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Abstract

Background: Platelet rich plasma (PRP) has been applied for a long time in osteoarthritis (OA). Although there are studies about PRP that
examining the effectiveness with agents such as hyaluronic acid and corticosteroid, there are few published literature comparing with ozone
therapy (OT). The aim of this study is to compare the pain severity and functional status of OA patients undergoing intraarticular ozone and PRP
injections. Methods: In a study which is made as prospective, randomized controlled study (RCS), 49 patients were included the study. In the
first group (n = 24) OT, in the second group (n = 25) PRP injections were administered intraarticularly 3 times in total with one week intervals.
Visual pain scale (VAS) and severity of pain were compared with Western Ontario McMaster Osteoarthritis Index (WOMAC). Results: In the
PRP group, WOMAC pain, physical function and WOMAC total score were significantly lower than the OT group (p < 0.05). Although VAS
score decreased significantly (p < 0.05) after treatment in both groups compared to pretreatment, the VAS score in the PRP group was
significantly (p < 0.05) lower than the OT group after treatment. Conclusion: Our study contributes to the literature in terms of limited

publication about OT. However, this study shows that the results of PRP treatment are superior to OT in the treatment of knee OA.
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Introduction

Osteoarthritis (OA) is a complex process involving cartilage
degeneration, synovitis, subchondral bone formation, capsular
hypertrophy, and soft tissue ruptures involving the entire joint, as
well as inflammatory mediators. Although OA can affect all joints,
the most commonly affected joint is the knee joint. Due to pain and
limitation of movement, it prevents the daily activities of the
patient and reduces the quality of life. The incidence of OA
increases with age “?. Some conditions that cause pain in patients
with OA; joint effusion, bursitis and spasm in the surrounding
muscle tissues. Because there are no nociceptive receptors, hyaline
articular cartilage is not a factor for pain. In OA, pain is caused by
a combination of multifaceted etiologies both inside and outside
the joint ®°. Joint pain in patients with OA results from the
activation of A-6 mechanoreceptors and C-polymodal nerve
endings in synovium and surrounding structures, except joint
cartilage in the knee ["). The perception of pain is carried through
the spinal nerves and occurs in the thalamus and somatosensory
cortex. Suppression P is released from myelin-free sensory neurons
in the synovium. In patients with OA, suppression P was
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determined in the synovium and synovial fluid, and this substance
may play a role in the activation of synovial and inflammatory
cells, secretion and strengthening of inflammatory mediators [©.
The pathogenesis of the disease is attributed to the deterioration of
the balance between cartilage matrix synthesis and destruction. In
synovial fluid analysis, proteolytic enzymes, reactive oxygen
radicals and lipid peroxidation products were determined to be
responsible for cartilage matrix destruction. As the degeneration
progresses, the ratio of hyaluronic acid (HA), molecular weight,
viscoelasticity, shock absorber and lumbrikan property in synovial
fluid decreases %, Treatment methods in knee OA are various
and patient  education, rest, preventive  precautions,
pharmacological treatment, physical therapy and surgical treatment
methods can be used alone or in combination according to the
stages of the disease [**'. Surgical treatment is preferred in patients
with advanced degeneration, while conservative methods are
preferred in the early stages. Intra-articular injections positively
affect pain and functional status in gonarthrosis 2. HA,
radioisotopes, botilinumtoxin A, tropisetron, and tanezumab are
agents that are used to rapidly infiltrate the knee and improve the
intra-knee biochemical structure by reducing the pain and
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improving the intraarticular damage by regeneration. Although
many studies have been published examining the efficacy of these
agents, no clear conclusions have been reached as to how effective
they are **l. The use of agents containing growth factors of
autologous origin is therefore becoming increasingly common.
PRP is a platelet-rich plasma fraction in the upper part of
autologous blood. It is a new treatment option in modern medicine
called “ortho biologicals”. The goal of this treatment is to stimulate
the body's ability to repair and regenerate. Today, it is of great
interest as a safe, non-invasive biological treatment area for OA
and musculoskeletal repair. PRP was centrifuged to the patient's
own blood; active, platelet-rich part is obtained by separation. The
resulting material is applied to the damaged tissue by injection. In
PRP, it is aimed to stimulate bone and soft tissue repair by
introducing autologous platelets at the suprafysiological
concentration to the damaged tissue. PRP is a promising treatment
option for future regenerative therapies due to its ease of
preparation, administration and reliability ">, Intra-articular
ozone is a long-term treatment; however, the number of literature
on this subject is very limited. It is thought to increase blood flow
and oxygenation in tissues with OT, inflammation and pain and
provide better joint mobility by removing metabolic wastes in the
affected  joints. Again, it has  anti-inflammatory,
immunomodulatory, anti-edemic and antioxidant effects. Studies
have shown that intraartricular OT is associated with decreased
pain and improved quality of life in patients with knee OA.
Intraartricular OT is a minimally invasive and well-tolerated
procedure in patients with insufficient clinical response to
conservative treatments or with physiotherapy contraindicated ™
I In this study, we aimed to compare the pain and functional
effects of intraarticular PRP and OT in knee OA.

