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Background: Disk herniation (DH) is one of the most common disk lesions, inducing low back pain (LBP). Various therapeutic options
have been proposed for treatment of disk herniation (DH). Intradiscal injection of ozone has been suggested for treatment of DH.
Objectives: To determine the effect of intradiscal ozone injection on pain score and disability in patients with LBP from disk prolapsed.
Patients and Methods: Patients with LBP diagnosed with DH were enrolled in this clinical trial study. After prep and drape the area and
under the fluoroscopy guide (c-arm), intradiscal injection of ozone/oxygen mixture (4 mL, 40 ng/mL) was performed. Pain score and
functional ability of the patients according to Oswestry Disability Index (ODI) were measured prior to the injection (baseline) and then at
2 and 4 weeks and then at 3 and 6 months after the injection.

Results: Thirty patients (17 females, 13 males) with the mean age of 58.6 y (range, 42-73 y) enrolled in the study. The mean * standard
deviation (SD) of pain score before intervention was 8.1+ 0.8. After two weeks, it was reduced to 3.2+ 0.6 (P < 0.001) and finally dropped to
2.0 £ 0.6 sixth months after intervention (P = 0.0001). Functional status of ODI was 28.5 + 2.1 before intervention and showed significant
reduction after two weeks (with the mean of 12.3), and it was almost sustained till sixth months after intervention, with the mean of 11.4
(P=0.001).

Conclusions: Altogether, ozone had significant positive effects on patients with disk herniation unresponsive to other conservative and

minimally invasive treatments.
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1. Background

Low back pain (LBP) is one of the most common disor-
ders with prominent effects on patients’ clinical status,
socioeconomic situation, and public health. Its one-year
prevalence is estimated to be 22%-65%, besides 80% of
adults are involved with mild to severe LBP at some points
in their lives (1). In about 60%-80% of LBP cases, no specific
cause is diagnosed, and in many cases, they are attribut-
ed to muscle or ligament strain. In 5% to 15% of cases, the
origin of pain was attributed to degenerative joints and
disk lesions. Disk or nucleus pulposus herniation is one
of the most important disk lesions. Various therapeutic
options have been proposed for the treatment of disk
herniation (DH), including conservative treatments, less
invasive methods (steroid injection, chemonucleosis, in-
trathecal decompression, laser and annuloplasty), and
surgical methods. Non-invasive conservative methods
are the first choice in many cases, but failed treatments
pop up other less invasive options.

On the other hand, success rate of surgical approach is
reported at 49%-95%. Therefore, researchers are seeking

less invasive and safer methods. Some of the minimally
invasive procedures are used to induce shrinkage of disk
tissue, including intradiscal steroid, chemonucleosis, in-
tradiscal decompression, laser, discectomy, and annulo-
plasty. The common sense of these techniques is a direct
effect on disk structure without affecting spinal canal. In
a surgical procedure, scar tissue is composed of epidural
space, which compresses cord and induces bone adhe-
sions.

Disk herniation induces mechanical compression in ad-
dition to biochemical, immunologic and inflammatory
changes in the vicinity of disk area. Intradiscal injection
is a minimally invasive and inexpensive procedure that
induces disk shrinkage and alleviates nerve root inflam-
mation. This procedure is used in many countries, in-
cluding European countries. In this procedure, a mixture
of ozone and oxygen is injected into the disk (2). Ozone
affects nucleus pulposus macromolecular structures
(proteoglycans and collagens) and has longer duration
of action compared with steroid injection in previous re-
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ports (3). On the other hand, ozone directly affects disk
structures without access to the spinal canal (2). It blocks
inflammatory reactions in intraforaminal spaces (due
to limited intradiscal space and leakage of gas into this
space) and provides rapid and long-term pain relief with
minimally invasive procedure and no significant side ef-
fect (4-7).

2. Objectives

In this study, we aimed to determine the effect of intra-
discal ozone injection on pain score and disability of the
patients with LBP caused by prolapsed disk.

3. Patients and Methods

3.1. Study Design

Patients with LBP were enrolled in this clinical trial
study. Pain score and functional ability were measured
prior to injection (baseline) and then at 2 and 4 weeks
and later at 3 and 6 months after injection.

3.2. Primary and Secondary Outcome

Primary outcome of this study was to assess the pain
score before and after injection of ozone. Secondary out-
come was to assess the functional ability score at the time
points mentioned above.

