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Abstract.

OBJECTIVE: In this study we investigate the effects of paravertebral ozone injections (POI), which have been used as a new
treatment approach for lower back pain in recent years, on pain and physical activity in patients with acute lumbar disc herniation
(LDH) as an additional treatment.

METHODS: Thirty-eight patients were assigned into the ozone therapy (OT) group (n = 20) and placebo control (PC) group (n =
18). Both groups received two sessions per week, a total of 8 sessions of lumbar POI. The ozone concentrations of 20-25 pg/ml
(30 ml) and 0.1 pg/ml (30 ml) were administered to the OT and PC groups, respectively. The patients were assessed with the
visual analog scale (VAS) and Oswestry Disability Index (ODI) before the treatment (V1), 15 (V2) and 30 (V3) days after the
treatment started, and one month (V4) after the treatment ended.

RESULTS: A significant improvement was seen in the VAS and ODI scores in the final follow-up (V4) as compared with the
baselines scores (V1) in both groups (P < 0.05). The patients in the OT group had lower mean VAS and ODI scores in V2, V3,
and V4 follow-ups compared with the patients in the PC group. This significant difference reached its peak in the final follow-up
(V4) (P < 0.05).

CONCLUSION: As an additional treatment combined with conservative treatment, lumbar POI can lessen pain and disability in
patients with acute LDH.
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1. Introduction life, disrupting activities of daily living [1]. It is re-
ported that lumbar disc disruption is present in approx-
imately 73% of acute LBP cases, and approximately
half of these are associated with lumbar disc herniation
(LDH) [2—4]. In acute LDH, conservative (medication,

physical therapy [PT], and exercises) and minimally

Acute low back pain (LBP) is an important cause
of disability and may frequently occur at any stage of
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invasive (epidural steroid injection [ESI]), nonsurgi-
cal treatments yield satisfactory results [2,5,6]. How-
ever, certain patients may not respond to these treat-
ments or experience relapse [6]. Sometimes, the use of
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these treatments may not be possible because of side
effects or contraindications [2,5]. Short-term use of
non-steroidal anti-inflammatory drugs and analgesics
is recommended because of the risk of side effects [7].
Although PT modalities (ultrasound, laser, traction,
TENS, and thermotherapy) are commonly used in clin-
ical practice, there is no consensus in the literature on
their effectiveness [8]. Epidural steroid injections (ESI)
are known to be effective in short-term pain relief in
acute LDH [9]. However, the use of ESI may be limited
because of potential side effects and contraindications
associated with the drugs used (corticosteroid, local
anesthetic, and contrast agent) or injection [10].

Although the success rate of surgical treatment is
high, it is only recommended to patients who have pro-
gressive neurological deficits or are unresponsive to
conservative treatments due to probability of relapse
and complications. Therefore, it has been suggested
that minimally invasive, well-tolerated, and low-cost
ozone therapy (OT) can be used as a complementary
treatment for patients with LDH who do not respond to
conservative treatments before resorting to surgery or
when surgery is not possible [2,11-14]. OT can be ad-
ministered through intradiscal, epidural/intraforaminal,
and paravertebral intramuscular injections. Intradiscal
or epidural ozone injections can be performed under
sedation and with the help of radiological imaging (flu-
oroscopy and computed tomography) [15]. On the con-
trary, paravertebral ozone injections (POI) are a rela-
tively easy and less invasive technique that can be per-
formed in outpatient clinic conditions without the need
for sedation and radiological imaging and may there-
fore be preferred [2,16,17]. However, to the best of our
knowledge, no study comparing these methods in terms
of efficacy was found in the existing literature.

