
Background: Neuropathic mechanisms largely contribute to radicular Low Back Pain (LBP) and an 
increase in oxidative stress is recognized as one of the possible causes of nerve damage, inducing 
axonal degeneration and myelin degradation of nerve fibers.

Objectives: We investigated whether a combination of nutraceutical supplements and oxygen-
ozone (O2-O3) therapy might reduce disability and improve clinical effects of pharmacological 
therapy in patients with acute radicular LBP. 

Study Design: This is a prospective, open-label, comparative observational study approved by 
the Institutional Review Board of the Sapienza University of Rome (RS 6285/2021). 

Setting: Physical Medicine and Rehabilitation Unit of Sant’Andrea Hospital. 

Methods: Within the scope of this study, 62 patients with acute radicular LBP diagnosed with disc 
herniation were assigned into 4 groups. The first group was assigned pharmacological therapy (n 
= 16), the second group was assigned pharmacological therapy and nutraceutical supplements (n 
= 15), the third group was assigned pharmacological therapy and O2-O3 therapy (n = 15), and the 
fourth group was assigned pharmacological therapy, nutraceutical supplements, and O2-O3therapy 
(n = 16). All patients who participated in the study were evaluated at the beginning of the study, 
2 weeks, and 4 weeks (T2) after the beginning of treatment using the Numeric Rating Scale (NRS-
11), Oswestry Disability Index (ODI), and 12-item Short-Form Health Survey. Opioid analgesic intake 
was noted from baseline to end of treatment (T2). 

Results: In each group was observed a statistically significant difference for all measures 
compared to the baseline. At the T2 evaluation time between groups for the Mann-Whitney U 
test, a statistically significant difference was found: in the ODI scale between groups B and A (P 
= 0.004), groups C and A (P < 0.001), and groups D and A (P < 0.001); in the NRS-11 between 
groups B and A (P = 0.017), groups C and A (P = 0.002), and groups D and A (P < 0.001); in the 
12-item Physical Component Summary score between groups B and A (P = 0.003), groups C and A 
(P = 0.002), and groups D and A (P < 0.001), while no significant differences between groups were 
observed in the 12-item Mental Component Summary score. The average days of opioid usage 
were similar in the 4 groups (8.33 in group A, 8.33 in group B, 8.33 in group C, and 8.75 in group 
D). However, the percentage of patients requiring adjuvant opioid therapy differed remarkably: 
60% in group A, 40% in group B, 20% in group C, and 25% in group D. 

Limitations: A small number of patients were recruited, and we did not perform long-term 
follow-up.

Conclusions: This study supports a multimodal approach combining nutraceutical supplements 
and O

2-O3 therapy with pharmacological therapy in the treatment of acute radicular LBP secondary 
to disc herniation. The combination of neurotrophic and antioxidant therapies represents an 
etiopathogenetic approach, not purely symptomatic, that reduces symptomatology and avoids 
progression of the nerve damage. 
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AAcute painful lumbosacral radiculopathy 
is a relatively common musculoskeletal 
complaint caused by the compression or 

irritation of a spinal nerve due to lumbar disc herniation 
or spinal stenosis (1). Symptoms include axial low back 
pain (LBP) radiating into the lower limbs, sensory loss 
or paraesthesia, numbness, and motor weakness (2). Its 
prevalence rate in patient populations is approximately 
3% to 5%, without gender predominance (3). 
Although many conservative approaches have been 
developed, the pharmacological analgesic therapy 
(e.g., analgesics, nonsteroidal anti-inflammatory drugs 
[NSAIDs], opioid analgesics, corticosteroids, muscle 
relaxants, antidepressants, and anticonvulsants) forms 
the mainstay of treatment (4,5). However, the efficacy 
and tolerability of commonly prescribed analgesic 
and adjuvant drugs have not been well established 
and there are no general recommendations and clear 
guidelines (6). So that the management of acute 
lumbosacral radiculopathy remains a major concern. 

