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Intramuscular Oxygen-Ozone Therapy in the
Treatment of Acute Back Pain With Lumbar
Disc Herniation
A Multicenter, Randomized, Double-Blind, Clinical Trial of Active
and Simulated Lumbar Paravertebral Injection
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Study Design. Multicenter randomized, double-blind,
simulated therapy-controlled trial in a cohort of patients
with acute low back pain (LBP) due to lumbar disc herni-
ation (LDH).

Objective. To assess the benefit of intramuscular-para-
vertebral injections of an oxygen-ozone (O2O3) mixture.

Summary of Background Data. Recent findings have
shown that O2O3 therapy can be used to treat LDH that
fails to respond to conservative management. However,
these findings are based on intradiscal/intraforaminal
O2O3 injection, whereas intramuscular-paravertebral in-
jection is the technique used most in clinical practice in
Italy and other Western countries.

Methods. Sixty patients suffering from acute LBP
caused by LDH was randomized to an intramuscular O2O3

or control group. Patients were observed up to assess
pain intensity, LBP-related disability, and drug intake (15
[V2] and 30 [V3] days after treatment started, and 2 weeks
[V4], and 3 [V5] and 6 [V6] months after treatment ended).

Results. A significant difference between the 2 groups
in the percentage of cases who had become pain-free
(61% vs. 33%, P � 0.05) was observed at V6. Patients who
received O2O3 had a lower mean pain score than patients
who received simulated therapy throughout the observa-
tion period. A significant improvement was observed in
LBP-related disability in the study group patients when
compared with the control group patients. Active O2O3

therapy was followed by a significantly lower number of
days on nonsteroidal anti-inflammatory drugs at V2 and

V3 and by a lower number of days at V4. No adverse
events were reported.

Conclusion. Treatment of LBP and sciatica is a major
concern. Although the natural history of acute LBP is
often self-limiting, conservative therapies are not always
effective; in such cases, O2O3 intramuscular lumbar para-
vertebral injections, which are minimally invasive, seem
to safely and effectively relieve pain, as well as reduce
both disability and the intake of analgesic drugs.
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Acute low back pain (LBP) is a major cause of disability,
including impairment in daily living activities and socio-
economic problems.1,2 Acute LBP is defined as pain that
occurs posteriorly in the region between the lower rib
margin and the proximal thighs that is of less than 6
weeks’ duration.3 Radicular pain is defined as a pain that
radiates below the knee whereas pseudoradicular pain
does not go beyond the knee.4 Although the exact patho-
genesis of acute LBP remains unclear, the prevalence of
lumbar disc herniation (LDH) is estimated to be higher in
patients with acute LBP than that in asymptomatic peo-
ple (57% and 20%–28%, respectively).5 Although inter-
nal disc disruption remains a controversial issue,6,7 it has
been suggested that this condition is a major cause of
acute LBP.8 Indeed, internal disc disruption has been
reported to be a cause in about 73% of cases of acute
LBP9 and, when associated with LDH, as a cause in
about 40% cases of radiating pain.10

Although the natural history of LDH tends to be fa-
vorable,11,12 relapses and recurrences are common, and
low levels of pain and disability may persist in some
patients.13–15

Numerous therapeutic interventions for the treatment
of LDH have been studied and performed, including
noninvasive treatments, minimally invasive procedures,
and surgery. It was recently demonstrated that back pain
improved in intervertebral disc herniation patients
treated both surgically and nonsurgically, though the de-
gree of improvement was significantly greater in patients
who underwent surgery; the difference between patients
who underwent surgery and those who did not remain-
ing statistically significant at 2 years.16 Relief from leg
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pain was also greater in the surgically-treated group, and
the degree of relief was greater than that reported for
LBP.16

Minimally invasive treatments, such as percutaneous
injections, a well-tolerated, low-cost procedure, have
been shown to yield good clinical results,17 though no
single treatment has yet proved to be clearly superior to
any other.18–20

Recent findings17,21–23 have shown that oxygen-
ozone (O2O3) therapy can be used to treat LDH that fails
to respond to conservative management, either before
recourse to surgery or when surgery is not possible.