Materials and Methods

In this study, 50 patients who were admitting to the physical
medicine and rehabilitation clinic between July 2019 and
December 2019 with knee pain and diagnosed as stage 2-3 Knee
OA according to Kellgren-Lawrence classification were included.
In this prospective study, patients were randomly divided into two
groups. In the first group, intraarticular ozone was injected for a
total of 3 sessions one week apart and PRP was injected in the
second group. Each patient before and 1 month after treatment was
evaluated with VAS score in terms of pain, with WOMAC score in
terms of functional. Informed patients about the study, informed
consent of the patients and ethical committee approval of our study
were obtained. The individual rights of the patients were respected
throughout the study, adhering to the principles of the Helsinki
Declaration. Inclusion criteria were; According to the Kellgren-
Lawrence classification, to be grade 2 or 3 primary Knee OA , to
be in between the ages of 35-65, and NSAIDs did not relieve pain.
Patients with stage 1 or 4 knee OA, who had previously received
intra-articular injection treatment such as steroids, HA, PRP, OT,
had a history of previous knee surgery, autoimmune disease,
thrombocytopenia, a history of malignancy, and active infection
were not included in the study.

Procedures:

The first group received OT once a week for a total of 3 weeks
under sterile conditions. After local anesthesia was provided with 2
ml 2% lidocaine by the aseptic technique on the lower outer edge
of the patella, the joint space was entered with a 22 G needle and
15 ml 20 pg / ml OT was applied and the knee joint was flexed and
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extension movements were dispensed within the joint. The second
group received PRP treatment once a week for a total of 3 weeks.
PRP was prepared and administered in all patients under the same
conditions. A total of 10 cc of peripheral blood from the antecubital
region was taken into 3.2% sodium citraticeren tubes. Samples
were centrifuged at 3200 rpm for 10 minutes at room temperature
(Eppendorfcentrifuge 5702, Hamburg Germany). The resulting 2
ml PRP was injected into the joint after sterile conditions with local
anesthesia with 2 ml 2% lidocaine by aseptic technique from the
lower outer edge of the patella.

Evaluation Criteria:

Pain assessment: VAS was used for pain assessment. A 10 cm
segmented line was used to determine the severity of pain. Zero
value indicates absence of pain and 10 value indicates intolerability
of pain. The measured value was recorded in the patient follow-up
form.

Functional ~ Assessment:  Functional assessment was
performed with WOMAC. In this index, pain, stiffness and
difficulties in daily living activities of the patients in the last 48
hours are questioned using a five point likert scale. The total score
is 0-20 for pain, 0-8 for stiffness, 0-68 for difficulties in daily
living activities. The lower the score, the better the functional level,
the higher the scores indicate that the high disease activity. The
Turkish validity and reliability of the index have shown by Tizln
etal. %,

Statistical Methods: Mean, standard deviation, median,
minimum, maximum value were used for descriptive statistics. The
distribution of variables was checked with kolmogorov-simirnov
test. Mann-Whitney U test was used for the comparison of
quantitative data. Wilcoxon test was used for the repeated
measurement analysis. Chi-Square test was used for the
comparison of the qualitative data. SPSS 26.0 was used for
statistical analyzes. Statistical significance was defined as p < 0.05

Results

The age and gender distribution of the patients in the ozone and
PRP treatment groups did not differ significantly (p > 0.05). (Table
1)

