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Abstract

Objectives: The objective of this study was to evaluate if ozone is capable of improving pain, function and quality of life, and to
decrease serum uric acid in human knee osteoarthritis (OA) patients.

Methods: Overall, 42 patients, 31 females (73.81%) and 11 males (26.19%) were enrolled in a prospective quasi experimental before-and-
after study. Mean age of the sample was 66.9 + 8.83 years. Treatment consisted of four sessions (one per week) of an intra articular
infiltration of a medical mixture of oxygen-ozone (95% to 5%),20 mL volume ata 20 ;/mL concentration, on the most symptomatic
painful knee. Before and after the intervention, the researchers measured outcomes including serum uric acid and pain, function,
and quality of life by the visual analogue scale (VAS) and by Western Ontario and Mac Master index for OA (WOMAC). The OA patients
were graded by Kellgren-Lawrence radiological scale as 2° to 4° grades.

Results: Serum uric acid decreased from 5.19 & 1.22 mg/dL to 5.03 % 1.22 (P = 0.0439). The WOMAC pain subscale score decreased
from 14.26 + 2.61t0 5.95 + 2.97 points (P = 0.0001), WOMAC stiffness subscale diminished from 2.72 + 1.63 to 1.04 + 1.04 points (P =
0.0001), and WOMAC function subscale improved from 41.78 & 10.17 to 24.61 & 9.86 points (P =0.0001).

Conclusions: Intra articular ozone is capable of decreasing pain and stiffness and improving function and quality of life, as well as

decreasing serum uric acid in knee OA patients.
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1. Background

Osteoarthritis (OA) is the most common type of arthri-
tis and it is a chronic, painful, and inflammatory disease
that produces functional impairment in Western societies
and has affected nearly 27 million Americans and 4 million
Spanish patients, to date some (1-3).

The economic impact is such that OA is the cause of
50% of disabilities in Spain, and the direct cost in this coun-
try is 4 738 million Euros per year, representing 0.5% of the
gross domestic product (3). Furthermore, OA is a progres-
sive and degenerative age-related joint disease that culmi-
nates in loss of articular cartilage, joint space narrowing,
and remodeling of subchondral bone (4). Osteoarthritis
has no cure and the current management includes non-
pharmacological and pharmacological interventions and
frequently involves costly joint replacement procedures,
not exempt from risk or side effects (3, 5).

Osteoarthritis pathogenesis is multifactorial. Risk fac-
tors include gender, race, overweightness, load bearing,
obesity, traumatisms, and recently, low-grade chronic in-
flammation (3, 6, 7). Inflammation has increasingly been
recognized as a driver of OA disease pathology, thus impli-
cating the synovial environment, including the role of in-
flammatory cytokines and infiltrated immune cells, driv-
ing the degeneration of cartilage tissue (7-9).

The challenge for the future in the management of
OA is to discover early tools for the diagnosis and prog-
nosis of the disease, and to discover effective treatments.
Biomarkers constitute those early tools (10). Since OA is
closely related to inflammation, inflammation biomark-
ers, such as C-reactive protein (CRP), erythrocyte sedimen-
tation rate (ESR), pro-inflammatory cytokines (IL-6, IL-1/3),
and very recently uric acid has been used to determine
such relationship (11-14). Several epidemiological observa-
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tions have reported the association of uric acid with OA.
Roddy et al. suggested that gout and OA share a com-
mon pathogenic link (15). Ma et al. stated that the de-
position of monosodium uric acid crystals secondary to
hyperuricemia, promote direct cartilage degradation (14).
Martinon and Denoble, in different studies, stated that
monosodium uric acid crystals activate macrophage in-
nate immune responses via NALP3 (Natch Domain, Leucin-
rich repeat, and pyrin domain containing protein 3), ac-
tivating caspase-1 and releasing IL-15 and IL-18, cytokines
related to cartilage degradation. According to this study,
gout and OA would share the same inflammatory pathway
(14,16,17).

Biomarkers of inflammation (especially CRP and IL-6)
and biomarkers of cartilage degradation (including ma-
trix metalloproteinases), have been previously related to
pain and progression in OA (18-21). Besides, non-steroidal
anti-inflammatory drugs (NSAIDs) and dietary bioactive
compounds (curcumin, ginger, green tea polyphenols,and
strawberries) have been shown to be effective in the man-
agement of pain symptoms and in reducing inflammatory
biomarkers of OA (22). Unfortunately, most of such studies
for the management of knee OA are limited in number and
shortin duration; moreover, they mainly evaluate pain and
function but no inflammation biomarkers.