Ozone is an unstable form of oxygen, and free radi-
cals formed upon contact with body tissues cause light
and transient oxidative stress, thereby stimulating the
upregulation of the antioxidant system, the modulation
of the immune system and the suppression of inflam-
matory processes. Thus, it is used as a complemen-
tary modality in the treatment of many degenerative,
inflammatory, vascular, or infectious diseases [12,18].
By injecting ozone directly into paravertebral mus-
cles intradiscally or indirectly in LDH, it has been re-
ported that it can reduce the disc volume and have anti-
inflammatory and analgesic effects [19-22]. Although
ozone injections in many European and Asian coun-
tries are used with increasing popularity in LDH, there
are few studies on their efficacy, many of which are
based on the results of intradiscal and intraforaminal

ozone injections [13,15,20,23]. There are no placebo-
controlled studies; however, there are a few studies with
active control groups among a small number of studies
using POI [2,5,7,24]. Therefore, the authors believe that
this randomized controlled trial (RCT) conducted to
determine the efficacy of POI as an additional treatment
in decreasing the pain and disabilities in patients with
acute LDH will have significant contributions to the
literature.

2. Materials and methods
2.1. Study design

A randomized controlled study design was employed
and reported in accordance with the CONSORT prin-
ciples. The study protocol was approved by the Clin-
ical Research Ethics Committee of Istanbul Gelisim
University (meeting date: November 18, 2019; Deci-
sion No. 20-22). This study was conducted in accor-
dance with the rules of the Declaration of Helsinki, and
all subjects provided written informed consent prior to
participation.

2.2. Farticipants

This study included patients who were 18 to 60 years
old, had LBP (radicular or non-radicular pain) (with
a VAS score of 5 and above) complaints for the first
time and for 4 weeks and less, and were diagnosed with
acute LDH. The diagnosis of LDH was made in the
presence of clinical findings (manual muscle testing,
positive supine straight leg raise test, dermatomal pain,
sensory deficits, and reflex deficits) consistent with pro-
trusion or extrusion image at the L3-L4, L.4-L5 or L5-
S1 levels reported by the radiologist in lumbar magnetic
resonance imaging (MRI).

The study was conducted between December 2019
and May 2020 at the PT and rehabilitation clinic of
Private Nisa hospital. The exclusion criteria in terms
of OT included pregnancy, lactation, hyperthyroidism,
favism (glucose-6 phosphate dehydrogenase enzyme
deficiency), sickle cell anemia, hypoglycemia, hypoten-
sion, and exogenous antioxidant vitamins use (vitamins
A, C, E, and B9). The exclusion criteria in terms of
LDH included spondylolisthesis, spinal stenosis, mus-
cle weakness due to radiculopathy, previous history of
lumbar surgery, and lumbar paravertebral or intradiscal
or epidural injections (ozone, steroid, local anesthetic,
prolotherapy, acupuncture, and dry needling) in the last
4 weeks.
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Assessed for eligibility (n=65)

Inclusion criteria:

Acute lumbar disc herniation
>18 to 60 years old
Acute low back pain (4 weeks)
VAS score 2 5

* Exclusion criteria (n=19):
Pregnancy, lactation,
hyperthyroidism, favism,

Baseline assessment

(n=46) neurological deficit,
spondylolisthesis, spinal
stenosis, previous history

of lumbar surgery,

formerly diagnosed with
LDH, lumbar injections
made in the last 4 weeks

[ ‘Ozon Therapy Group (n=23) ]

Day 15_V2 (n=23)

[ Placebo Control Group (n=23) }

Day 15_V2 (n=21)

Intervention period
(4 weeks)
2 sessions per week,
total 8 sessions

Lumbar
paravertebral
muscles ozone
injection

Day 60_V4 (n=20)

Day 30_v3 (n=19)

Day 60_v4 (n=18)

Post-intervention
assessment (n=38)

Lost to follow up (n=3)
Operated (n=1)

Those who did not come
to the last evaluation (n=2)

Lost to follow up (n=5)
Operated (n=2)

Those who did not come to
the last evaluation (n=1)

Those who did not complete
the interventions (n=2)

Fig. 1. Study flowchart.