WOMAC pain score decreased significantly (p < 0.05) after
treatment in both groups compared to pretreatment. The WOMAC
pain score was significantly (p < 0.05) lower in the PRP group after
treatment than in the OT group. (Table 1)

WOMAC stiftness score decreased significantly (p < 0.05)
after treatment in both groups compared to pretreatment. WOMAC
hardness score decrease did not show significant (p < 0.05)
difference after treatment in OT and PRP treatment groups. (Table
1)

WOMAC physical function score decreased significantly (p
< 0.05) after treatment in both groups compared to pretreatment. In
the PRP group, WOMAC physical function score after treatment
was significantly lower than the OT group. (Table 1)

In both groups, WOMAC total score decreased significantly
(p < 0.05) after treatment compared to pretreatment. The WOMAC
total score was significantly lower in the PRP group after treatment
than in the OT group. (Table 1)

In both groups, VAS score decreased significantly (p < 0.05)
after treatment compared to pretreatment. The VAS score in the
PRP group was significantly lower than the OT group (p < 0.05).
(Table 1)
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Table 1
Ozone Treatment PRP Treatment
Meanzsd/n-% Median Meanzsd/n-% Median P
Age 53,2 + 7,7 54,0 53,6 + 82 55,0 0,826 m
Female 12 50,0% 12 48,0%
Gender 0,889 *
Male 12 50,0% 13 52,0%
WOMAC Pain
Before Treatment 12,0 + 37 12,0 11,3 + 36 10,0 0,501 m
After Treatment 7,0 + 33 6,5 19 + 15 2,0 0,000 m
Before/After Difference 5,0 t 46 3,0 9,4 t 37 9,0 0,001 m
Intra Group Difference 0,000 " 0,000 "
WOMAC Hardness
Before Treatment 2,2 + 09 2,0 19 + 12 2,0 0,444 m
After Treatment 0,7 + 0,6 1,0 0,4 + 06 0,0 0,116 m
Before/After Difference 1.5 + 09 1,0 15 + 10 2,0 0,892 "
Intra Group Difference 0,000 " 0,000 v
WOMAC Physical Funcitons
Before Treatment 402  + 92 38,0 40,4 + 112 440 0944  m
After Treatment 9,9 £ 59 10,0 58 £ 57 4,0 0011 ™
Before/ After Difference 303 + 89 30,0 346  + 129 380 0258  m
Intra Group Difference 0,000 v 0,000 "
WOMAC Total
Before Treatment 566  + 124 547 55,9 + 141 583 093 ™
After Treatment 18,2 + 64 20,3 10,0 + 96 7,3 0,000 m
Before/After Difference 38,4 + 97 40,1 45,8 + 16,6 52,1 0,136 m
Intra Group Difference 0,000 v 0,000 "
VAS
Before Treatment 6,0 £ 17 6,0 6.8 + 10 7,0 0069 ™
After Treatment 31 £ 13 30 11 £ 08 10 0000 ™
Before/After Difference 2.9 t 16 3,0 57 + 13 6,0 0,000 "
0,000 w 0,000 w

