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Abstract
Introduction: Knee osteoarthritis (KOA) is a common degenerative joint disease, causing deformity, 
pain and a limited joint range of motion. Modification of the lifestyle and an exercise training 
program are the cornerstone of treatment. Alternative therapies such as laser or ozone are commonly 
used, but there is not any comparative study of low-level laser therapy (LLLT) versus ozone therapy. 
The aim of the study was to compare the efficacy and safety of the LLLT versus ozone in patients 
with KOA.
Methods: In this single-blinded randomized clinical trial, 60 patients with KOA were assigned to 
LLLT or ozone groups (n = 30). The First basic pain severity, the Western Ontario and McMaster 
Universities Arthritis Index (WOMAC) score and physical function were determined. Then in the 
LLLT group, the patients were provided with 12 sessions of LLLT. In the ozone group, 6 sessions of 
intra-articular injection of ozone were organized (in each session a mixture of 10 mL of bupivacaine 
0.25% with 15 mL of ozone 30 μg/mL). In the middle and at the end of the intervention period, we 
reassessed the joint pain and physical function and the degree of improvement compared between 
the two groups. 
Results: In the middle and at the end of the treatment period in both groups, the joint pain decreased 
significantly. The same as pain, the self-administrated WOMAC score and the range of joint motion 
improved significantly in both groups. All of these variables exposed more improvement in the 
ozone group patients. 
Conclusion: The study showed that both LLLT and ozone are acceptable non-invasive methods 
in the non-surgical treatment of KOA. Compared to LLLT, the ozone was more effective. These 
methods must be considered in any patient who is not suitable for surgical interventions or does not 
experience enough improvement in symptoms following long periods of common exercise training 
programs.
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Introduction
Knee osteoarthritis (KOA) is a common degenerative 
joint disease, which is manifested by pain, a limited 
range of motion, and joint deformity that may lead to 
disability in walking and limited daily activity. It is the 
consequence of an imbalance between regenerative and 
degenerative activities in the joint space.1-6 Females are 
more vulnerable than males to this disease.2 Obesity, 
gender, age, genetic background, repeated trauma, and 
mechanical load are predisposing factors of KOA.7,8 KOA 
is characterized by joint cartilage damage, subchondral 

sclerosis and cysts, joint space narrowing, marginal 
osteophytes, and joint deformity.9 The joint cartilage 
has limited regenerative and repairing capacity. This is 
due to a limited cell count of mineral tissue, a low rate 
of metabolism, and limited amounts of matrix fibers and 
vascular supply.4,10 Inflammatory cytokines (interleukins 
1, 6 and 8, tumor necrosis factor α, interferon-gamma) 
and oxidative damage are the main factors in cartilage 
damage in KOA.4 The novel options for the treatment 
of KOA involve targeting the inflammatory pathways 
in order to switch the degenerative environment of the 
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knee to a regenerative one. The Western Ontario and 
McMaster Universities Arthritis Index (WOMAC) is a 
common and widely used scoring method that is used 
to evaluate the severity of KOA. In this method by a 
self-administered questionnaire, the pain, stiffness and 
physical function of the joints are evaluated. It measures 
5 items for pain (score range: 0–20), 2 for stiffness (score 
range: 0–8), and 17 for functional limitation (score 
range: 0–68). These scores are summed up; a higher 
total WOMAC score indicates worse pain, more joint 
stiffness and functional limitations. Considering this 
scoring method, the disorder severity was classified as 
mild (grade I), moderate (grade II), severe (grade III), 
and extreme (grade IV).11 The severity of the KOA was 
classified radiographically in grades I-IV based on the 
Kellgren-Lawrence grading method.12