O2O3 therapy is used in medicine to treat various con-
ditions24,25 and is based on the exploitation of the chem-
ical properties of ozone (O3), an unstable allotropic form
of oxygen. In the treatment of LDH, O2O3 therapy has
been proposed above all because it has: (i) a direct effect
on the proteoglycans composing the disc’s nucleus pul-
posus, which results in the release of water molecules
and the subsequent cell degeneration of the matrix;
this matrix is in turn replaced by fibrous tissue, which
leads to a reduced disc volume25; (ii) analgesic and anti-
inflammatory effects, which may counteract disc-
induced pain.17,25 As reported by Bonetti et al,22 a CT-
guided intraforaminal infiltration of an O2O3 gas
mixture seems to be as effective as periradicular steroid
infiltrations in patients affected by chronic and acute LBP
at the 1-week follow-up, while at the 6-month follow-up
results are even better in patients with disc disease who
receive O2O3 therapy than in those who receive steroid
infiltrations.22 Moreover, intraforaminal and intradiscal
injections of a combination of O2O3, steroids, and an
anesthetic are more effective at 6 months than injections
of a steroid and an anesthetic alone in the same sites in
the management of radicular pain related to acute
LDH.23 According to Andreula et al,17 a combined in-
tradiscal and periganglionic injection of medical O3 and
a periganglionic injection of steroids has a cumulative
effect that enhances the overall outcome of treatment for
pain caused by disc herniation.17

However, these findings are based on intradiscal/
intraforaminal O2O3 injection, whereas intramuscular-
paravertebral injection is the technique used most in clin-
ical practice in Italy and other Western countries. For
this reason, the Italian Public Health Ministry has re-
cently encouraged scientific institution to promote clini-
cal trials in this field. Otherwise on November 2006, the
Istituto Superiore di Sanità, the leading technical and
scientific public body of the Italian National Health Ser-
vice, has promoted a Consensus Conference about lum-
bar paravertebral intramuscular injection of O2O3 in ra-
dicular pain caused by LDH, which results have been
recently published.26

To assess the short- and long-term impact of intra-
muscular-paravertebral O2O3 injection on acute LBP,
we conducted a multicenter, randomized, double-blind,
“simulated therapy”-controlled clinical trial in a cohort
of patients with LDH. The aim of our trial was to assess

the benefit, if any, of O2O3 therapy as opposed to simu-
lated injection in this target group, as expressed in terms
of the number of pain-free patients at the end of treat-
ment and treatment continuation.

Materials and Methods

Patients of both sexes aged between 18 and 65 years, seen
between October 2004 and December 2006 in 3 medical reha-
bilitation centers in the North (Studio Medico Prof. Franzini,
Bergamo, Italy), South (CMR spa, Centro Medico di Diagnos-
tica e Riabilitazione, Sant’Agata di Goti [BN]), and center of
Italy (Physical Medicine and Rehabilitation Unit, Azienda Poli-
clinico Umberto I, Roma), were included if they reported acute
LBP and/or radiating pain of moderate to severe intensity (�5
on a 10-cm visual analog scale [VAS]) to one leg, and MRI
evidence of disc protrusion with or without disc degeneration
in the spinal segments involved in the pain. Acute LBP was
defined as pain that occurs posteriorly in the region between the
lower rib margin and the proximal thighs for less than 10 days
in a patient who has been pain-free in the previous 3 months.
Radiating pain was defined as pain, of less than 10 days’ dura-
tion in a patient who has been pain-free in the previous 3
months, that radiates down the posterior or lateral part of the
leg beyond the knee, with positive findings (reproduction of
symptoms) at nerve tension tests (i.e., straight leg raise or bow-
string).

Local and radiating pain were assessed using a 10-cm hori-
zontal VAS with 0 cm labeled “no pain” and 10 cm “worst pain
I have ever had.” Subjects were asked to answer the question:
“referring to the worst pain you have experienced in your life,
what was the relative level of your back pain or radiating pain
in the last week?” by placing a mark somewhere along the line.

Disc abnormalities were classified according to the Modic
classification27 and subjects with 4A herniated disc (protrusion
with an intact anulus) were included in the study.