Decades of experience have demonstrated that ozone
is capable of modulating inflammation (23). Fernandez-
Cuadros et al. stated that intra articular ozone is useful
in the management of knee OA, improving pain, function,
and quality of life (24). In a two-year follow-up period, the
same study group stated that ozone is capable of slowing
and even reverting knee OA, based on radiographic eval-
uation (25, 26). Very recently, the current researchers re-
ported the efficacy of ozone in improving knee OA symp-
toms and decreasing surrogate biomarkers of inflamma-
tion, namely CRP and ESR in human patients with knee OA
(26). However, to the best of the author’s knowledge, there
isnoreporton the efficacy of ozone in decreasing uric acid,
anew biomarker of inflammation in knee OA patients.

The objective of the current study was to evaluate if
ozone is capable of improving pain, function, and qual-
ity of life (QoL), and to decrease serum uric acid in human
knee OA patients.

2. Methods

A total of 42 patients were enrolled in a prospec-
tive quasi-experimental before-and-after study; 31 females
(73.81%) and 11 males (26.19%). Mean age of the sample was
66.9 + 8.83 years (Table 1). The study was performed at
the rehabilitation department of Santa Cristina University
Hospital and run from January, 2017 to March, 2018, and

Table1. Principal Demographical, Clinical and Biochemical Variables of the Patients
Studied at Baseline (N = 42)

Variables Value
Age, mean =+ SD,y 66.90 £ 8.83
Female, frequency (%) 31(73.81%)
Male, frequency (%) 11(26.19%)
Ratio, female:male ratio 31
OAKL2°, No. (%) 26 (61.9%)
OAKL3°, No. (%) 10 (23.8%)
OAKL 4°, No. (%) 6 (14.3%)
Uric acid, mg/dL , mean =+ SD 519 +1.22
Uric acid, mmol/mL, mean =+ SD 308 £ 72
VAS (0-10) 7.02 120
WOMAC pain (0-20) 14.26 £ 2.61
WOMAC stiffness (0 - 8) 272+ 163
WOMAC function (0 - 68) 41.78 £10.17

Abbreviations: KL, Kellgren-Lawrence grading System; OA, Osteoarthritis; SD,
Standard Deviation; VAS, Visual Analogue Scale; WOMAC, Western Ontario and
Mc Master Index for Osteoarthritis.

it was approved by the Ethical Committee of the Santa
Cristina University Hospital.

Patients older than 18 years of age, with clinical signs
of OA (based on the criteria of the American College of
rheumatology)(27) and on radiological signs, graded from
2° to 4° (based on Kellgren and Lawrence (KL) grading sys-
tem), were included in the study. Patients with allergy to
ozone (23-26) or those, who did not perform biochemical,
clinical orradiological follow-up evaluation were excluded
from the study.

Before treatment, informed consent was obtained and
signed by all patients. The severity of pain was measured
by the visual analog scale (VAS), function and quality of life
were measured by the WOMAC scale (Western Ontario and
Mac Master Index for Osteoarthritis), and serum uric acid
was evaluated by biochemical analysis.

The VAS is a Likert type pain scale used to evaluate pain
in a graded score from 0 to 10, 0 meaning no pain, and 10
the greatest pain experienced by the patient (28). Further-
more, WOMAC is an Index that evaluates pain, function,
and stiffness in knee OA patients and it is useful for evalu-
ating the specific quality of life in these patients. This scale
evaluates three items, namely pain (form 0 to 20), stiffness
(from 0 to 8), and function (from 0 to 68), where a greater
value indicates greater severity (3, 29).

Depending on the radiographic appearance of knee
joints, patients are categorized in four categories, accord-
ing to the KL grading system. Grade 0: normal, grade 1:
doubtful narrowing of the joint space and possible osteo-
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phyte lipping, grade 2: osteophytes and joint space nar-
rowing, grade 3: moderate multiple osteophytes, definite
narrowing of joint space, some sclerosis and possible de-
formity of the bone contour, grade 4: large osteophytes
with marked narrowing of the joint space, severe sclerosis
and definite deformity of the bone contour (30).