2.3. Randomization

Randomization was done by a physician who did
not participate in the recruitment and treatment of the
participants. The participants were asked to choose a
number between 1 and 10. Those who selected odd
numbers were included in the PC group and those who
selected an even number were included in the OT group

(Fig. 1).
2.4. Interventions

The number of sessions, doses, and concentrations
in the OT were determined based on the Madrid Dec-
laration on Ozone Therapy (MDOT) [25] and the
recommendations of Societa Scientifica di Ossigeno-
OzonoTerapia (SIOOT) [26]. Intramuscular ozone
injections to bilateral lumbar paravertebral muscles

(15 mL for each side, for a total of 30 ml) were ad-
ministered by the same physician, who had received
formal training in OT, using 22-gauge needles through
an extraspinal approach (from 2 cm lateral to the spine
to a depth of 4 cm) for a total of 8 sessions (2 ses-
sions per week for 4 weeks) under sterile conditions.
On the vertebral level where LDH is, the injections
were slowly administered on 3 points each on the right
and left sides (5 ml for each point) and frequently to
the areas corresponding to L3-L4, L4-L5, and L5-
S1 without prior anesthesia in the polyclinic. The ad-
ministered ozone concentrations (ozone/oxygen gas)
were 20 pg/ml for the first 4 sessions and 25 pg/ml
for the next 4 sessions in the OT group, while in the
PC group, the ozone concentration was 0.1 pg/ml for
all the sessions. The ozone/oxygen gas mixture used
in the PC group was at a non-therapeutic concentra-
tion (0.1 pug/ml) and the injections in both groups were
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Table 1
Patients’ main clinical features

Ozone therapy  Placebo control

Variable group group P value
n (%) n (%)
Total 23 (100) 23 (100)
Sex 0.7657
Female 13 (56.5) 14 (60.9)
Male 10 (43.5) 9(39.1)
Pain 0.5467
Lumbar 15 (65.2) 13 (56.5)
Radicular pain 8 (34.8) 10 (43.5)
Physical therapy program 15 (65.2) 14 (60.9) 0.7607
Medication
Diclofenac sodium 13 (56.5) 12 (52.2) 0.552F
Naproxen 8 (34.8) 9(39.1) 0.546%
Paracetamol + codeine phosphate 10 (43.5) 12 (52.2) 0.555%
Thiocolchicoside 14 (60.9) 15 (65.2) 0.760%
Tramadol hydrochloride 6(26.1) 7 (30.4) 0.5341
Mean (SD) Mean (SD)
Age (years) 45.5(8.2) 46.9 (8.6) 0.579%
BMI (kg/m?) 27.3(5.2) 27.2(3.7) 0.966%
VAS* 7.6 (1.5) 7.5(1.5) 0.7698
oDI** 71.8 (17.4) 72.9 (17.0) 0.8268

*Visual analogue score at baseline (V1), **Oswestry disability index score at baseline
(V1). $Independent samples t-test, T Chi-square test, SD: Standard deviation.

performed using the same technique so that load and
fullness sensation commonly experienced by patients
treated with intramuscular ozone injections would not
differ in both groups and the placebo effect could be
achieved. The ozone generator used was Turkozone
Blue S (Ozon Health Services Corporation., Istanbul,
Turkey), which was certified by the National Ministry
of Health. Since ozone is administered as an additional
therapy, some patients continued to receive their PT
program and medication (Table 1).

The PT program included hot pack (20 minutes),
ultrasound (10 minutes and 1.5 Watt/cm?), transcuta-
neous electrical nerve stimulation (TENS) (20 minutes,
200 Hz, 100 ps pulse, and 10-30 mA), and exercise
therapy (10 minutes, lumbar range of motion, exercises
of stretching the hip flexors and hamstring muscles and
strengthening the paraspinal muscles) applied 5 days a
week for a period of three weeks.

In medical treatment, the patients used one or
more of the drugs diclofenac sodium (150 mg/day),
naproxen (1000 mg/day), paracetamol + codeine phos-
phate (600 mg + 30 mg/day), tramadol hydrochloride
(100 mg/day), and thiocolchicoside (8 mg/day) for 5 to
14 days.