Neuropathic mechanisms largely contribute to 
lumbosacral radiculopathy and an increase in oxidative 
stress is recognized as one of the possible causes of 
nerve damage, inducing axonal degeneration and my-
elin degradation of nerve fibers. Oxidative stress that 
develops after a peripheral neuropathic lesion leads 
to the activation of an inflammatory pathway involv-
ing the whole peripheral nerve and is responsible for 
pain and loss of nerve conduction functionality (7,8). 
Alpha-lipoic acid (ALA, thioctic acid) has been recently 
proposed for the treatment of patients with peripheral 
nerve injuries (9). Its potent oxidant scavenging (10), 
and anti-inflammatory properties has been recognized 
as part of the mechanism underlying the clinical benefits 
observed in treatment of diabetic neuropathy (11-14), 
radiculopathy syndrome caused by herniated disc (15), 
and other types of neuropathies, such as carpal tunnel 
syndrome (16). Other potential analgesic therapies are 
emerging, including myrrh and palmitoylethanolamide 
(PEA), an endogenous compound, involved in the reso-
lution of inflammatory processes and neuroprotection 
(17-20). Lastly, oxygen-ozone (O2-O3) therapy has been 
suggested as a therapeutic strategy for LBP thanks to 
its potential analgesic, anti-inflammatory, antioxidant, 
and immunomodulating action (21), showing a level of 
evidence of II-1 in the treatment of back pain second-

ary to herniated disc with a grade of recommendation 
1B (22). It has also been defined as “acupuncture chem-
istry” because the injection of the gaseous mixture and 
the needle puncture play a role in inducing a series of 
complex chemical and neurological reactions that lead 
to the disappearance of pain in the majority (i.e., posi-
tive responses in 70% to 80% of cases) of patients with 
LBP (23).

Since neuroinflammation, oxidative stress, and 
nociceptive factors play a pathogenetic role in acute 
lumbosacral radiculopathy, we investigated whether a 
combination of neurotrophic/antinociceptive nutraceu-
tical supplements and O2-O3 therapy might reduce dis-
ability and improve clinical effect of pharmacological 
therapy in these patients. 

Methods

This is a prospective, open-label, comparative 
observational study approved by the Institutional 
Review Board of the Sapienza University of Rome (RS 
6285/2021) and conducted according to good clinical 
practice and the ethics of the Helsinki declaration (24). 

Sample Size Calculation
We assumed a standard deviation change in the 

Oswestry Disability Index (ODI) of 15 and a minimum 
clinically important difference on the ODI of 8.0 (25). 
At 5% level of significance and 80% power of test, ß 
of 0.2, the sample size was calculated as 14 patients per 
group. An additional 5% was added to compensate for 
the patients lost to follow-up. Hence, the sample size 
was calculated to be 15 patients in each group.

Eligibility Criteria and Enrollment
The recruitment took place, from April 2021 to 

March 2022, at the Physical Medicine and Rehabilita-
tion Unit of Sant’Andrea Hospital, Rome, Italy. Patients 
of both genders with acute lumbosacral radiculopathy 
were eligible. 

Inclusion criteria were as follows: age 18-75 with 
an acute painful lumbosacral radiculopathy for < 3 
months; moderate or severe intensity of pain (Numeric 
Rating Scale: NRS-11 ≥ 6); and diagnosis of lumbar disc 
herniation confirmed with magnetic resonance imag-
ing or computed tomography studies of the lumbosa-
cral spine, related to clinical presentation. 
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Exclusion criteria were as follows: pain lasting > 3 
months; severe motor neurological deficit; cauda equi-
na syndrome; other spinal disorder as lumbar spinal 
stenosis, lumbar spondylolisthesis, ankylosing spondyli-
tis, or spinal tuberculosis; previous lumbar surgery; con-
traindications for corticosteroids; any contraindication 
to paravertebral infiltrative therapy with O2-O3, such as 
pregnancy, glucose-6-phosphate dehydrogenase defi-
ciency (favism), uncontrolled hyperthyroidism, severe 
cardiovascular diseases, and heart failure; any condi-
tion where spine surgical treatment is recommended; 
and diabetes mellitus. 