Exclusion criteria were: clinical signs of radiculopathy (i.e.,
tendon reflex loss, myotomal weakness, sensory abnormali-
ties); cauda equina syndrome, progressive neurologic deficit,
and/or steppage due to complete L4–L5 damage, considered as
lesions requiring surgery28; lumbar stenosis; spondylolisthesis;
previous spinal surgery; diabetic neuropathy; body mass index
�30; lumbar scoliosis �20°; lower limb length difference of
more than 1.5 cm on plain radiographs; pregnancy; and favism,
in which O2O3 therapy is contraindicated. Patients were also
excluded if they had already received O2O3 therapy, to avoid a
possible failure in the blinding procedure.

All the patients were orally informed of the potential risks of
treatment as well as of the possibility of unknowingly receive
simulated therapy. Written informed consent was obtained
from all the subjects, and the procedures followed were ap-
proved by the Committee on Human Experimentation of the
institutions involved.

Patients who met the eligibility criteria were randomized
blindly to either the study group (SG) or control group (CG)
using a computer-generated allocation sequence generated at
the trial coordinating center. As soon as local investigators
from the different centers enrolled patients, they informed the
trial coordinating center by telephone to receive the assigned
treatment group for each eligible patient.

On admission, every eligible patient was interviewed di-
rectly and given a complete physical examination and, where
indicated, blood biochemical, hematological, electrophysiolog-
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ical, and radiologic tests were performed. Data on pain (site,
number of segments, aggravating factors), VAS scores, disabil-
ity related to acute LBP, the patients’ psychological profile, and
quality of life were collected during the interview.

The Italian version of the Backill questionnaire,29 which
includes 27 functional questions and 4 questions qualifying the
type of pain, was used to assess condition-specific pain and
disability. The psychological profile was scored using the Ital-
ian translation of the Kellner rating scale.30 The Italian version
of the Rand 36-Item Health Survey (Short Form-36)31 was
used to assess quality of life. MRI findings of disc protrusion
were obtained on admission and verified at the 45-day follow-up
using the same procedure and equipment. MRI examinations
were read by the same radiologist in each center and disc protru-
sion changes were assessed using the Modic criteria.27

Patients in the SG received 15 intramuscular infiltrations
(3/wk for 5 consecutive weeks) of an O2O3 mixture (20 mL)
with an O3 concentration of 20 �g/mL, obtained by means of a
Multiossigen PM95 generator (Multiossigen s.r.l., Gorle, Ber-
gamo, Italy). The intramuscular injection was administered in
the paraspinal lumbar muscles, bilaterally (10 mL for each side)
using an extraspinal lateral approach, under sterile conditions,
using a 22-gauge needle. The sites most frequently treated were
those corresponding to L4–L5 (65%) and L5–S1 (25%). An
injection time of 15 seconds was used, since a longer injection
time was deemed unsuitable because of the instability of med-
ical O3, which starts decaying (2 �g/mL) after about 20 sec-
onds. No premedication or anesthesia was given, and the pro-
cedure was performed in an outpatient clinic.

Patients in the CG received simulated treatment that lasted
as long as the O2O3 treatment (15 infiltrations, 3/wk for 5
consecutive weeks). The simulated injection was administered
using a false needle that pricked the skin without piercing it,
applied at the lumbar paraspinal level, followed by hand-
applied pressure on the same site designed to reproduce the
load sensation commonly described after O2O3 injections.

To avoid possible blinding failure, the injection site in pa-
tients in both groups was covered with a water-proof plaster
that was removed by the treating physician before the subse-
quent treatment session.

Both the active and simulated treatments were administered
by the same physician at each center, who had received formal
training in O2O3 therapy. After admission, the patients re-
ceived an ad hoc diary in which they were asked to record,
throughout the observation period, the days of pain, any non-
steroidal anti-inflammatory drugs prescriptions, including the
dose and kind of prescription. No opiates, steroids, or physical
methods (e.g., therapeutic exercise, traction, physical therapy)
were allowed. Daily variations in pain were assessed by means
of a 10-cm horizontal VAS with 0 cm labeled no pain and 10
cm worst pain I have ever had. Subjects were asked to answer
the question: “referring to the worst pain you have experienced
in your life, what was the relative level of your back pain or
sciatica today?” and responded by placing a mark somewhere
along the line. Patients were also assessed for pain (VAS) and
for disability related to the LBP (Backill questionnaire) at the
scheduled visits during the treatment period (15 [V2] and 30
[V3] days after treatment started) and after treatment ended (2
weeks [V4], and 3 [V5] and 6 [V6] months). The assessors who
were different from the investigators who enrolled the partici-
pants, were blind to the assigned treatments.

