the STATA version 16.

4. Results

4.1. Searching Database

First, the search was performed using primary key-
words, and 769 studies were found in the database. After
removing the duplicate studies found in the databases, 703
studies were selected to review the abstracts. Following
studying the abstracts based on the inclusion and exclu-
sion criteria, 622 papers were removed, and the full texts
of 82 articles were reviewed. Next, 71 papers were deleted at
this stage, and only 11 studies were selected to be included
in the current meta-analysis (Figure 1).

4.2. Characteristics of Studies

4.2.1. Oxygen-Ozone Therapy

Six RCTs were selected for meta-analysis and systematic
review. The total number of cases in the ozone group was
251 (53 male and 198 female), with a mean age of 63.75 ± 7.11
years. The total number of cases in the control group was
235 (60 male and 175 female), with a mean age of 59.57 ± 6.9
years (Table 1).

4.2.2. Platelet-Rich Plasma

Six RCTs were selected for the systematic review and
meta-analysis. The total number of cases in the PRP group
was 251 (112 male and 139 female), with a mean age of 58.77
± 5.12 years. The number of cases in the control group was
230 (113 male and 117 female) with a mean age of 59.20 ± 6.5
years (Table 1).
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Figure 1. PRISMA flowcharts

4.3. Bias Assessment

Reviewing the quality of studies by the Cochrane Col-
laboration tool revealed that all selected studies had a low
risk of bias. Therefore, the quality of studies was regarded
as high (Figure 2) (15-26).

4.4. VAS Score of the Ozone and Control Groups On the First and
Sixth Months Post-injection

Mean differences of VAS score between the ozone and
control groups on the first month after injection was -0.02
(MD: -0.02; 95% CI: -0.32, 0.28; P < 0.05) (I2 = 87.26%; P
= 0.00). A significant difference was found between the
ozone and control groups (Figure 3A).

4.4.1. Subgroup Meta-analysis

The test of subgroup differences between groups
showed a statistically significant difference (P = 0.00). VAS
score was reduced in the ozone and control groups.

Mean differences of VAS score between ozone and con-
trol groups on the sixth month after injection was 1.05 (MD:
1.05; 95% CI: 0.75, 1.35; P > 0.05) (I2 = 97.67%; P = 0.00). No sig-
nificant difference was found between the ozone and con-
trol groups (Figure 3B).

4.5. WOMAC Score of the Ozone and Control Groups on the First,
Third, Sixth, and Ninth Months Following Injection

4.5.1. Pain

The mean difference of WOMAC/pain score between
the ozone and control groups in the first month after in-
jection was -0.15 (MD: -0.15; 95% CI -1.05, 0.76; P < 0.05)
with low heterogeneity (I2 = 0%; P = 0.91). A significant
difference was found between the pain of ozone and con-
trol groups. The mean difference of WOMAC/pain score be-
tween the ozone and control groups in the third month
after injection was 2.01 (MD: 2.01; 95% CI 1.5, 2.5; P < 0.05)
with high heterogeneity (I2 = 94.85%; P = 0.00). Pain in

Anesth Pain Med. 2022; 12(4):e127121. 3
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Table 1. Demographic and Clinical Information on RCTs

Variables Study Study Design

Number of Participants Age (Mean ± SD)

Scale

Groups

Intervention Control
Intervention Control Control Intervention

Male Female Male Female

Oxygen-ozone
Therapy

Babaei-Ghazani
et al. (15)

RCT 3 28 7 24 59.65 ± 10.2 56.26 ± 7.8 WOMAC, VAS,
ROM, effusion on
US images

Corticosteroids Ozone

Raeissadat et al.
(16)

RCT 17 50 18 56 58.1 ± 6.4 38.5 ± 8 VAS and Lysholm
score

HA Ozone

Feng and Beiping
(17)

RCT 15 20 18 23 64.57 ± 6.7 62.2 ± 7.5 VAS and Lysholm
score

Celecoxib and
glucosamine

Ozone

Lopes de Jesu et
al. (18)

RCT 8 53 9 26 70.5 ± 7.2 69.5 ± 7.6 VAS, SF-36, Placebo Ozone

Duymus et al.
(19)

RCT 4 31 1 33 59.4 ± 5.7 60.3 ± 5.1 VAS and WOMAC
score

HA Ozone

Invernizzi et al.
(20)

RCT 6 16 7 13 70.3 ± 6.5 70.7 ± 5.4 VAS, OKQ, SF-12,
and EuroQoL

HA Ozone

Platelet-rich
plasma

Rahimzadeh et
al. (22)

RCT 21 21 65.5 ± 6.64 64.3 ± 5.31 WOMAC Scores Prolotherapy PRP

Yu et al. (23) RCT 50 54 48 40 46.2 ± 8.6 51.5 ± 9.3 WOMAC, AE HA PRP

Duymus et al.
(19)

RCT 4 31 1 33 59.4 ± 5.7 60.3 ± 5.1 VAS and WOMAC
score

HA PRP

Rahimzadeh et
al. (24)