3.3.Sample and Setting

The study was reviewed and approved by the Univer-
sity Review Board and Hospital Ethics Committee. All
patients gave their written informed consents prior to
the study according to University Hospital Ethics Board
Committee. After ethical approval, 30 patients who were
referred to the pain clinic due to LBP with or without ra-
dicular pain were enrolled in the study. Inclusion criteria
were as follows: patients with LBP due to disk disease and
VAS Score > 4, radicular pain concurring with imaging
for more than 4 weeks and less than 1 year and unrespon-
sive to conservative treatment. MRI findings has been
missed in inclusion criteria, which were corrected in the
revised manuscript. Discography for finding the correct
level of pain and determining pure discogenic LBP were
performed before ozone injection. MRI images concur-
ring with dermatome pattern of pain, SLR < 45 or equiv-
ocal SLR (LSP-leg pain), and functional impairment were
included. Exclusion criteria were positive red flags, pres-
ence of bleeding disorder, local infection, uncontrolled
or degenerative spine disease (spondylolysis and spon-
dylolisthesis), pregnancy, multilevel disk involvement in
discogenic studies, and patient refusal.

3.4. Data Collection

Demographic data, including age, weight, and BMI were
obtained. Vital signs at the time of admission, during in-

jection and after injection were collected. Pain score (us-
ing visual analogue scale), functional ability score (using
Oswestry Disability Index) and laboratory tests, includ-
ing FBS, Hgb, Hct, platelets, and coagulation tests (CT, BT,
PT, PTT, INR) before and after ozone injection were record-
ed in the participants' questionnaire.

3.5. Intradiscal Ozone Injection

All procedures were performed in the operating room.
Patients were monitored for heart rate, blood pressure,
and oxygen saturation by pulse oximetry. An IV line ac-
cess was inserted, and sedation was performed with ad-
ministration of 0.02 mg/kg midazolam and 1 pg/kg fen-
tanyl in prone position. After prep and drape and under
fluoroscopy guide (c-arm) intradiscal injection of ozone|
oxygen mixture (4 mL, 40 ng/mL) was performed. After-
ward, patients were monitored for extra 4 hours in the
recovery room for vital signs and sensory and motor re-
flexes. Then patients were advised for relative bed rest at
home for 48 to 72 hours.

3.6. Statistical Analysis

The data were analyzed with the Software Package for
the Social Sciences (SPSS, version 19.0). Data distribution
was checked by histogram. Repeated measures ANOVA
was used to compare within-subjects with between-sub-
jects effects. 2-tailed P value lower than 0.05 was consid-
ered as significant. Sample size was calculated based on
previous studies, presuming o = 0.05, power of 80%, and
the prediction of pain relief in the ozone group as a mini-
mum clinical difference of 40%.

4.Results

Thirty patients (17 females, 13 males) with the mean age
of 58.6 y (range: 42-73 y) entered in the study. The mean
+ standard deviation (SD) of pain score before interven-
tion was 8.1+ 0.8. Vital signs were not significantly differ-
ent between patients within the group and between two
groups. After two weeks, the mean and standard devia-
tion of pain score was reduced to 3.2+ 0.6 (P < 0.001). This
significant reduction was observed in subsequent mea-
surements and finally reached to 2.0 + 0.6 sixth months
after intervention, (tests of within-subjects effects; P <
0.001 and tests of within-subjects contrasts; P < 0.001)
(Table 1and Figure 1).

Also, the functional status of the patients according to
Oswestry disability index (ODI), showed a significant im-
provement in the follow-up period compared with the
period before the intervention. The mean + SD of ODI was
28.5 + 2.1 before the intervention. There was more than
50% reduction in ODI after two weeks (the mean of 12.3)
and it was almost sustained till sixth months after the in-
tervention, with the mean of 11.4, (tests of within-subjects
effects; P < 0.001 and tests of within-subjects contrasts; P
<0.001) (Table 2 and Figure 2).
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Figure 1. Oswestry Disability Index (ODI) During 6 Month After Ozone
Injection

Table 1. Comparison of Pain Score Measured by Visual Analog
scale (VAS) in Follow-up Period With the Baseline @

Time Points VAS for pain (n=30)
Mean + SD 95% CI
baseline 8.1+0.8 7.8-8.4
2 weeks P 32+0.6 3.03.4
4 weeks P 21+0.6 1923
3monthsP 15£0.5 1317
6 months P 2.0£0.6 1.82.2