During the assessment, the study was explained 
in detail, and the inclusion and exclusion criteria 
were evaluated. Eligible patients who agreed to 
participate signed a written informed consent. The 
proposed patient flow through the study is shown 
in Fig. 1. 

After completing the baseline data, eligible pa-
tients were assigned to the study groups according 
to their medical history, and clinical and instrumental 
evaluations. The outcome measures were administered 
at baseline (T0), 2 weeks (T1), and 4 weeks (T2) after 

the beginning of treatment, coinciding with the end 
of treatment. The assessments at T0, T1, and T2 were 
carried out by the same physiatrist.

Study Procedure 
A total of 62 patients with acute lumbosacral 

radiculopathy were assigned to 4 treatment groups: 
group A received a pharmacological therapy; group 
B received a combination of pharmacological therapy 
and nutraceutical compounds; group C received a com-
bination of pharmacological therapy and paravertebral 
intramuscular O2-O3 therapy; and group D received a 
combination of pharmacological therapy, nutraceutical 
supplements, and paravertebral intramuscular O2-O3 
therapy (Table 1). 

Pharmacological Therapy
All patients received a pharmacological therapy 

with corticosteroid drugs. Two milliliters of betametha-
sone disodium phosphate 4 mg/2 mL was administered 
intramuscularly twice daily during the first week and 
once daily during the second week; then 2 tablets of 
betamethasone disodium phosphate 1 mg were ad-

Fig. 1. Patient flow chart. 
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ministered orally once daily during the third week. If 
deemed necessary based on the patient’s clinical symp-
toms, an adjuvant opioid analgesic with oxycodone/
naloxone 10 mg/5 mg, respectively, was administered 
once daily. Adjuvant opioid analgesic therapy could be 
discontinued by the patient upon subjective improve-
ment of the painful symptoms.

Nutraceutical Supplements 
Nutraceutical supplements can be used as ad-

junct therapies in patients with acute lumbosacral 
radiculopathy. In this study, a nutraceutical composed 
(Tiobec® Dol, Uriach Italy Srl) of ALA (404 mg), nonmi-
cronized PEA (non-m-PEA) (306 mg), and myrrh (Com-
miphora myrrha [Nees] Engl, oleum-gummi-resina) 
(100 mg), was administered in conjunction with phar-
macological therapy (group B) or with pharmacologi-
cal therapy and O2-O3 therapy (group D). Tiobec® Dol 
was prescribed twice a day for 4 weeks, at least 30 
minutes before a meal or 3 hours after (on an empty 
stomach). The 2 daily intakes were separated by about 
10 hours. The registration number for Tiobec® Dol at 
the Italian Ministry of Health is 80309. 

O2-O3 Therapy
The O2-O3 therapy was used for its analgesic, 

antioxidant, anti-inflammatory, and immunomodulat-
ing properties in conjunction with pharmacological 
therapy (group C) or with pharmacological therapy and 
nutraceutical supplements (group D). Patients received 
a total of 8 O2-O3 intramuscular injections, twice a week 
for 4 weeks. The O2-O3 intramuscular injection was 
administered in the paravertebral muscles correspond-
ing to the metamer of vertebral segment affected. For 
each treatment session, were performed 2 symmetrical 
injections of 10 mL of the O2-O3 gaseous mixture (15 
μg/mL concentration), obtained by means of a Multios-
sigen Medical 99 IR generator (Multiossigen SpA, Gorle, 
Bergamo, Italy). Under sterile conditions, the medical 
O2-O3 mixture was injected at 2 cm laterally from spi-
nous processes in the paravertebral muscles, making 
sure not to be inside a blood vessel. 

Measurements
The primary outcome was improvement in func-

tional disability assessed using the ODI. It consists of 10 
items on the pain and the daily function. The score of 

Table 1. Demographic and clinical characteristics in study patients at baseline. 