Serum uric acid determination was performed by the
use of the 3P39-41Uric Acid Reagent Kit ® (from Abbot, USA).
The serum was collected by standard venipuncture tech-
niques. The coefficient of variation of this determination
was 3.6% (31).

The treatment protocol consisted of four sessions (one
session/week) of an intra articular infiltration of a medi-
cal mixture of oxygen-ozone (95% - 5%), 20 mL volume ata
20-p1g/mL concentration. Patients were infiltrated on the
most symptomatic knee. The technique has been previ-
ously described by the current study group (23-26).

2.1. Statistical Analysis

After the fourth infiltration was performed, VAS and
WOMAC scales were applied, serum uric acid was analyzed
and adverse effects were registered. To perform the statis-
tical evaluation, the statistical package for social studies
(SPSS) 20.0® was used. Mean and standard deviation (SD)
were used to describe quantitative variables at baseline;
while, for qualitative variables, frequencies, and percent-
ages were employed. To evaluate change, before and after
the intervention, T-student Test was applied. The level of
significance was 95% (P =0.05).

3. Results

A total of 42 patients were analyzed in the current
study. Female patients accounted for 73.81% (n = 31) and
male patients represented 26.19% (n = 11). Female to male
ratio was 3:1(Table1). Mild and moderate knee OA was more
frequent than severe OA.That is, OAKL 2° (n =26, 61.9%) was
more frequent than OA KL3° (n =10, 23.8%) and OA KL 4° (n
=6,14.3%) (Table 1).

Serum uric acid decreased its value from 5.19 + 1.22
mg/dL to 5.03 &+ 1.22 (P = 0.0439) (Table 2 and Figure 1).
Serum uric acid decreased from 308 + 75 to 297 £ 69
mmol/mL (P = 0.0448) (Table 2 and Figure 2).

Ozone decreased pain measured by VAS from 7.02 £ 1.2
t02.97 £1.48 points (P=0.0001). Ozone improved all items
of the WOMAC scale after ozone treatment. The WOMAC
pain subscale decreased from 14.26 =+ 2.61 to 5.95 + 2.97
points (P =0.0001), WOMAC stiffness subscale diminished
from 2.72 &£ 1.63 to 1.04 % 1.04 points (P = 0.0001), and
WOMAC function subscale improved from 41.78 % 10.17 to
24.614 9.86 points (P=0.0001) (Table 2).
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Table 2. Change in Variables Before-and-After Ozone Therapy (N = 42)°

b

Variables Before After PValue
Uric acid, mg/dL 519 +1.22 5.03 +122 0.0439
Uric acid, mmol/mL 308 +72 297 4 69 0.0448
VAS (0-10) 7.02 £120 2.97 + 148 0.0001
WOMAC pain (0-20) 14.26 £ 2.61 5.95 £ 2.97 0.0001
WOMAC stiffness (0-8) 272 £163 1.04 +1.04 0.0001
WOMAC rigidity (0 - 68) 4178 +10.17 24.6119.86 0.0001

Abbreviations: SD, Standard Deviation; VAS, Visual Analogue Scale; WOMAC,
Western Ontario and Mc Master Index for Osteoarthritis.

*Values are expressed as mean =+ SD.

PStatistical significance by t-student Test.

With respect to different knee OA grades, serum uric
acid levels were not related to knee OA severity. Serum
uric acid levels were similar in mild, moderate, and se-
vere knee OA patients. On the contrary, pain, function, and
QoL worsened as knee OA progressed based on knee OA KL
grades. However, after ozone treatment, both serum uric
acid levels and clinical symptoms (namely pain, function,
and QoL) improved after the intervention, in all knee OA
grades (Table 3).

4. Discussion

To the best of the author’s knowledge, this is the first
study that states that Ozone decreases serum uric acid, as
a new OA biomarker, and the decrease comes in line with a
clinical improvement on symptoms severity, such as pain,
stiffness, function, and QoL.