2.5. Evaluations

The ages, sexes, and body mass indexes of the pa-
tients were recorded. The patients were evaluated us-

ing the visual analog scale (VAS) [27] and the ap-
proved Turkish version of Oswestry Disability Index
(ODI) [28]. The patients were assessed for pain (VAS)
and disability related to the LBP (ODI) at the sched-
uled visits before the treatment (V1), during the treat-
ment period (15 (V2) and 30 (V3) days after the treat-
ment started), and after the treatment ended (one month
(V4)). Evaluations were made by face to face interview.
The physician and patient who performed the assess-
ment, administered the POI, planned the PT program
and medication, were blinded to the OT doses. A dif-
ferent physician adjusted the ozone concentration from
the generator and drew it into the syringe. Additionally,
only this physician knew the ozone dose to be applied
to the patient. In addition, the adverse effects (load and
fullness sensation and pain at the injection site) of the
OT were recorded.

2.5.1. VAS

VAS is a measurement tool used to determine the
intensity or frequency of symptoms [29]. The VAS as-
sessment, which was used in this study to measure the
patients’ levels of pain, was made using figures from
“0” to “10,” marked equally in a 10-cm line. The au-
thors explained to the patients that “0” means no pain,
“5” means moderate pain, and “10” means unbearable
pain, and the patients were asked to mark the appro-
priate score on the line that described best their own
pain [27].
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2.5.2. ODI

ODI is one of the most commonly recommended
outcome measures for spinal cord disorders and is rec-
ognized as the “gold standard” of lumbar functional
outcome instruments. It consists of 10 physical activity
sections rated from O to 5. The total score is calculated
by adding up all the points marked in each section.
The total possible score is calculated by multiplying
the number of marked episodes by 5, and the maximum
possible score is 50. ODI total score (%) is calculated by
dividing the total score by the total possible score and
multiplying the quotient by 100. High scores indicate
that the individual is more affected by the disease [30].

2.6. Statistical analyses

All statistical analyses were performed using the Sta-
tistical Package for the Social Sciences version 20.0
(International Business Machines Corporation (IBM),
Chicago, IL, USA). All outcome analyses were per-
formed according to the principle of intention-to-treat.
The intention-to-treat analysis was conducted accord-
ing to a “worst-case-scenario” analysis: subjects who
did not complete the treatment or had not undergone
follow-up assessments were assigned a poor outcome,
corresponding to the final average change recorded
in per-protocol in the PC group [31]. The descriptive
statistics were presented as the mean £ standard de-
viation. The categorical variables were presented as
number (n) and percentage (%). The normality of the
data was assessed using the Shapiro-Wilk test. All the
continuous variables were observed to be normally dis-
tributed. The chi-squared test, independent samples ¢-
test, paired samples ¢-test, and two-way repeated mea-
sures analyses of variance (ANOVA) were used, as ap-
propriate. The independent samples ¢-test was used to
compare the pre-treatment and post-treatment measures
of the groups (between-group comparisons). The paired
samples t-test was used to compare the results of the
tests performed between the groups before and after the
treatment (within-group comparisons). A chi-squared
test was used to compare the nominal data. A two-way
repeated measures ANOVA with group as the between-
subjects factor and time as the within-subjects factor
was used to assess the presence of significant differ-
ences between and within the OT and PC groups before
and after the treatment and one month after the end of
the treatment. ' values and effect size (77;) values were
calculated for main effects (ODI and VAS) based on the
groups. For all analyses, the level of significance was
set at P-value of < 0.05.

Mean VAS scores at different follow-up

10

VAS
w
|

Vi V2 V3 Va4
N OT group 76 58 45 26
PC group 75 6,7 58 4.8

Fig. 2. Mean VAS scores at different follow-up in OT group (black
bars) and PC group (gray bars). Lower values correspond to clinical
improvement.