Various methods have been reported for the 
management of KOA in the literature. Nonsurgical 
treatments are the first step. Surgical options are 
considered for patients who continue to have knee pain 6 
months after non-operative treatments.13,14 Modification 
of the lifestyle, weight control, and an exercise training 
program are the cornerstone of treatment. Oral and intra-
articular medications, physiotherapy, and even alternative 
medicine are other treatment modalities. The surgical 
approach (joint replacement surgery) is used in chronic, 
severe, and refractory cases.8,15,16 It seems that none of 
these approaches are superior to each other and should be 
applied individually for each patient.17,18

Low-level laser therapy (LLLT) and intra-articular 
ozone injection both are used in pain medicine. LLLT 
is a method that uses a low-level laser (LLL) for the 
induction of cartilage repairing and pain modulation in 
KOA. It is believed that LLLT may increase mitochondrial 
ATP levels and enhance tissue oxygenation. It might 
also have analgesic effects through the increased level 
of neurotransmitters such as serotonin involved in pain 
modulation.8 A low-level laser has a proliferative effect on 
fibroblasts and osteoblasts and modulates inflammatory 
markers such as PGE2, mRNA Cox 2, IL-1β, TNFα,19-21 
cytokines such as interleukin-1 alpha and interleukin-1 
beta, and fibroblast growth factor.21-23 LLLT is able to 
increase cell numbers, DNA, and RNA synthesis and 
collagen production, initiate mitosis in cultured cells 
and convert light energy into chemical energy in the 
form of ATP within the cell, which enhances cellular 
functions and cell proliferation rates.24 Stausholm et al. 
in meta-analyses on KOA treatment concluded the pain 
relief by LLLT compared to the placebo.25 Rayegani et al 
investigated the effect of the LLLT on KOA and showed 
it reduced pain, joint stiffness and disability and it was 
superior to the placebo and therapeutic ultrasound.9 
In a study, it was concluded that in older patients with 
chronic KOA, the addition of LLLT to an exercise training 
program was more effective than exercise training alone.26

Ozone (O3) is a gas with anti-inflammatory, anti-
microbial and immunomodulatory effects. It is associated 
with increased tissue oxygenation and circulation by 
the induction of vasodilation and angiogenesis, the 
elimination of inflammatory metabolic products from 
joint space, the normalization of intracellular antioxidants 
and nitric-oxide levels and the reduction of superoxide 
production.27,28 Ozone activates the enzymes which are 
responsible for protecting against the overproduction of 
superoxide processes.15 Ozone has a bioregulatory role 
through cytokines such as IL-8, TNF-a, TGF beta1 and 
tissue remodeling.15 Ozone may create the right context 
for adaptation to oxidative stress or promote oxidative 
preconditioning which stimulates the antioxidant 
endogenous systems resulting in the protection against 
tissue damage.29,30 Studies have shown the intra-articular 
ozone injection can relieve the symptoms of KOA.7,31 In 
a systematic review, Sconza et alconcluded ozone was 
able to provide significant pain relief in KOA, at least at a 
short-term follow-up.32

Although laser and ozone therapy have been used in a 
lot of pain studies, only a few studies have compared these 
two treatment modalities with each other. Kazancioglu and 
Erisen, in a randomized study, reported that topical ozone 
is more effective than LLLT for pain relief in patients with 
oral lichen planus.33 In an animal study conducted on rats, 
LLLT had a more protective effect on bone destruction, 
when compared with ozone therapy.34 With the aim of 
pain relief after orthodontic surgery, LLLT was effective, 
but ozone was not.35 Considering these limited data, we 
decided to search any published comparative studies into 
ozone therapy versus LLLT. However, there was not any 
published study. Thus, we designed the present study and 
investigated the efficacy and safety of the intra-articular 
ozone injection versus LLLT in the management of KOA 
pain.

Methods and Materials
This study was registered by the Iranian randomized clinical 
trial organization (Identifier: IRCT20180518039700N1). 
The authors obtained written informed consent from all 
of the patients. Sixty patients, who were suffering from 
KOA and considered to get non-surgical treatment in our 
pain clinic, randomly entered this study in two groups: 
ozone group or LLLT group (n = 30). The sample size 
was calculated using power & sample size software (ver. 
3.1); considering α = 0.05, power of study 0.80, in purpose 
of discovering 30% differences between two treatment 
morality due to knee pain and function scores.