Baseline 
Characteristics

Total
(n = 62)

Group A 
(n = 16)

Group B
(n = 15)

Group C
(n = 15)

Group D 
(n = 16)

P value

Age, mean (SD) years 51.40 (12.71) 53.69 (10.09) 52.8 (11.56) 50.6 (13.65) 48.56 (15.49) 0.704

Gender: 

Women, n (%) 24 (38.7) 9 (56.3) 5 (33.3) 7 (46.7) 3 (18.7) 0.148

Men, n (%) 38 (61.3) 7 (43.7) 10 (66.7) 8 (53.3) 13 (81.3)

Weight, mean (SD) kg 73.60 (13.37) 73.44 (17.32) 74.13 (11.87) 72.4 (12.66) 74.38 (11.97) 0.898

Height, mean (SD) cm 173.21 (9.74) 171.2 (8.69) 173.0 (10.8) 172.07 (7.9) 176.5 (11.18) 0.383

BMI (kg/cm2), mean (SD) 24.44 (3.49) 24.96 (5.32) 24.65 (1.99) 24.42 (3.66) 23.74 (2.06) 0.664

Disc Herniation: 0.397

L1-L2, n (%) 2 (3.2) 0 (0.0) 2 (13.3) 0 (0.0) 0 (0.0)

L2-L3, n (%) 1 (1.6) 1 (6.3) 0 (0.0) 0 (0.0) 0 (0.0)

L3-L4, n (%) 4 (6.5) 0 (0.0) 1 (6.7) 2 (13.3) 1 (6.3)

L4-L5, n (%) 21 (33.9) 5 (31.3) 6 (40.0) 4 (26.7) 6 (37.5)

L5-S1, n (%) 34 (54.8) 10 (62.5) 6 (40.0) 9 (60%) 9 (56.3)

Outcome Measures

NRS-11, mean (SD) 8.40 (1.25) 8.44 (0.96) 8.53 (1.46) 8.33 (1.29) 8.31 (1.35) 0.954

ODI, mean (SD) 55.78 (14.40) 53.54 (13.06) 55.62 (16.73) 56.35 (11.97) 57.62 (16.38) 0.910

PCS-12, mean (SD) 27.96 (4.99) 28.15 (5.27) 27.25 (6.02) 27.63 (4.85) 28.75 (4.02) 0.838

MCS-12, mean (SD) 41.58 (9.96) 45.29 (11.47) 42.5 (9.05) 43.5 (10.21) 35.22 (5.99) 0.013*

Abbreviations: BMI, body mass index; NRS-11, Numeric Rating Scale; ODI, Oswestry Disability Index; PCS-12, 12-item Physical Component 
Summary Score; MCS-12, 12-item Mental Component Summary Score; n, number; SD, standard deviation. 
*Statistical significance, P < 0.05. 
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each item is rated on a 6-point scale (0-5). The sum of 
the scores is expressed as a percentage of the maximum 
score, between 0 (none disability) and 100 (maximum 
disability) (26). 

The secondary outcomes were reduction of pain, 
improvement of the quality of life, and number of 
days of receiving adjuvant opioid analgesic therapy. 
Reduction of pain was assessed using the NRS-11, a 
measurement scale in which the person indicates the 
intensity of your pain in an interval between 0 and 10, 
corresponding respectively to “no pain” and “worst 
pain imaginable” (27). 

Improvement of the quality of life was assessed 
using the 12-item Short-Form Health Survey (SF-12), an 
abbreviated version of the 36-item Short-Form Survey, 
one of the most widely used patient-reported health 
outcome rating scales. The SF-12 has demonstrated 
construct validity, good internal consistency reliability, 
and responsiveness in patients with back pain. Two sub-
scales are derived from the SF-12: the 12-item Physical 
Component Summary (PCS-12) score and the 12-item 
Mental Component Summary (MCS-12) score (28). 

Opioid analgesic intake was noted from baseline 
to end of treatment (T2) using a patient self-completed 
daily diary.

Statistical Analysis
The descriptive statistics included mean and stan-

dard deviation for continuous variables and percent-
age and tables of frequencies for qualitative variables. 
A nonparametric approach was considered, based on 
the low number of patients. The Kruskall-Wallis and 
the Mann-Whitney U test was performed to compare 
the 4 treatment groups at the 3 times (i.e., T0, T1, 
T2). The significance of the change in each group at 
all follow-up times was determined by nonparametric 
Friedman and Wilcoxon signed-rank tests. The analysis 
was planned according to the intention-to-treat prin-
ciple. All tests were 2-tailed with a level of significance 
of P < 0.05. IBM SPSS Statistics, Version 28.0.1.1 (IBM 
Corporation, Armonk, NY) was used for the statistical 
analyses.