RCT 15 12 13 14 63.67 ± 9.6 61.26 ± 4.2 WOMAC Scores PRP and
Somatropin

PRP

Abate et al. (25) RCT 21 19 31 9 60.9 ± 9 56.7 ± 11.2 VAS, AE PRP and HA PRP

Rahimzadeh et
al. (26)

RCT 11 13 9 11 56.95 ± 8.3 61.15 ± 7.4 VAS Scores Erythropoietin PRP

Abbreviations: PRP, Platelet-rich plasma; HA, hyaluronic acid.

the ozone group was significantly different from the con-
trol group. The mean difference of WOMAC/pain score be-
tween the ozone and control groups on the sixth month
post-injection was 2.37 (MD: 2.37; 95% CI: 1.94, 2.81; P > 0.05)
with high heterogeneity (I2 = 98.91%; P = 0.00). No signifi-
cant difference was found in pain between the ozone and
control groups. The mean difference of WOMAC/pain score
between ozone and control groups on the 12th month af-
ter injection was 4.36 (MD: 4.36; 95% CI: 3.53, 5.18; P > 0.05)
with a low heterogeneity (I2 = 0%; P = 0.34). Pain was not sig-
nificantly different between the ozone and control groups
(Figure 4).

4.5.2. Stiffness

Mean difference of WOMAC stiffness score between the
ozone and control groups on the first month after injec-
tion was -0.10 (MD: -0.10; 95% CI: -0.51, 0.31; P < 0.05) with
a low heterogeneity (I2 = 0%; P = 1.00). A significant differ-
ence was found in stiffness between the ozone and control
groups.

Mean difference of WOMAC stiffness score between
the ozone and control groups on the third month post-
injection was 1.20 (MD: 1.20; 95% CI: 0.82, 1.58; P < 0.05)
with a low heterogeneity (I2 = 0%; P = 1.00). A significant
difference was found in stiffness between the ozone and
control groups. The mean difference of WOMAC stiffness
score between the ozone and control groups in the sixth
month after injection was 2.01 (MD: 2.01; 95% CI: 1.78, 2.23;

P > 0.05) with high heterogeneity (I2 = 98.94%; P = 0.00).
Stiffness was not significantly different between the ozone
and control groups. Mean difference of WOMAC stiffness
score between the ozone and control groups on the 12th
month post-injection was 1.80 (MD: 1.80; 95% CI: 1.56, 2.04;
P > 0.05) with a low heterogeneity (I2 = 0%; P = 1.00). No sig-
nificant difference was observed in stiffness between the
ozone and control groups (Figure 5).

4.6. WOMAC Score on the Baseline and After PRP

4.6.1. Pain

Mean difference of WOMAC pain score between base-
line and after PRP was -3.53 (MD: -3.53; 95% CI: -4.04, -3.02;
P = 0.00) with a high heterogeneity (I2 = 99.19%; P = 0.00).
Baseline pain and post-PRP pain were significantly differ-
ent (Figure 6A).

4.6.2. Stiffness

Mean difference of WOMAC stiffness score between
baseline and after PRP was -0.60 (MD: -0.60; 95% CI: -4.0 -
0.864, -0.34; P = 0.00) with a high heterogeneity (I2 = 98.21%;
P = 0.00). A significant difference was detected in stiffness
between the baseline and after PRP (Figure 6B).

4.6.3. Physical Function

Mean difference of WOMAC physical function score be-
tween baseline and after PRP was -5.96 (MD: -5.96; 95% CI:

4 Anesth Pain Med. 2022; 12(4):e127121.
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Figure 2. Risk of bias assessment [Cochrane Collaboration’s tool (14)]

-7.83, -4.09; P = 0.00) with a high heterogeneity (I2 = 99.01%;
P = 0.00). A significant difference was observed in physical
function between the baseline and post-PRP (Figure 6C).

5. Discussion

KOAs reduce patients’ quality of life and have psycho-
logical and physical effects on elderly patients (27). KOA
is gradually becoming prevalent, especially in the elderly
population, and is a challenge that has become a serious

Anesth Pain Med. 2022; 12(4):e127121. 5
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Figure 3. A, Forest plot showed the VAS score of the ozone and control groups in the first month after injection; B, Forest plot showed the VAS score of the ozone and control
groups on the sixth month following the injection.
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Figure 4. Forest plot showed WOMAC score/pain of the ozone and control groups on the first, third, sixth, and twelfth month following injection.

health issue worldwide (28). No conservative treatment
has been reported for KOA (29). Although surgery can
be an effective treatment, it can only be applied to cases
with severe KOA (30). PRP and oxygen-ozone therapy for
KOA may be expensive and complicated. Moreover, the re-
covery period in surgical treatment is long, and there are
some unavoidable risks and complications (31). Therefore,
further investigations are required to assess novel strate-
gies and treatments for KOA. PRP and oxygen-ozone ther-
apy have recently received much attention for KOA treat-
ment (32, 33). PRP is prepared by centrifuging autolo-

gous blood, and the platelet level can be increased approx-
imately 10-fold, which consists of about 1500 proteins re-
sulting in the release of growth factors and macrophages
following activation, which reduces the inflammatory re-
sponse and articular cartilage repair and regeneration (34,
35). Oxygen-ozone therapy can be beneficial in KOA man-
agement. When injected into the knee, reactive oxygen
species and lipid oxidation products are produced. The
resulting molecules inhibit or reduce the proteolytic en-
zymes and diminish the release of proinflammatory cy-
tokines (36).