Uric acid is the end product of purine metabolism
in humans and it is generated by the action of xanthine
oxidase enzyme. For years, uric acid was considered as
a metabolically inert substance; however, growing evi-
dence states that uric acid has multiple actions on cellu-
lar metabolism (32). 1, Uric acid acts as an endogenous an-
tioxidant and powerful scavenger of single oxygen peroxyl
(ROS) and hydroxyl radical (OH) (33); 2, inside the cell, uric
acid exerts pro-oxidative effects and behaves as a pro in-
flammatory factor (32). Thus, uric acid can act as an an-
tioxidant and pro-oxidant factor. When acting as an an-
tioxidant, uric acid chelates metals and scavenges oxygen
radicals (34). As a pro-oxidant, uric acid oxidizes lipids, re-
duces nitric oxide availability in endothelial cells, (35) and
increases reactive oxygen species (36). In summary, un-
der normal physiologic conditions, uric acid acts as an an-
tioxidant; yet, under ischemic conditions, becomes a pro-
oxidant, producing systemic inflammation, common in
systemic diseases, such as metabolic syndrome, hyperten-
sion, stroke, atherosclerosis, and recently OA (32).
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Figure 1. Change of serum uric acid after ozone therapy (mg/dL) in knee Osteoarthritis patients (n = 42)
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Figure 2. Change of serum uric acid after ozone therapy (mmol/mL) in knee osteoarthritis patients (n =42)

Table 3. Change in Variables Depending on Knee Osteoarthritis Severity (Kellgren Lawrence Grades 2°,3° and 4°) Before-and-After Ozone Therapy (N = 42)*

Variable OAKL2° (N=26) OAKL3°(N=10) OAKL4°(N=6)
Before After Before After Before After

Uric acid mg/dL 533 £1.08 5251 0.96 4.58 +1.03 4.4240.79 5271198 511421
Uric acid mmol/mL 316 1 64 308 £ 60 271+ 61 262 £ 46 309 £ 18 304 £125
VAS 6.76 13 28+129 73+ 0.94 35+ 171 7.6 £1.03 2.8 +2.04
WOMAC pain 13.76 £ 2.83 5.61+2.59 14.6 £ 1.89 74343 15.8 +2.56 5.6 +4.08
WOMAC stiffness 234 +174 0.76 4 0.95 35+15 171 0.94 33+ 0.81 116 £132
WOMCA function 38.96 £ 9.64 21.69 £ 9.17 45.8 £7.68 29.5+£82 473 £ 13.6 29.16 +12.5

Abbreviations: KL, Kellgren-Lawrence grading system; OA, Osteoarthritis; SD, Standard Deviation; VAS, Visual Analogue Scale; WOMAC, Western Ontario and Mc Master
Index for Osteoarthritis.
Values are expressed as mean =+ SD.

This comes in line with the growing evidence that  ated with CRP (37). A study of 957 elderly Italian individ-

uric acid is related to markers of systemic inflammation. uals showed that serum uric acid is positively associated
Several population-based studies in healthy males and fe-  with CRP, and also tumor necrosis factor (TNF)-c, and in-
males showed that serum uric acid is positively associ-  terleukin (IL)-6 (38). In another study that included 608
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Caucasians from Switzerland, serum uric acid was found to
be positively associated with CRP, TNF-«, and IL-6 (in both
males and females) (39). Another study Giovine et al. men-
tioned that uric acid may stimulate the production of TNF-
« in synovial cells (32).

As stated before, uric acid is related to systemic dis-
eases and systemic biomarkers; yet there is also plenty of
evidence that relates uric acid to OA (14). Acheson et al.
stated that uric acid was associated with hand OA in fe-
males. Anderson et al. suggested that uric acid was asso-
ciated with increased knee OA in females. Sun et al. ob-
served that highest uric acid level was associated with gen-
eralized OA in previous hip OA patients. Ding et al. claimed
that higher uric acid level was associated with osteophytes
in females. Bagge et al. communicated that uric acid was
associated with knee OA in females. Schouten et al. indi-
cated that higher uric acid levels were associated with loss
of joint space width. Krasnokutsky et al. suggested that
uricacid was associated with joint space narrowing. Roddy
et al. observed that gout attacks were associated with the
presence of OA. Howard et al. stated that gout was associ-
ated with knee OA, and knee OA was more severe in gout
patients. Tang et al. reported that gout was associated with
total knee replacement in females (14).