Results

Between April 2021 and March 2022, 78 patients 
with acute lumbosacral radiculopathy were evaluated 
at the Physical Medicine and Rehabilitation Unit of 
Sant’Andrea Hospital, Rome, Italy. Of the 64 eligible 
patients, 62 agreed to participate, while 2 refused be-
cause they did not want to take part in the research. 

The reasons for a patient’s ineligibility were as follows: 
pain lasting > 3 months (5 patients), NRS-11 intensity 
pain < 6 (4 patients), patients > 75 years of age (2 pa-
tients), lumbar spinal stenosis (2 patients), and severe 
motor neurological deficit (1 patient). 

Of the 62 who wanted to participate, 16 patients 
were enrolled in group A, 15 patients in group B, 15 pa-
tients in group C, and 16 patients in group D. In group 
A, 15 were evaluated at T1 and T2, because 1 patient 
dropped out between T0 and T1. In groups B and C, 15 
patients were evaluated at T1 and T2. In group D, 16 
patients were evaluated at T1 and T2. The Consort Flow 
Diagram is shown in Fig. 1. 

Patients’ demographic, clinicopathologic char-
acteristics, and primary and secondary outcomes at 
baseline are summarized in Table 1. In each group, disc 
herniation occurred more frequently at the L5-S1 level, 
followed by L4-L5. The percentages found are in accor-
dance with the literature, in which approximately 95% 
of disc herniations in the lumbar area occur at L4-L5 or 
L5-S1. No significant intergroup differences (P > 0.05) 
were found at baseline assessment, except for MCS-12 
in which a significant difference was found between 
groups (P = 0.013), as shown in Table 1. Specifically, a 
significant difference was found in the MCS-12 score 
between groups A and D (P = 0.004), groups B and D 
(P = 0.023), and groups C and D (P = 0.01), as shown in 
Table 2. 

At the T2 evaluation time between groups for the 

Table 2. Mean difference between groups at 2 weeks after 
treatment begins (T1) and at the end of  treatment (T2).

NRS-11, mean (SD) T0 T1 T2 

Group A 8.44 (0.96) 5.47 (1.77) 4.73 (2.05)

Group B 8.53 (1.46) 4.07 (2.37) 2.73 (2.22)

Group C 8.33 (1.29) 4.67 (0.9) 2.27 (1.48)

Group D 8.31 (1.35) 3.81 (1.51) 2.13 (1.59)

P value

A vs B 0.806 0.147 0.017*

A vs C 0.697 0.177 0.002*

A vs D 0.984 0.011* < 0.001*

B vs C 0.650 0.687 0.597

B vs D 0.569 0.575 0.420

C vs D 0.967 0.055 0.726

ODI. mean (SD) T0 T1 T2 

Group A 53.54 (13.06) 31.92 (8.71) 26.53 (14.94)

Group B 55.62 (16.73) 19.46 (11.65) 10.95 (8.91)

Group C 56.35 (11.97) 22.23 (11.97) 8.46 (7.49)

Group D 57.62 (16.38) 14.89 (11.18) 6.76 (8.93)
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Mann-Whitney U test, a statistically significant differ-
ence was found: in the ODI between groups B and A (P 
= 0.004), groups C and A (P < 0.001), and groups D and 
A (P < 0.001); in the NRS-11 between groups B and A (P 
= 0.017), groups C and A (P = 0.002), and groups D and 
A (P < 0.001); in the PCS-12 score between group B and 
A (P = 0.003), groups C and A (P = 0.002), and groups D 
and A (P < 0.001); while no significant differences be-
tween groups were observed in MCS-12 score (Table 2). 