The sample size was calculated under the assumption
that 20% of the patients randomly assigned to the PC
group and 55% to the OT group would be pain-free at
the end of the treatment. On this basis, the minimum
number of patients to be enrolled in each treatment
arm would be 23 with at least 80% of power and 5%
significance.

3. Results

Of the 65 patients with acute LDH evaluated in the
study, 46 met the study criteria and were randomly
divided into two groups. Twenty of the 23 patients
in the OT group and 18 of the 23 patients in the PC
group completed the study. 8 patients (OT: 3 (13%);
PC: 5 (21.7%)) discontinued the study before comple-
tion (Fig. 1). Table 1 summarizes the clinical features
of the patients. There was no significant difference in
the baseline (V1) VAS and ODI scores between the two
groups (P > 0.05) (Table 1).

Fifteen (65.2%) patients in the OT group and four-
teen (60.9%) patients in the PC group received the PT
program (P > 0.05). The medication therapies of the
patients in both the groups were similar (P > 0.05)
(Table 1).

The patients in the OT group had lower VAS scores
in V2, V3, and V4 periods compared with those in the
PC group. Starting from V3, this difference became
significant and reached its peak in V4 (mean difference
2.2) (F =317.367; 7712, = 0.459; P < 0.0001) (Fig. 2).

When compared to the baseline (V1) ODI scores,
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Mean ODI scores at different follow-up
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Fig. 3. Mean ODI scores at different follow-up in OT group (black
bars) and PC group (gray bars). Lower values correspond to clinical
improvement.

there was a significant improvement in the V2 (mean
difference = 10.6; F' = 7.889; 77;2; =0.152; P =0.007),
V3 (mean difference = 15.2; F' = 25.792; nf, =0.370;
P < 0.0001), and V4 (mean difference = 23.1; ' =
72.453; 772 = 0.622; P < 0.0001) ODI scores of the
patients in the OT group compared with those of the pa-
tients in the PC group (P < 0.05) (Fig. 3). In addition,
there was a significant improvement in VAS and ODI
scores between baseline (V1) and final follow-up (V4)
in both groups (P < 0.05) (Figs 2 and 3).

At the end of the follow-up, the VAS scores fell below
5 in 100% of the patients in the OT group and in 38.8%
of the patients in the PC group. Furthermore, 3 patients
became completely pain-free in the OT group.

Load and fullness sensation and mild pain in the lum-
bar region lasting several hours during the ozone in-
jections were observed in all the patients, more pro-
nounced in the patients of the OT group. These adverse
effects, which were more common during the first ses-
sions, gradually decreased in the subsequent sessions.
No other side effects were observed during the follow-
up period. Since the follow-up process was short, no
patient underwent a control MRI.

4. Discussion

In this study OT was used as an additional treatment
in patients with acute LDH who were diagnosed with
LDH for the first time and had no absolute surgical
indications. There were significant improvements in
the pain and disability scores of the patients in the OT
group compared with those in the PC group.

Minimally invasive OT methods (intradiscal, epidu-
ral, and paravertebral), which have been widely used in
treating many diseases in recent years, are used in treat-
ing LDH [2,11-13]. In treating acute LDH, there are
other effective conservative therapies (PT modalities,
exercises, and ESI) [2,5,7]. However, in cases where
these treatments cannot be performed or no response is
obtained or surgery is not possible, POI, a minimally
invasive OT application, may be required because it has
some advantages.

PT modalities (ultrasound, laser, traction, TENS, and
thermotherapy) are commonly used in clinical prac-
tice in treating acute LDH [32]. Tailored therapeutic
exercises and spinal manipulation can be effective op-
tions [8,9]. Most therapists consider these interventions
to be effective [32,33]. Although there are studies that
support this [32,34], there is insufficient evidence in
the treatment guidelines to make a recommendation for
or against the use of these modalities [8,9]. Because
of this contradiction between the use of PT applica-
tions in clinical practice and the recommendations in
the guidelines, the effectiveness of PT is still under
discussion. Despite these discussions, this study also
used PT modalities and therapeutic exercises in terms
of their effectiveness in treating LDH, and results that
support the complementary role of the additional POI
application have been reached.