The primary outcome measures were: (i) the number of pa-
tients who were pain-free at the end of treatment (pain-free

condition was defined as a VAS score �1) and (ii) treatment
failure, which was defined by the number of patients who in-
terrupted the treatment they had been assigned because of no
benefit (no reduction in pain). Participants were free to inter-
rupt or continue the assigned treatment depending on their
impressions of improvement and satisfaction.

Secondary outcome measures included changes in the Back-
ill questionnaire score at each follow-up, changes in the VAS
score at each follow-up, the mean number of days on nonste-
roidal anti-inflammatory drugs during the treatment period,
and the number of cases in which MRI (at 45 days) revealed at
least a reduction in disc protrusion.

Statistical Analysis
Statistical analysis was performed using the SSP 2.5 statistical
package (Smith’s Statistical Package, version 2.75, 2004, Gary
Smith, Pomona College, Claremont, CA).

All primary and secondary outcome analyses were per-
formed according to the principle of intention-to-treat. The
intention-to-treat analysis was carried out according to a
“worst-case-scenario” analysis: subjects who did not complete
the treatment or had not undergone the posttreatment or final
follow-up assessments were assigned a poor outcome, corre-
sponding to the final average change recorded in the per-
protocol completer population in the CG.32 The �2 or Fisher
exact test, Student t test or the Mann-Whitney U test, and
analysis of variance (ANOVA) were used, as appropriate. The
choice of parametric or nonparametric tests was dictated by the
results of a normality test. A 2-way ANOVA with group (treat-
ment vs. control) as the between-subjects factor and time as the
within-subjects factor was used to assess the presence of signif-
icant differences between the SG and CG and within each group
before and after treatment and at the 6-month follow-up. A
Tukey post hoc comparison was used to identify significant
differences between mean values when a significant main effect
and interaction were found. For all analyses, the level of signif-
icance was set at P � 0.01.

Sample size was calculated under the assumption that 20%
of patients randomized to simulated therapy and 55% of those
randomized to O2O3 would be pain-free at the end of the treat-
ment. 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.

Results

During the study period, 327 outpatients with at least
moderate acute LBP were seen at the study centers. Of
these, 267 were not randomized because they were either
ineligible (n � 225) or because they declined the invita-
tion to participate (n � 42) (Figure 1). A total of 60
patients were randomized to either the SG (n � 36) or
CG (n � 24). Table 1 summarizes the patients’ main
clinical features. The 2 treatment groups were fairly well-
balanced as regards pain intensity.

At the end of follow-up, there was a significant differ-
ence between the SG and CG in the percentage of cases
who had become pain-free (61% vs. 33%, P � 0.01)
(Table 2).

Six patients (SG: 2 [5.6%]; CG: 4 [16.7%]) inter-
rupted the treatment before the end of the study period
because of unsatisfactory results (Figure 1).
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Patients who received O2O3 had a lower mean VAS
score at V2 than the patients who received simulated
therapy (mean difference 1.5) (Figure 2). The mean dif-
ference increased slightly at the subsequent visits, the

peak (2.3) being reached at V6. These differences were
significant at the 2-way ANOVA (F: 43,390; P �
0.0001).

A significant improvement was observed in the Backill
scores in the SG patients, when compared with the CG
patients, at V3, V4, V5, and V6 (mean difference 3.6,
7.6, 10.3, and 8.9, respectively) (Figure 3). An improve-
ment was observed in the Backill scores between the
baseline and final follow-up in both groups (SG:
�13.0; CG: � 5.6), but reached significance in the SG
alone.

Active O2O3 therapy was followed by a significantly
lower number of days on nonsteroidal anti-
inflammatory drugs at V2 and V3 and by a lower
(though not significant) number of days at V4. No drug
intake was reported at V5 and V6 (Table 2).

There were no statistically significant differences in
the Kellner symptom scores and SF-36 scores between
groups (Table 3). Follow-up MRI findings were un-
changed from baseline for all the patients in both groups.
No adverse events were reported.