At the T1 evaluation time between groups for the 
Mann-Whitney U test, a statistically significant differ-

ence was found: in the NRS-11 between groups D and 
A (P = 0.011); in the ODI between groups B and A (P = 
0.005), groups C and A (P = 0.024), and groups D and 
A (P < 0.001); in the PCS-12 between groups B and A (P 
= 0.049), groups D and A (P = 0.003), and groups B and 
D (P = 0.033), and groups C and D (P = 0.013); in the 
MCS-12 between groups C and A (P = 0.036), groups C 
and D (P = 0.048) (Table 2). 

At the Wilcoxon signed-rank test, in each group 
was observed a statistically significant difference for 
all measures at T0 vs T2. In group A was observed a 
significant difference in the NRS-11 (P < 0.001), in ODI 
(P = 0.001), among the PCS-12 (P < 0.001) and the MCS-
12 (P = 0.020); in group B, in the NRS-11 (P < 0.001), in 
the ODI (P < 0.001), among the PCS-12 (P < 0.001) and 
the MCS-12 (P = 0.001); in group C, in the NRS-11 (P < 
0.001), in the ODI (P < 0.001), among the PCS-12 (P < 
0.001) and the MCS-12 (P = 0.002); in group D in the 
NRS-11 (P < 0.001), in the ODI (P < 0.001), among the 
PCS-12 (P < 0.001) and the MCS-12 (P = 0.004) (Table 3).

The average days of opioid usage were similar in 
the 4 treatment groups (8.33 in group A, 8.33 in group 
B, 8.33 in group C, and 8.75 in group D). However, 
the percentage of patients requiring adjuvant opioid 
therapy differed remarkably between groups: 60% in 
group A, 40% in group B, 20% in group C, and 25% in 
group D (Table 4). 

discussion

Acute lumbosacral radiculopathy is a debilitating 
condition causing LBP radiating in a dermatomal pat-
tern, and sensory and motor loss depending on the 
severity of nerve compression. It involves an increased 
risk of pain-related disability, functional limitations, 
and negative effects on physical as well as mental 
health, thus leading to high costs for the health care 
system and society (1). In the management of lumbar-
radiating pain, drugs commonly prescribed include 
NSAIDs, skeletal muscle relaxants, systemic corticoste-
roids, antidepressants, and anticonvulsants. However, 
the efficacy and tolerability of commonly prescribed 
analgesic and adjuvant drugs has not been well es-
tablished and there are no general recommendations 
and clear guidelines (4,6). Despite the lack of clinical 
evidence, the use of systemic corticosteroids for acute 
lumbosacral radiculopathy remains relatively common, 
helping to reduce swelling and related compression on 
the affected nerve, and relieving radicular pain symp-
toms (6). 

The main objective of this prospective study was 

Abbreviations: NRS-11, Numeric Rating Scale; ODI, Oswestry Dis-
ability Index; PCS-12, 12-item Physical Component Summary Score; 
MCS-12, 12-item Mental Component Summary Score; SD, standard 
deviation; T0, baseline; T1, 2 weeks after treatment begins; T2, end of 
treatment.
 *Statistical significance, P < 0.05.

P value

A vs B 0.621 0.005* 0.004*

A vs C 0.736 0.024* < 0.001*

A vs D 0.450 < 0.001* < 0.001*

B vs C 0.709 0.708 0.370

B vs D 0.859 0.373 0.074

C vs D 0.766 0.078 0.369

PCS-12, mean (SD) T0 T1 T2

Group A 28.15 (5.27) 35.71 (6.19) 38.08 (8.25)

Group B 27.25 (6.02) 40.95 (8.07) 47.38 (6.62)

Group C 27.63 (4.85) 38.72 (7.51) 49.57 (6.96)

Group D 28.75 (4.02) 46.64 (8.05) 49.74 (6.37)

P value

A vs B 0.752 0.049* 0.003*

A vs C 0.828 0.290 0.002*

A vs D 0.651 0.003* < 0.001*

B vs C 0.852 0.372 0.184

B vs D 0.277 0.033* 0.268

C vs D 0.663 0.013* 1.000

MCS-12, mean (SD) T0 T1 T2 

Group A 45.29 (11.47) 48.29 (10.61) 51.75 (9.85)