Intra Group Difference

™ Mann-whitney u test / ¥ Wilcoxon test / ** Chi-square test

Discussion

Due to increasing obesity and prolonging the life expectancy in the
society, the incidence of knee OA is increasing. In recent studies,
symptomatic OA has been reported in 13% of people in the
community over 60 years of age *Y/. Until recently, it has been
recommended that therapies should be aimed at preventing the
progression of the disease at an early stage, since the damage
caused by the knee OA within the joint is irreversible. The
discovery that growth factors, stem cells and various cytokines
have a positive effect on regeneration has destroyed this taboo.
However, it remains a mystery that which agent should be used for
which patient, and how much ?, Different treatment options are
applied according to stages in knee OA. Intra-knee injections,
physiotherapy and non-steroidal anti-inflammatory drugs are
commonly used conservative treatment methods. The use of intra-
knee injections in clinical practice is increasing. PRP is the easiest
agent to obtain compared to other autologous biological agents.
PRP; include factors such as platelet-derived insulin-like growth
factor, fibroblast growth factor, platelet-derived growth factor,
epidermal growth factor, vascular endothelial growth factor. These
factors suppress inflammation, stimulate the removal of necrotic
cells and help tissue reconstruction. Because of these properties,
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not only in orthopedic pathologies, but in many different areas of
self-use of this agent has found many different disciplines have
reported very successful results . With the effect of growth
factors, PRP stimulates local stem cells and activates restorative
cells in the bone marrow by circulation. PRP also increases the
tenocyte proliferation at the site of injury by providing re-
vascularization with the growth factors it contains and plays an
active role in increasing the collagen expression in the tenocytes
(241, PRP is available with ready-made kits or manually. Anitua et
al. Reported that platelet counts above 300,000 / pl in PRP were
effective !, In another in vitro study, it is stated that platelet
concentration is most effective when it is 2.5 times higher than
basal platelet count “°!, The prepared PRP is activated by adding
bovine or human thrombin or calcium chloride. Growth factors and
cytokines are released by the formation of platelet gel from
activated PRP. Some authors have used PRP without activating it
(7] There is no consensus on the ideal volume, frequency of
administration, period of administration, or platelet activation for
the administration of PRP *!. In our study, PRP was prepared with
ready kit (PRP S & M, STR Bio Medical Technologies, Corum /
Turkey). In the analysis of the prepared PRP, it was found that it
was 5 times higher than the platelet count in the peripheral blood
and calcium chloride was not added to the prepared PRP for
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activation. In a study comparing PRP and hyaluronic acid HA
injections with 175 patients by Giiler et al., they reported that they
received 3 injections of 2 ml plasma and buffycoat compound after
the procedure in a total of one week apart, and achieved a
significant improvement in PRP and VAS scores compared to HA
patients. “”'. In a study comparing PRP and HA injections with 120
patients by Cerza et al., they administered a total of 5, 5 ml of
plasma and buffycoat compound to 4 injections one week apart,
and reported that they achieved more improvement in pain and
function with PRP %, Ozone (03) is an unstable, strong oxidizing
gas consisting of three oxygen atoms with antiseptic,
immunomodulatory, analgesic and anti-inflammatory properties.
Ozone, a colorless, pungent gas, is also a chemical derivative of
oxygen %2 The first use of ozone in medicine was carried out by
Fisch in 1932. In 1935, Payer examined the contribution of OT to
surgical treatment. Today, OT can be used in different branches
with different indications. In inflammatory and degenerative
diseases related to the musculoskeletal system, the effects of ozone
injection on the activation of anti-inflammatory, anti-oxidative
capacity and immunomodulating effects are utilized. Clinical
studies evaluating the effects of ozone on the musculoskeletal
system are increasing. Ozone therapy is increasingly used in
musculoskeletal disorders due to reduced inflammation, rapid pain
control and associated early mobilization effects ****!. Dissolved
ozone in body fluids reacts immediately with antioxidants and
polyunsaturated fatty acids, resulting in fast-acting (short half-life)
reactive oxygen compounds (ROS) (most importantly H202) and
lipid peroxidation products (LOPs) with a longer half-life. In the
first phase, H202 spreads to the cell cytoplasm and acts as a
trigger. It causes different chemical pathways depending on the cell
types it affects. Reactive oxygen products act as messengers and
are removed by antioxidants in a very short time, but the complex
pharmacodynamics of lipid peroxidase products minimize their
potential toxicity and enable them to become long-term messengers
[51 Ozone is soluble in the water component of synovial fluid by
intraarticular application and reacts with biomolecules to lead to
the formation of ROS and LOP. The result is inhibition of the
release of pro-inflammatory cytokines and proteolytic enzymes, as
well as reduction of inflammation by the release of transforming
growth factor beta 1(TGF-b1) and interleukin 10(IL-10), which are
immunosuppressive cytokines. Increased TGF-bl regulates the
expression of integrins and stimulates the synthesis of matrix