Entering the study, the patient was visited by an 
anesthesiologist with the aim of discovering the disease 
severity before any intervention. She was kept blind 
to the type of intervention throughout the study. She 
searched the basic WOMAC score and joint mobility. The 
WOMAC score was defined using the Persian version of 
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the self-administered WOMAC questionnaire and joint 
mobility in active flexion, measured by a goniometer.36 

The patients of both genders, aged above 45 years, were 
eligible to participate in this investigation. They had a 
radiographic report of the knee OA of grade II, III based 
on the Kellgren-Lawrence grading method. Patients 
complained of pain and decreased knee function and 
failure to respond to conventional treatments during the 
past three months. In patients with bilateral KOA, the 
intervention was carried out on only one joint.

Patients were excluded if they met the following 
criteria: severe knee OA (Kellgren-Lawrence grade 4), 
joint deformity or ankylosis, a history of corticosteroid 
consumption during the past 3 months, a history of 
rheumatoid diseases, coagulopathy, previous knee 
surgery, and acute infection. In the occurrence of 
any contraindication to LLLT (malignancy, epilepsy, 
pregnancy, heart pacemaker) or ozone therapy 
(hyperthyroidism, thrombocytopenia, and recent heart 
attack), the patients were excluded from the study. 

The patients in the LLLT group were treated with 
12 sessions of LLLT (3 sessions per week). The BTL-
4000 branded laser device was used with calibration of 
producing 980 NM continuous wave pulses (980 nm), 
with an intensity of 6 J/point, duration of 150 seconds/
point and beam area of 0.5 cm3. During each session, 7 
points around the knee joint were treated: 2 points on the 
medial, 2 points on the lateral borders and 3 points on 
the anterior aspect of the patella. In the ozone group, we 
administered 6 sessions of intra-articular ozone injection 
(3 sessions per week). In each session, a mixture of 10ml 
of bupivacaine 0.25% with 15 mL of ozone 30 μg/mL was 
injected into the knee joint through the inferior-medial 
approach in a supine position with a semi-flexed knee. 
Applying a few joint flexion/extension, we tried to better 
spread the solution.27 All of the laser therapies and intra-
articular injections were done by an anesthesiologist 
skilled in pain medicine.

The primary outcomes of the study were the severity of 
the pain and the physical function of the knee. Thus, in 
the middle and at the end of the intervention period, the 
anesthesiologist visited the patients again and re-assessed 
their clinical and functional status using the visual analog 

scale (VAS) pain scale method, WOMAC questionnaire 
and knee joint goniometry. The anesthesiologist was 
blind to the patient’s intervention group.
 
Statistical Analysis
The collected data were analyzed using SPSS statistical 
software (version 22.0 SPSS Inc., Chicago, IL, USA). 
The Kolmogorov-Smirnov test was applied to check 
the distribution normality of quantitative parameters. 
Quantitative variables were presented as mean ± SD 
and categorical variables were presented as frequencies 
(percentage). We used student’s t-test for independent 
groups and repeated measures ANOVA test to compare 
the normally distributed data between or within groups 
respectively. The χ2 or Fisher’s exact tests were used to 
compare the categorical data between two groups and the 
Mann-Whitney test was used to compare the categorical 
data within groups. These tests were performed as two-
sided test and P values < 0.05 were considered statistically 
significant. 

Results
No patients were missed for follow-up, and the data of 
60 patients were analyzed and compared between the 
two groups. Most of the patients were female (38 females 
vs. 22 male). Demographic characteristics are presented 
in Table 1. They were similar for both groups (Table 1). 
The right side KOA was more common than the left side 
(55% vs. 45% respectively), and it was distributed equally 
between the two groups (P value = 0.79).