All previous evidence suggests that uric acid and
OA might share some common pathogenesis pathways.
There are two possible mechanisms that would explain
the pathological link between uric acid and OA. In the
first mechanism, gout may promote cartilage degradation
due to the direct effects of monosodium urate crystals.
Crystal’s deposits were strongly associated with cartilage
degradation. By a second mechanism, acid uric crystals
might activate the macrophage innate immune response
via NALP3 inflammasome, releasing IL-15 and IL-18, after ac-
tivation of caspase-1(14).

Inaveryinteresting study, Denoble stated that synovial
fluid is a dialysate of serum fluid; and in that study, it was
observed that serum uric acid concentrations were associ-
ated with synovial uric acid concentrations. Moreover, this
study reported that the soluble form of uric acid in syn-
ovial fluid was strongly associated with synovial fluid IL-15
and IL-18. This study also suggested that synovial uric acid,
IL-13, and IL-18 were associated with knee OA graded by ra-
diography and bone scintigraphy (17). Denoble et al. also
hypothesized that uric acid, either diffused into the joint
from systemic circulation or released from dying chondro-
cytes, forms micro-particles that trigger the innate immu-
nity and NALP3 inflammation pathway (14, 17). This is in
accordance with Wangkaew, who stated that synovial fluid
is a dialysate of blood plasma because synovial membrane
permits uric acid and other small particles to pass freely
through the double barrier of endothelium and intersti-
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tium into the synovial fluid (39). In fact, Wangkaew com-
pared the uric acid concentration in serum and synovial
fluid from several arthritides (rheumatoid arthritis, sep-
tic arthritis, OA, ankylosing spondylitis and calcium py-
rophosphate dehydrate deposition disease), and the val-
ues were very similar; the ratio of serum/synovial fluid uric
acid concentration was nearly 1.0 (39).

As seen before, uric acid is related to biomarkers of in-
flammation; namely CRP, IL-6, and TNF-«, but also to syn-
ovial fluid IL-13 and IL-18. Since ozone is capable of modu-
lating inflammation, and the current study group had re-
cently reported that ozone reduces biomarkers of inflam-
mation, the authors hypothesized that ozone could be ca-
pable of decreasing uric acid, an objective that has been
demonstrated in the current study and reported for the
first time in the literature.

In the current study, it was observed that patients with
knee OA showed a level of uric acid of 5.19 mg/dL or 308
mmol/mL. Denoble reported in her series a 6.0-mg/dL of
Uric Acid level (17), while Wangkaew referred a 6.2-mg/mL
level (39). Krasnokutsky reported a serum uric acid level
of 6.3 mg/dL in 88 OA patients (40). Srivastava published
on patients with knee OA a 5.2-mg/dL of uric acid level,
which is very similar to the current study (41). In posttrau-
matic knee OA, Panina et al. reported serum uric acid lev-
els of 5.78 mg/dL or 344 mmol/mL (42). Ding et al. stated
that female patients with knee OA have lower levels of uric
acid (275 mmol/mL) if compared with male patients (362
mmol/mL) (43).

The previously reported values are noteworthy, be-
cause patients were non-gout; and although uric acid lev-
els are lower than 6.8 mg/dL (which is the crystallization
threshold), this level is good enough to contribute to car-
tilage degradation, via activation of inflammasomes (17).
This would explain the symptoms referred by patients
at baseline in the current study, measured by VAS and
WOMAC scales.

The strengths of the current study were the use of a
standardized clinical method for measuring serum uric
acid levels, the standardized acquisition of radiographs
to classify knee OA, and the use of validated clinical
scales, such as VAS and WOMAC. The sample was mostly
community-based and probably representative of patients
with knee OA in the general population.

A limitation of the current study was the lack of con-
trol group. This was mainly due to the limited number of
cases (n=42). As patients accepted the ozone protocol, and
they failed previous conservative treatment, it was not eth-
ical to deny an ozone intervention. A before and after in-
tervention is a methodology used to solve such ethical sit-
uation and to solve the absence of the control group. Thus,
a before-and-after evaluation was performed on the same
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treatment group. In such a case, the change observed af-
ter the intervention is expected to be a direct effect of the
ozone treatment protocol. However, the methodological
limitation of the study and the small sample size do not af-
fect the observations of this study.

4.1. Conclusion

Intra articular ozone is capable of decreasing pain and

stiffness and improving function and quality of life, while
decreasing serum uric acid in knee OA patients. The bio-
chemical and clinical effectiveness of ozone has been ob-
served in mild, moderate, and severe knee OA grades.
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