proteins such as collagen and glycosaminoglycans. Chondrocyte
and matrix proliferation stimulated by H202 lead to increased
articular cartilage synthesis °° Intraarticular applications can be
preferred in knee joint, hip, shoulder, ankle and other peripheral
joints. It can be used in inflammatory / degenerative diseases and
after sports injuries. Although there is no consensus on ozone /
oxygen concentrations and doses, weekly injections of 5-20 mL in
the knee and shoulder joints and 1-2 mL in the smaller joints have
been recommended in 10-20 pg / mL concentrations "', Similarly,
in our study, we applied ozone at a dose of 15 ml 20 pg / ml. It has
been reported that intraartricular OT is a minimally invasive and
well tolerated treatment that reduces pain and improves quality of
life in knee OA patients with insufficient clinical response to
conservative treatments or where physiotherapy is contraindicated
838 There are also different recommendations in the literature
regarding dose and frequency. The Italian Association of Ozone-
Oxygen Therapy (SIOOT) recommends the slow application of a
smaller volume of ozone than the old method of high volume. Five
injections are recommended at weekly intervals. Knee flexion and
extension after intra-articular injection provides better distribution
of the gas . However, there are many different studies with
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different doses and different number of sessions; In a study which
was made by Camelia et al. 2-5 pg / ml and 40-50 ml of ozone
were applied to all patients in 12 sessions . In a study which is
made by Rabago et al. ultrasound-guided ozone or hypertonic
dextrose in the joint was given . Eighty patients with mild to
moderate knee OA were randomized into two groups as ozone and
dextrose group. The injections were administered 3 times with an
interval of 10 days. Pain scores and WOMAC scores were
significantly reduced in both groups. In another study; 80%
treatment response was achieved with 10 ml intraarticular OT 3
times in total at 30 pg / ml in the zero, first and second months and
the effect was reported to last for 6 months. In the same study, it
was shown that ozone was more effective in reducing pain,
stiffness and physical disability than methylprednisolone (40 mg)
injection, and when both were given together, it was more effective
than both treatments separately *°!. In a study in which a total of 12
sessions of 20 pg / ml ozone injections were performed twice a
week, the mean NRS scores were found to be 8.02 at the beginning
and 4.86 on the 10th month . In addition to the studies comparing
OT and HA applications, both are available together. Cardelli et al.
as a result of their study investigated the effects of ozone and HA
combination on hip OA, 30% increase in functionality and
significant decrease in pain levels in all patients in the first month
after treatment ). Xufeng et al. in a study performed in 76 patients
with knee OA, half of the patients were treated with intraarticular
OT, the other half were administered with oral glucosamine and
celecoxib after pain and functional treatment, and the ozone-treated
group showed statistically better pain and functional improvement
than the other group . Although there are studies comparing PRP
treatment with different agents in knee OA, there are very few
publications in the literature comparing OT. In 2018, In 2018,
Gaballa et al. in one study, to the patients determined with knee
OA a total of 2 doses of PRP injections were administered to one
group every 2 weeks, and to other group a total of 4 doses of OT
administered once a week, and both VAS scores and WOMAC
scores improved in both groups in the first and third months after
treatment. In the PRP group, there was a statistically significant
improvement compared to the ozone group ! There are other
studies supporting this result !, Duymus et al. in a study with
102 patients with mild to moderate knee OA, intraarticular PRP in
the first group, hyaluronic acid in the second group, OT in the third
group and VAS and WOMAC scores were found to be improved in
three groups in the first month and improvement in the prp group
was applied only in the 12th month. “"!. Shen et al. Similarly, in a
study performed by him, placebo was superior to OT, HA and
cortic osteroid injections in terms of functional recovery of PRP
injection %, In our study, although we found improvement in both
groups after treatment compared to pretreatment, we found a
statistically significant decrease in VAS and WOMAC pain,
physical function and total scores in PRP treatment compared to
pretreatment in knee OA treatment compared to OT. While
intraartricular ozone injection in knee OA treatment, which is
mostly seen in obese patients in the elderly, is beneficial in
reducing the pain level in patients who do not have adequate
clinical response to conservative treatments, its long-term efficacy
is not known. Prospective long-term follow-up studies are needed
to better demonstrate the efficacy of ozone in the treatment of knee
OA.

Conclusion

In conclusion; this study confirms that OT, which has been used
frequently in medicine in recent years, is beneficial in terms of pain
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and functional recovery in the treatment of knee OA, and
contributes to the literature in terms of limited literature on this
issue. However, our study shows that the results of PRP treatment
are superior to OT in terms of pain and functional limitation in the
treatment of knee OA. Limitations of our study; limited number of
patients and limited follow-up to a short period of 1 month after
treatment, and no comparison of long-term effects.
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