ESI is recommended in LDH treatment guidelines
because of its pain-relieving properties in patients who
do not respond to other conservative treatments [8,9].
Although this intervention is generally shown to be safe,
it is known that it has certain risks [10]. These risks are
potential side effects arising from the injection itself
(headache because of dural perforation, bleeding, in-
fection, and vasovagal reaction) or the pharmacological
agents used (allergic reactions, increased blood sugar,
mood changes, and insomnia) [10]. The use of ESI may
be limited by such side effects and contraindications
such as uncontrolled diabetes mellitus [10]. In such
cases, POI, which is a more superficial percutaneous
injection that does not have any corticosteroid or local
anesthetic side effects and is not related to dura, may be
preferred. Furthermore, POI may be preferred over ESI
because it can be applied relatively easily in outpatient
clinic conditions without the requirement for sedation
and imaging assistance [2,16,17].

In LDH, intradiscal, intraforaminal, and POI ex-
hibit some direct and indirect mechanical and anti-
inflammatory effects [2,11-14]. It is reported that ozone
has an effect on activating proteoglycans, on reducing
ischemia and venous stasis, on reducing the release of
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pro-inflammatory cytokines (interleukin (IL)-1, IL-2,
1L-8, IL-12, IL-15, interferon-ov and tumor necrosis
factor-c), and on increasing the release of immuno-
suppressor cytokines (transforming growth factor-g 1
and IL-10) [2,5]. All these effects suggest that ozone
can reduce the disc volume and nerve root pressure and
have anti-inflammatory and analgesic effects [5]. Thus,
ozone may have positive results on the mechanical com-
pression and inflammatory responses of the disc respon-
sible for the pathophysiology of pain in LDH [35,36].
Furthermore, it has been reported that ozone injection
at the paravertebral level can exert its effects even far
from the application site because of its local antiphlo-
gistic properties that improve axonal function [2]. In
addition, it is possible to achieve analgesia by creat-
ing a direct effect on the possible trigger points with
POI [2,12]. Therefore, POI, which lead to a complex
set of chemical and neurological reactions that result
in a reduction in pain in LBP with both needle and
gas injections, were called “chemical acupuncture” by
Bocci [37]. The authors believe that the improvement
in the pain scores in this study may have resulted from
the anti-inflammatory effect of the POI and their effect
on the trigger points.

Intradiscal and intraforaminal ozone injections have
been used in the treatment of LDH for over 20 years [23,
38]. In a few studies on these procedures in the lit-
erature, clinical success of up to 70-80% was re-
ported [23,38]. In their review, Magalhaes et al. [20]
reported the evidence level of intradiscal OT for long-
term pain relief as strong recommendation and low
quality. In the same review, the evidence level of par-
avertebral OT was reported as strong recommendation
and medium quality. However, data regarding OT are
limited because of the absence of a placebo-controlled
study in this meta-analysis and the fact that the two
paravertebral ozone RCTs [2,5] were performed with
an active control group [20]. To the best of the authors’
knowledge, this study was the first POI study conducted
with a PC group. In most studies conducted, POI were
administered to patients with chronic LBP. To the best
of the authors’ knowledge, this study is the third one
conducted in an acute LDH setting [2,24].

In the literature, authors found three RCTs [2,5,
241, one prospective non-RCT [7], and three retro-
spective [11,14,17] studies on the treatment of LBP
with POL In these studies, with non-PC groups, POI
were compared to analgesic and anti-inflammatory
drugs [24], simulated therapy [2], global postural re-
education [17] and epidural steroid [5] administration
as active control groups, and they all found more sig-