Randomization (n=60)

Study group (n=36)

Day 15_V3 (n=36)

Day 30_V4 (n=34)

Day 45_V5 (n=34)

Day 90_V6 (n=33)

Day 180_V7 (n=33)

Registred patients (n= 327)

Clinical Assessment (n= 285)

Declined partecipation (n= 42)

Not meeting inclusion criteria 
(n= 166)

Imaging Assessment (n= 119)
Not meeting inclusion criteria 
or requiring alternative 
treatment (n= 59)

Control group (n=24)

Followed up (n=36) Followed up (n=24)

Day 15_V3 (n=24)

Day 30_V4 (n=20)

Day 45_V5 (n=24)

Day 90_V6 (n=12)

Day 180_V7 (n=12)

Discontinued intervention (n=3)* Discontinued intervention (n=12)**

Lost to follow-up (n=4)
* Lack of efficacy  (n=3) 
**Lack of efficacy (n=12)

Figure 1. Flow diagram of the
study.

Table 1. Patient’s Main Clinical Features

Variable

Study Group Control Group

n % n %

Total 36 100 24 100
Sex

Male 18 50 10 41.6
Pain

Lumbar 12 33.3 8 33.3
Radiating pain–left leg 12 33.3 10 41.6
Radiating pain–right leg 12 33.3 6 25

Mean SD Mean SD
Age (yr) 48.8 13.6 47.2 11.9
VAS* 7.74 0.66 7.33 1.25
Backill† 26 5.1 24.5 6.8

*VAS at baseline (V1).
†Backill questionnaire score at baseline (V1).
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Discussion

The results of our study show that paravertebral intra-
muscular O2O3 injections, when compared with simu-
lated therapy, afford greater pain relief, as demonstrated
by higher number of pain-free subjects at the final fol-
low-up examination in the SG, and reduce drug intake in
people affected by acute LBP and/or radiating pain
caused by LDH. This reduction in pain is reflected not
only in a significant improvement in the Backill question-
naire score, which points to a reduced perception of LBP-
related disability, but also in the significantly lower pa-
tient drop-out rate because of persisting pain during the
treatment period.

These observations are not, however, accompanied by
MRI changes in disc abnormalities. It should, neverthe-
less, be pointed out that the pathophysiology of LBP and
radicular pain has not yet been fully understood.33 In-
deed, the mechanical effect of nerve root compression
does not seem to completely explain radicular pain.34

Inflammatory changes have been observed in lumbar disc
and periradicular tissues in people suffering from lumbar
and radiating pain,35–38 and a correlation has been
found between inflammatory changes in herniated
lumbar disc specimen and outcome after lumbar disc
surgery, with a lower VAS rating in those patients
showing inflammatory changes in the herniated disc af-
ter surgery.33

Both chronic compression and the antigenic proper-
ties of the nucleus polposus are presumable causes of the
inflammatory reaction. Given the inclusion criteria
adopted in our study, in which only subjects with a
Modic27 4A stage of herniated disc (protrusion with an
intact anulus) were considered, we may assume that the
inflammatory pain in our patients was due mostly to
chronic mechanical compression, rather than to an im-
mune reaction against the nucleus polposus. Conse-
quently, the possible mechanism of action of the O2O3

mixture may be found in the biochemical properties of
O3. Indeed, numerous biologic effects have been attrib-
uted to this unstable allotropic form of oxygen, including
an immunomodulating action39 and analgesic and anti-
inflammatory effects.25,40 This action is correlated
with: (i) the inhibited synthesis of proinflammatory
prostaglandins, the release of bradykinin, or the release
of algogenic compounds; (ii) the increased release of an-
tagonists or soluble receptors that neutralize proinflam-
matory cytokines, such as interleukin (IL)-1, IL-2, IL-8,
IL-12, IL-15, interferon-�, and tumor necrosis factor-�
(TNF-�); (iii) the increased release of immunosuppressor
cytokines, such as transforming growth factor-�1 and
IL-10.25,40

Table 2. Number (and Relative Percentage) of Patients
Becoming Pain Free at Each Follow-up and Mean Days
(and Standard Deviation) of Drug Assumption at Each
Follow-up for Patients of Both Groups

Variable

Study Group
Control
Group

P*n % n %

Patients becoming pain
free (VAS)

V2 0 0 0 0 NS
V3 2 5.6 0 0 NS
V4 4 11.1 0 0 NS
V5 14 38.9 2 8.3 �0.01†
V6 22 61.1 8 33.3 �0.01†

Mean(SD) Mean (SD) P*
Drug assumption, no. d

V2 2.56 (2.76) 5.33 (1.78) �0.01‡
V3 1.20 (1.41) 4.40 (2.67) �0.001‡
V4 0.67 (1.78) 2.83 (2.87) NS
V5 0 0 NS
V6 0 0 NS

*Between group differences.
†Fisher exact test.
‡Mann-Whitney U test.
NS indicates not significant.