2 Abbreviations: VAS, Visual analog scale; SD, standard deviation; CI,
confidence interval.
P Value < 0.001 compared to baseline.
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Figure 2. Pain Score Measured by Visual Analogue Scale (VAS) 6 Months
After Ozone Injection
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Table 2. Comparison of Oswestry Disability Index in Follow-up
Period With the Baseline @

ODI (n=30)
Mean = SD 95% CI
Baseline 285+21 27.7293
2 weeks P 123418 1.612.9
4 weeksP 13342.0 12.6-14.1
3monthsP 12.0+14 11.412.5
6 months P 1.4+18 10.7121

2 Abbreviations: ODI, Oswestry disability index; SD, standard deviation;
CI, confidence interval.
Pvalue < 0.001 compared with the baseline.

Patients’ age did not show any significant correlation
with pain score or ODI. There was no significant differ-
ence between males and females in terms of pain score
or ODI (tests of between-subjects effects, P=0.919 and P=
0.561, respectively).

5. Discussion

Disk herniation pathology is composed of both mechan-
ical (nerve roots compression) and biochemical factors
(immunologic and inflammatory factors) within the disk
space. Ozone injection could significantly decrease intra-
discal inflammation and inflammatory process (8). It is
a minimally invasive and inexpensive procedure which
directly minimizes intradiscal space inflammation and
decreases intraforaminal adhesion bands, which induce
short-term and long-term pain relief as showed in our
results (9, 10). Although there was a significant decrease
in pain score and disability two weeks after intradiscal
ozone injection; however, the trend of this reduction
was continued up to 6 months. Besides, VAS score is an
objective scoring and minor flicks are expected during 6
months follow-up. Intradiscal ozone is effective in pain
relief as we indicated in our study.

Notably, pain relief depends on many factors, including
mechanical and chemical factors. It is well known that
feeling pain (with or without radicular pain) is due to
both mechanical and chemical factors. Mechanical fac-
tors affect disk and its innervations while chemical fac-
tors include systemic and local inflammatory reactions
(4). Intradiscal ozone injection was first introduced by
Muto et al. (5) with positive results. In later studies, posi-
tive results of intradiscal ozone injections were depicted.
However, long-term efficacy is an issue in many previous
studies (6, 11-13). Moreover, patients vary tremendously in
their response to intradiscal ozone injection; therefore,
itsroutine use in these patients has been called into ques-
tion in pain clinics. In Das et al. study (14) both pain and
disability scale decreased but long-term efficacy was not
investigated.

In another interesting study, Alvarado et al. performed
intradiscal ozone injection in 17 patients and paraverte-
bral ozone injection in 103 patients. After 4 months, pain
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relief was observed in 94% of the patients with intradis-
cal injection and 86% of the patients with paravertebral
injection (15). One important aspect of our study is that
we showed a significant decrease in pain and functional
disability in a very short period after injection (2 weeks),
which remained reasonably stable for quite a long period
(6 months). In Gallucci et al. study (16), treatment with
intradiscal and intraforaminal injection of steroid and
oxygen-ozone versus steroid alone were compared. ODI
was better 2 weeks and 6 months after administration of
ozone plus steroid compared with steroid alone group;
however, they have used a control positive for their study;,
which was flawed by its non-specific results (on intradis-
cal ozone injection pain relief effects). Buric et al. study;,
(6) on 45 patients showed a positive effect of intradiscal
ozone on pain scale. Muto et al. showed positive effects
of intradiscal injection in 70% of 2200 patients with LBP
(7). Same effect was observed in Anderola study by intra-
discal injection of ozone and preganglionic injection of
steroid in patients with resistant LBP (17).

Although major progress has been made in under-
standing the mechanism of ozone, but its major pathway
is still enigmatic. Ozone not only decreases nerve root
compression by reducing disk size, but also decreases
vascular stasis by improving microcirculation and oxy-
gen saturation and reduces pain through alleviating hy-
poxic related pain (18). As a matter of fact, ozone directly
affects disk structures without access to the spinal canal
(2). On the other hand, ozone inhibits inflammatory re-
action by inhibition of prostaglandins and bradykinin in
intraforaminal spaces (19). Altogether, ozone has signifi-
cant and positive effect on patients with disk herniation
unresponsive to other conservative and minimally inva-
sive therapies. Nevertheless, the present study has several
limitations, including lack of a control group, or blind-
ing. Future studies with larger sample size are required
to perform a better review of ozone effects on disk LBP.
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