The basic pain intensity that was evaluated by the VAS 
was the same before any intervention (P value 0.087). 
Compared to the basic pain values, after initiating 
the intervention, there was a significant decrease in 
pain intensity in both ozone and LLLT groups (both 
in the middle and at the end of the treatment phases, P 
value = 0.001) (Table 2). Comparing the two groups with 
each other revealed that the intervention in the ozone 
group had a more therapeutic effect on pain relief (both 
in the middle and at the end of the treatment phases, P 
value = 0.001). 

The basic WOMAC score was similar in the ozone and 
LLLT groups. 50.03 ± 2.87 and 49.5 ± 2.02 respectively 

Table 1. The Demographic Characteristics of the Participants

Ozone group (n = 30) LLLT group (n = 30) Total (n = 60) P value

Gender
Male n (%) 10 (33.3%) 12 (40 %) 22 (36.7)

0.592
Female n (%) 20 (66.6 %) 18 (60 %) 38 (63.3%)

Age mean (SD) 57.67 ± 9.35 53.33 ± 9.37 55.5 ± 9.36 0.078

Height mean (SD) 166.9 ± 6.9 166.2 ± 4.4 166.55 ± 5.25  0.841

Weight mean (SD) 87.53 ± 12.4 92.0 ± 6.1 89.77 ± 9.87 0.083

Side of treated knee 
joint

Right 17 (56.7%) 16 (53.3%) 33 (55.0%)
0.79

Left 13 (43.3%) 14 (46.7%) 27 (45.0%)
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(P value = 0.088). Compared to the WOMAC score, 
after initiating the intervention, there was a significant 
improvement in the joint function in both ozone and LLLT 
groups (both in the middle and at the end of the treatment 
phases, P value = 0.048). Comparing two groups with each 
other, the ozone therapy caused a definite improvement 
in joint function (both in the middle and at the end of the 
treatment phases, P value = 0.004) (Table 3).

Table 4 shows the improvement in the measured arc of 
joint flexion. Both the ozone or laser therapy exposed a 
significant positive effect on the range of joint motion. 
Any time in the study, this effect was more dominant in 
the ozone group (P value < 0.05).

Discussion
The present study compared the two important alternative 
therapies of KOA in order to induce improvement in 
physical function and pain relief. It showed that both 
the intra-articular ozone and laser therapy were effective 
treatment modalities; however, the intra-articular 
injection of ozone was a more effective method. In the 
previous studies, the effects of laser or ozone therapy were 
investigated in order to manage KOA, but there is not any 
study in which these two methods have been compared 

with each other in KOA treatment. In a study conducted 
by Youssef et al, LLLT was added to a common exercise 
training program of chronic KOA treatment. They 
concluded that the addition of LLLT (especially 6 J/cm2) 
to an exercise training program could be more effective 
than exercise training alone.26

Rayegani et al compared the therapeutic effect of the 
LLLT or ultrasonic therapy with the placebo in patients 
suffering from KOA. They concluded that both of these 
alternative therapies were able to reduce symptoms and 
improve physical function. In this way, LLLT was superior 
to ultrasonic therapy.9

Ozone (O3) is a type of oxygen molecule. Compared 
to the usual molecule of oxygen (O2), it is very unstable 
due to the strong tendency to react with other molecules. 
It may act as hyperbaric oxygen in the body with a 
capability of spontaneous conversion to O2 with releasing 
an oxygen free radical. In contrast to the dogma that this 
free radical is always toxic to the body, decades of clinical 
experience have shown that the oxygen free radical can 
act as a disinfectant, a metabolic enhancer, a paradoxical 
inducer of antioxidant enzymes, an immunomodulator, 
an inducer of endothelial nitric oxide synthase and 
possibly an activator of stem cells with consequent 

Table 2. Knee Pain Score by Visual Analog Scale

Time point Ozone group (n = 30) LLLT group (n = 30) Total (n = 60) P Value**

Pain score

basic 9.23 ± 0.89 9.60 ± 0.81 9.42 ± 0.84 0.087

Mid of treatment 6.01 ± 1.43 8.00 ± 0.64 7.05 ± 1.08 0.0001

End of study 3.67 ± 1.24 6.60 ± 1.04 5.14 ± 1.16 0.001

P value* 0.001 0.001 0.001 -

* Within group P values.
** Between group P values.