Figure 2. Mean VAS scores at
different follow-up in SG (black
bars) and CG (gray bars). Lower
values correspond to clinical im-
provement.
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In our patients, an O3 concentration of 20 �g/mL was
used to avoid the risk of toxicity. Indeed, O3 concentra-
tions �60 �g/mL potentially exceed the capacity of an-
tioxidant enzymes (superoxide dismutase and catalase)
and glutathione to prevent accumulation of the superox-
ide anion (O2

�) and hydrogen peroxide (H2O2),41 which
can cause cell membrane degradation.42

No adverse events were observed in our series in either
the SG or CG. A case of fatal septic shock after intramus-
cular-paravertebral O2O3 injection was recently re-
ported in one study.43 The authors of that study sug-

gested that acute fatal septicemia should be considered as
one of the possible major complications of O2O3 therapy
in the treatment of a LDH. However, secondary septice-
mia after an invasive maneuver should be considered as a
complication due to an inadequate asepsis procedure.
Because we administered the therapy using a sterile pro-
cedure, every precaution was taken to avoid the risk of
infection at the injection site.

Our results are only slightly inferior to those pre-
sented by Bonetti et al,22 who found, after studying 306
patients randomly treated with either a CT-guided in-
traforaminal infiltration of O2O3 or periradicular steroid
infiltrations, that 84% and 74% of patients treated with
O2O3 were pain-free respectively at the 1-week and
6-month follow-ups. However, since those authors in-
cluded patients with both chronic and acute LBP, our
results may only be partly comparable. Moreover, no
mention was made by those authors of disability caused
by LBP, which, in our experience, strongly influences the
clinical outcome.

At the 6-month follow-up, our results seem to be com-
parable, in terms of pain reduction, disability, and drug
consumption, to those obtained by means of a combined
intradiscal and periganglionic injection of medical O3

and a periganglionic injection of steroids.17

Some concern still surrounds exactly how the gas mix-
ture is distributed after the injection. As we did not
perform a pre/post MRI control, we could not study
whether the O2O3 mixture reached the periradicular
space. However, since the MRI findings were not modi-
fied at the 45-day follow-up, one may speculate that the
action of O2O3 is exerted above all on the molecular
inflammatory aspects of LBP and radicular pain, and not
mechanically on root compression by the protruded lum-
bar disc. Indeed, as demonstrated by Igarashi et al44 facet
joint tissues of patients with LDH display an increased
level of inflammatory cytokines, though it remains lower
than that of patients with lumbar degenerative disor-

Figure 3. Mean Backill scores at
different follow-up in SG (black
bars) and CG (gray bars). Higher
values correspond to clinical im-
provement.

Table 3. Quality of Life (SF-36 Health Survey) and
Psychological Profile (Kellner Rating Score) of Patients
of Both Groups at Baseline

Study Group Control Group

Mean SD Mean SD

SF-36 health survey
Domain

Physical functioning 65.2 13.9 62.1 21.9
Role, physical 29.1 35.4 29.3 35.5
Bodily pain 31.8 10.3 31.8 12.6
General health 56.4 17.0 57.6 18.3
Vitality 55.7 14.1 54.4 15.2
Social functioning 56.2 12.7 54.0 14.4
Role, emotional 45.1 42.8 42.8 39.7
Mental health 73.5 13.9 70.2 11.7

Kellner rating scale
Item

Anxiety 6.2 2.6 6.0 2.8
Anxiety symptoms 3.3 2.3 3.5 1.9
Relaxed 2.4 1.6 2.5 1.6

Depression 4.0 3.1 4.0 2.8
Depression symptoms 2.0 1.9 2.2 1.4
Contented 2.1 1.7 2.2 1.6

Somatic 9.1 3.8 8.9 4.1
Somatic symptoms 5.3 3.2 5.3 4.2
Somatic well-being 4.4 1.7 4.3 1.5

Anger-hostility 3.5 2.9 3.3 2.6
Anger-hostility 2.1 2.5 2.2 2.4
Friendly 1.1 1.1 1.2 1.3
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ders.44 It could thus be speculated that inflammation of
facet joints accounts for part of the pain in lumbar dis-
orders, even when associated with LDH. From this point
of view, the O2O3 injection at a paraspinal level may act
as local antiphlogistic therapy.