Anesth Pain Med. 2022; 12(4):e127121. 7
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Figure 5. Forest plot showed WOMAC score/Stiffness of the ozone and control groups on the first, third, sixth, and twelfth month after injection.

We evaluated the efficacy of oxygen-ozone therapy and
PRP in treating KOA. To assess the effectiveness of oxygen-
ozone therapy, it was compared with interventions, such as
hyaluronic acid (HA) injections, placebo, and medications.
The present meta-analysis showed that oxygen-ozone ther-
apy is effective for a short time, especially in 1 - 3 months
after oxygen-ozone therapy. However, after one year, it is
not different from the control group. Six months following
oxygen-ozone therapy, its therapeutic efficacy decreased.

It is noteworthy that these findings were observed in all
WOMAC subscales and VAS scores. However, due to the
high heterogeneity between studies, investigations should
be conducted with the same procedure and similar follow-
up periods to confirm this evidence. Duymus et al. in
2017 (19) showed that ozone was significantly less effec-
tive than HA after three months, and ozone efficacy disap-
peared 6 months after injection, while the clinical effect
of HA continued. Raeissadat et al. in 2018 conducted a

8 Anesth Pain Med. 2022; 12(4):e127121.
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Figure 6. Forest plot showed: A, WOMAC score/pain between baseline and after PRP; B, WOMAC score/stiffness between baseline and after PRP; C, WOMAC score/physical
function between baseline and after PRP.

Anesth Pain Med. 2022; 12(4):e127121. 9
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systematic review and meta-analysis, reporting similar re-
sults to the findings of the present study (37). Sconza et
al. (38), in 2020, in a systematic review of RCTs, evaluated
eleven RCTs and reported oxygen-ozone therapy as a safe
approach with incentive effects on pain control and short-
term performance improvement. Another randomized,
single-blind study was performed by de Sire et al. on the
long-term influence of intra-articular oxygen-ozone ther-
apy compared with HA in patients with KOA. Out of 42 pa-
tients, 22 underwent O2O3, and 20 were in the HA group.
Both O2O3 and HA groups showed a significant reduction
in VAS, while the HA group had significantly lower VAS (39).
Paolucci et al. evaluated the effect of focal vibration and
intra-articular oxygen-ozone therapy in KOA. The MRC, VAS,
and KOOS scores significantly improved in the O2O3-mFV
compared to the O2O3 group. The analysis demonstrated
that all scores were better over time compared to the base-
line, even one month post-treatment (40).

Present meta-analysis demonstrated that PRP has a
long-term effect. Hohmann et al. (41), in a meta-analysis
and systematic review in 2020, suggested that PRP was su-
perior to HA for symptomatic knee pain in 6 and 12 months.
A systematic review of the literature comparing the safety
and efficacy of PRP reported that PRP had long-term effec-
tiveness (42). The results of the studies are consistent with
the present investigation. However, due to the high hetero-
geneity between RCT studies, which has been noted in all
previous studies, research with similar methodologies and
follow-up periods are required.

Bennell et al. reviewed the studies on PRP in 2012, and
15 RCTs in KOA and three in hip OA that compared PRP
with other intra-articular injection therapeutic methods
were evaluated. Overall, the results of this investigation
showed that PRP could be used as a safe treatment that can
offer symptomatic benefits for OA, specifically in a short
period. Patients with less severe osteoarthritis who were
younger were more responsive. They found that no defini-
tive conclusions could be made from these 15 RCTs about
the effects of PRP on OA (43). Gilat et al. conducted a
study on the effect of HA and PRP on KOA. These authors
found that both PRP and HA were effective in the treatment
of symptomatic KOA. HA injections could provide short-
term improvement, while PRP could offer better therapeu-
tic relief, specifically with the administration of leukocyte-
poor (LP-PRP) formulations. According to the limited avail-
able information, various formulations of HA-PRP conju-
gates are predicted to offer a synergistic effect, leading to a
clinically considerable improvement in both function and
pain (44). The present study had some limitations, such as
differences in follow-up period that caused the results to
be different, variable research methods, the different con-

trol groups in the studies, high heterogeneity between the
findings, and small sample size in some studies. Future in-
vestigations should be performed with the same method-
ology, a control group similar to other studies, and a com-
parison of oxygen-ozone therapy and PRP.

5.1. Conclusions

According to the findings of the current study, for treat-
ing KOA, using PRP for a longer period of 6 - 12 months post-
intervention shows better clinical results. On the other
hand, oxygen-ozone therapy has short-term outcomes.
Therefore, it can be stated that PRP is a superior treat-
ment to oxygen-ozone therapy in the treatment of KOA.
Further RCTs comparing PRP versus oxygen-ozone therapy
are needed to confirm the present evidence.
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