nificant improvements in the pain and disability scores
in favor of OT. In this study, improvements in the pain
and disability scores of the patients in the OT group
were more significant compared with those of the pa-
tients in the PC group. Melchionda et al. [24] reported
that the success rate of POI compared with analgesic
and anti-inflammatory drugs was 50% vs. 16.6% in the
second week and 80% vs. 50% in the 6-month follow-
up. Paoloni et al. [2] found that 61% of the patients in
the paravertebral ozone group and 33% in the simu-
lated therapy group became pain-free after 6 months
of follow-up. Out of 351 patients with chronic LBP,
Zambello et al. [5] treated 171 patients with epidural
steroid and 180 patients with POI. Total or near-total
remission of pain was observed in 88.2% of patients in
the OT group in the short term (three weeks) and 77.1%
in the long term (six months). These rates were 59%
and 47.3%, respectively, in the epidural steroid group.

There is no consensus in the literature on the stan-
dard ozone doses and concentrations in POI. Paoloni et
al. [2] administered POI at a concentration of 20 pg/ml
in a volume of 20 ml 3 times a week for 5 weeks, Bi-
azzo et al. [14] administered POI at a concentration
of 27 pug/ml in a volume of 20 ml twice a week for
6 weeks, and Ozcan et al. [11] administered POI at a
concentration of 15 pug/ml in a volume of 50 ml once
a week for 6 weeks. Based on the recommendations
of SIOOT [26] and MDOT [25], it is reported that the
concentration of ozone is 10-20 pg/ml, the total volume
is 5-40 ml, and the total dose is 50-400 pg. It has been
reported that the frequency of administration can be
up to 20 sessions, starting with two sessions per week
and continuing with once a week or every other week.
Bocci et al. [12] reported that the ozone concentration
should not be below 18 pg/ml or higher than 25 pg/ml.
They stated that low doses may be ineffective, while
high doses may cause severe pain and risky vasovagal
reflex. In this study, taking into account all these pro-
cedures and recommendations, the authors determined
the ozone concentration to be 20-25 pg/ml, its volume
to be 30 ml, and its frequency to be twice a week for
4 weeks in the OT group.

Side effects reported in POI are extremely rare. In-
fection, a common risk for any invasive procedure, has
been reported in POI. There is one case of death in
the literature becaus of pyogenic muscle involvement
and fulminant septicemia following POI [39], and one
case of paravertebral and intraabdominal abscess that
developed two months after POI and was treated with
antibiotic therapy [40]. These infections may have been
caused by the lack of sterility in the injection area dur-
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ing the procedure and that close attention should be paid
to sterility. The authors performed the procedures in
this study under sterile conditions and did not encounter
any infection during the follow-up period. Moreover, it
is known that ozone has antimicrobial and disinfectant
properties [41]. Except for the possible risk of infection
in POI, no significant side effects were reported except
for mild pain in the injection area and fullness sensation
and transient ecchymosis, which were reported in the
literature and observed in our study [2,11,12]. This sup-
ports the idea that POI can be safely administered at the
recommended dose range after the necessary sterility
conditions are met.

4.1. Study limitations

The low number of cases and short follow-up period
(two months) are the most important limitations of this
study. Although the lack of a standard treatment pro-
tocol for POI in the literature is a general limitation,
the authors have considered widely accepted consensus
recommendations in this study. Another limitation that
made patient comparison more difficult was that some
patients received various medications and PT programs
other than the ozone therapy. However, there was no
statistical difference between the groups of the patients
who received the same PT program and similar medica-
tions. Finally, because there was no cost-effectiveness
analysis in our study, no conclusion could be drawn
on this issue. However, it can be concluded that this
minimally invasive procedure is a relatively inexpensive
form of treatment because it can be performed in an
outpatient clinic without any radiological imaging aid,
as in this study.

5. Conclusion

Although there are other effective conservative treat-
ments in acute LDH, it can be said that, as an additional
treatment combined with conservative treatment, lum-
bar POI can lessen pain and disability. It can be con-
cluded that these minimally invasive ozone injections
can be used as an effective complementary intervention
to treat acute LDH. However, RCTs with a higher num-
ber of patients and longer follow-up periods are still
needed.
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