Group B 42.5 (9.05) 50.05 (7.95) 52.42 (6.88)

Group C 43.5 (10.21) 53.35 (9.43) 54.76 (9.05)

Group D 35.22 (5.99) 50.91 (5.45) 53.22 (11.46)

P value

A vs B 0.406 0.493 0.787

A vs C 0.859 0.036* 0.158

A vs D 0.004* 0.304 0.333

B vs C 0.575 0.085 0.106

B vs D 0.023* 1.000 0.286

C vs D 0.01* 0.048* 0.984

Table 2 con’t. Mean difference between groups at 2 weeks after 
treatment begins (T1) and at the end of  treatment (T2).
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to examine the difference between pharmacological 
therapy alone (group A) and a multimodal treatment 
(groups B, C, D) in patients affected by acute lumbo-
sacral radiculopathy. Although statistically significant 
improvements were found at the end of treatment (T2) 
for all measures in each group, the multiple treatment 
groups improved significantly more. Our results show a 
statistically significant difference in functional disabil-
ity between the group that received pharmacological 
therapy alone and other study groups, confirming the 
hypothesis that the multimodal approach, combin-
ing the neurotrophic/antinociceptive nutraceutical 
composed and/or O2-O3 therapy with pharmacological 
therapy, would lead to greater improvement in func-
tional disabilities. Among the secondary outcome mea-
sures, we observed an improvement in perceived pain 
and in the physical component of the quality of life in 
patients treated with multimodal therapy compared to 
the pharmacological therapy group, while no signifi-
cant differences between groups were observed in the 
mental health area of quality of life. In group D, by 
combining all treatment, significant differences were 
already observed at the T1 evaluation time compared 
to group A. 

A further objective of the study was to describe 
the opioid analgesics consumption trends in the 4 
treatment groups. In group A, study results show a 
much higher proportion of patients requiring adjuvant 
opioid therapy to optimize pain control compared to 
other study groups. While the groups that received O2-
O3 therapy (groups C and D), show a lower percentage. 

In this prospective study, a nutraceutical supple-
ment of 800 mg/daily of ALA + 600 mg/daily of PEA 
+ 200 mg/daily myrrh was orally administered. ALA 
is a compound commonly located in the mitochon-
dria, where it acts as a cofactor for some enzymatic 
complexes involved in cellular energy metabolism, 
such as pyruvate dehydrogenase and α-ketoglutarate 
dehydrogenase (29). ALA is also widely known for 
its antioxidant properties; it not only improves but 
also restores the intrinsic antioxidant systems (30). 
It inactivates free radicals, and the reduced form can 
reduce the oxidized forms of other antioxidant agents, 
including glutathione, and vitamins C and E, having a 
determinant role in oxidative metabolism (30). More-
over, ALA has many biochemical anti-inflammatory 
properties involved in modulation of signal transduc-
tion pathways, like insulin, nuclear factor kappa B, 
and adenosine monophosphate protein kinase path-
ways (29). Its antioxidant and free radical scavenging 

properties, and its anti-inflammatory properties have 
been recognized as part of the mechanism underlying 
the clinical benefits observed in treatment of some 
neuropathic pain and peripheral nerve injuries (12-16). 
Preclinical studies (31-33) demonstrate protective ef-
fects of ALA on experimental sciatic nerve crush injury 
models, promoting peripheral nerve regeneration via 
its anti-inflammatory and antiapoptotic effects; while 
clinical evidence (34-35) suggests positive properties of 
thioctic acid in patients with compressive radiculopathy 

T0-T1 T1-T2 T0-T2

NRS-11

Group A < 0.001* 0.042* < 0.001*

Group B < 0.001* 0.020* < 0.001*

Group C < 0.001* < 0.001* < 0.001*

Group D < 0.001* 0.002* < 0.001*

ODI

Group A < 0.001* 0.026* 0.001*

Group B < 0.001* 0.011* < 0.001*

Group C < 0.001* 0.002* < 0.001*

Group D < 0.001* 0.001* < 0.001*

PCS-12

Group A < 0.001* 0.031* < 0.001*

Group B < 0.001* 0.008* < 0.001*

Group C < 0.001* 0.002* < 0.001*

Group D < 0.001* 0.075 < 0.001*

MCS-12

Group A 0.221 0.071 0.020*

Group B 0.002* 0.099 0.001*

Group C 0.009* 0.279 0.002*

Group D < 0.001* 0.158 0.004*

Table 3. Mean difference within groups at 2 weeks after 
treatment begins (T1) and at the end of  treatment (T2).