Table 3. The WOMAC Score Changes in the Ozone Group Versus the LLLT Group

Time Point Ozone Group (n = 30) LLLT Group (n = 30) Total (n = 60) P Value**

WOMAC score

basic 50.03 ± 2.87 49.5 ± 2.02 49.91 ± 2.32 0.088

Mid of treatment 37.01 ± 2.22 42.31 ± 1.32 39.66 ± 1.75 0.045

End of study 27.61 ± 2.01 35.24 ± 1.53 31.45 ± 1.74 0.004

P value* 0.001 0.001 0.001

* Within group P values.
** Between group P values.

Table 4. Changes in the Measured Range of Knee Joint Flexion in the Ozone Group Versus the LLLT Group

Time Point Ozone Group (n = 30) LLLT Group (n = 30) Total (n = 60) P Value*

Goniometric 
range

basic 120.23 ± 4.37 118.33 ± 5.36 119.16 ± 5.41 0.137

Mid of treatment 124.03 ± 4.83 121.12 ± 5.41 122.56 ± 5.12 0.031

End of study 129.90 ± 5.71 124.37 ± 6.79 127.32 ± 6.15 0.001

P value** 0.002 0.049 0.015

* Within group P values.
** Between group P values.
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neovascularization and tissue reconstruction.37 Indeed, 
ozone may increase localized blood circulation and 
oxygen load in traumatized or damaged tissues such 
as joint cartilage, ligament, or tendon and eventually 
reestablish the healing process. Ozone also has some 
effects on growth factors. It can stimulate their synthesis, 
especially endothelial growth factors; thus enhance their 
receptors on cell membranes and facilitate their actions.38 
In a randomized clinical trial, comparing intra-articular 
injection of ozone to methylprednisolone in patients with 
KOA, the pain relief was more meaningful in the ozone 
group.7 Nowadays, ozone injection is not limited only to 
joint disorders, but there are reports of its beneficial effects 
on soft tissue (tendon, ligament, and muscles) diseases as 
well as inter-vertebral disc disorders.39 On the other hand, 
there are some conflicting findings due to the efficacy of 
the LLLT in KOA.25,40 This may be due to the differences 
in the administration protocols of the LLLT. There is no 
consensus regarding the pulse duration, pulse width, 
wavelength, pulse-duty time, treatment duration in each 
session, treatment frequency, and probe location in LLLT. 
Various factors such as the severity of OA, osteophyte 
formation, joint cartilage thickness, and even the joint 
range of motion may be important in the response to 
laser therapy. Our study supported the effectiveness of 
the LLLT; however, compared with intra-articular ozone, 
it was a less effective treatment. Therefore, the authors 
believe that both LLLT and intra-articular ozone must be 
considered acceptable, safe and non-invasive methods of 
KOA non-surgical treatment.

Conclusion
Our study showed that both LLLT and intra-articular 
ozone are acceptable, safe and non-invasive methods in 
the non-surgical treatment of KOA. However, compared 
to intra-articular ozone, LLLT was a less effective 
treatment modality. These methods must be considered 
in any patient who is not suitable for invasive surgical 
interventions or does not get enough improvement in 
his or her symptoms following long periods of common 
exercise training programs.

Limitations
The present study had some limitations such as a small sample 
size and lack of a placebo group (we considered it not ethical to 
have a placebo group). The short period of the study and lack 
of a long follow-up period were other limitations, and thus we 
cannot get any information due to the persistence of therapeutic 
effects of any intervention. We added bupivacaine to ozone; 
however, it has a lifetime of 12-24 hours, and it may work as a 
confounding variable. 
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