One study recently demonstrated that nerve root com-
pression may lead to morphologic changes in the dorsal
horn of the lumbar cord.45 The authors of that study
speculate that nerve root compression disrupts the ax-
onal flow in the nerve fibers of the dorsal root, which in
turn causes Wallerian degeneration.45 Assuming that
this is true, the O2O3 mixture may even exert its effects
far from its application site on account of its antiphlo-
gistic properties, which would improve axonal function.
In particular, since TNF-� seems to play a key role in
inducting apoptosis of dorsal root ganglion cells,46 the
antagonistic effect exerted by the O2O3 mixture on TNF-
�25,40 may play an important protective role.

Another possible explanation for the therapeutic ef-
fect of injections may be a direct effect of the injection
procedure on trigger points in the paraspinal muscula-
ture. Indeed, dry needling of trigger points has been
shown to relieve pain in patients with myofascial pain
syndrome, even if to a lesser degree than a lidocaine
injection.47 However, since myofascial pain syndrome
patients more typically present neck pain or shoulder
girdle pain, as opposed to LBP, we believe that trigger
points are less likely to have had such an effect on acute
LBP in our sample. Consequently, the therapeutic effect
we observed is more likely to be due to the properties of
the O2O3 mixture than to the needling itself.

The main limitation of this study is the possible failure
of the blinding procedure. Because we did not conduct an
exit interview designed to investigate the patients’ per-
ceptions of the therapy they had received, we cannot
exclude the occurrence of unmasking. However, we at-
tempted to reduce the possibility of blinding failure by
excluding patients who had previously received O2O3

infiltrations and by masking the injection site.
As the external validity of our results is limited by the

fact that only LBP with disc protrusion was considered,
the findings need to be verified by replicating the study in
other settings. Moreover, only patients who had been
pain-free in the previous 3 months were included in our
study; this means that we may have included some pa-
tients affected by recurrent LBP, i.e., recurring episodes
of acute LBP with pain-free intervals of more than 3
months. It should be borne in mind that this may have
biased our results because of the differences in the natural
history of these conditions. However, the fact that the
natural history of a first episode of acute LBP is generally
more favorable than that of recurrent LBP might have
resulted in a worsening effect on the clinical outcomes of
our patients.

The action of the O2O3 mixture may be reduced by
the rapid decay to which it is subject. However, we
believe that this drawback can be avoided by injecting

the gas shortly after it is produced, as specified in our
protocol.

Lastly, as no cost-effectiveness analysis was per-
formed in our study, no conclusions can be drawn in this
regard; it should, however, be pointed out that this mini-
invasive procedure can be performed, as it was in this
study, in an outpatient clinic without any radiologic ar-
mamentarium, and is thus a relatively inexpensive form
of therapy.

Conclusion

Treatment of acute LBP with or without radiating pain is
a major concern. Although the natural history of acute
LBP is often self-limiting, conservative therapies are not
always effective; in such cases, O2O3 intramuscular lum-
bar paravertebral injections, which are minimally inva-
sive, seem to safely and effectively relieve pain, as well as
reduce both disability and the intake of analgesic drugs.

Key Points

● Minimally invasive treatments for acute LBP,
such as percutaneous injections, offer good clinical
results combined with a well-tolerated, low-cost
procedure.
● O2O3 intramuscular lumbar paravertebral injec-
tions seem to safely and effectively relieve acute
LBP with or without radiating pain, as well as re-
duce both disability and the intake of analgesic
drugs.
● The possible mechanism of action of the O2O3

mixture may be found in the biochemical proper-
ties of O3, which shows an immunomodulating ac-
tion, and analgesic and anti-inflammatory effects.
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