Abbreviations: NRS-11, Numeric Rating Scale; ODI, Oswestry Dis-
ability Index; PCS-12, 12-item Physical Component Summary Score; 
MCS-12, 12-item Mental Component Summary Score; T0, baseline; 
T1, 2 weeks after treatment begins; T2, end of treatment. 
*Statistical significance, P < 0.05.

Table 4. Opioid analgesics consumption.

Opioid Drug n (%)
Days 

(mean, SE)

Group A (n = 15) 9 (60%) 8.33 (1.155)

Group B (n = 15) 6 (40%) 8.33 (1.308)

Group C (n = 15) 3 (20%) 8.33 (1.667)

Group D (n = 16) 4 (25%) 875 (2.394)

Abbreviations: n, number; SE, standard error.
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syndrome from disc-nerve root conflict, improving 
nerve conduction and reducing pain, numbness, and 
paresthesia. In a recent multicentric observational 
prospective study (36), a subgroup of 312 patients with 
chronic LBP and sciatica was treated with a combina-
tion of neurotrophic agents containing ALA and after 
a 2-month follow-up was observed an improvement in 
both perceived pain and functional disabilities. In our 
study, the nutraceutical supplementation acts in pa-
tients suffering from acute lumbosacral radiculopathy 
as short-term adjuvant therapy of the pharmacological 
therapy, showing an improvement of clinical outcome 
measures as early as 4 weeks from the baseline. Beyond 
as well as the known neurotrophic and antinociceptive 
potentialities of ALA, myrrh and PEA act as biological 
modulators, favoring the physiological tissue response. 
PEA is an endocannabinoid-like bioactive lipid me-
diator, belonging to the N-acyl-ethanolamine fatty 
acid amide family (37). It is widely recognized to pro-
mote the resolution of neuroinflammation and exert 
neuroprotection (17-20). In a recent post hoc analysis 
(38) of a controlled study in patients with LBP-sciatica, 
the PEA was extremely effective on pain and function, 
exerting a predominant action on the neuropathic pain 
component. PEA is currently available in different for-
mulations and a debate is open on the micronization 
of PEA, in particular, the advantages (or lack thereof) 
of micronized PEA over unmicronized PEA. The pro-
cess of micronization may lead to a better adsorption 
of the drug molecules; however, in literature there is 
only a report (39) in which micronized/ultramicronized 
PEA are more efficacious than unmicronized PEA in an 
experimental rat model of inflammatory pain. Direct 
comparisons of the different formulations of PEA in 
humans are lacking, and thus there is no clinical data 
yet to support the use of one formulation over another. 

Lastly, the analgesic properties of myrrh (an ex-
tract of Commiphora myrrha) have been known since 
ancient times and depend on the high content of 
bioactive furanodienes (40). A direct comparison with 
some of the most frequently used drugs (e.g., diclof-
enac, ketoprofen, ibuprofen, paracetamol, tramadol, 
and ketorolac) revealed that myrrh has similar effects, 
although it required a longer course of treatment (i.e., 
20 days) (40). 

In this study, O2-O3 therapy was used for its analge-
sic, antioxidant, anti-inflammatory, and immunomodu-
lating properties in conjunction with pharmacological 
therapy or with pharmacological therapy and nutra-
ceutical supplements. Over the years, several stud-

ies evaluated by Magalhaes et al (22) in a systematic 
review have demonstrated the utility of intramuscular 
paravertebral O2-O3 therapy, showing a level of evi-
dence of II-1 in the treatment of back pain secondary 
to herniated disc with a grade of recommendation 1B. 
O2-O3 therapeutic effects are obtained by amelioration 
of tissue oxygenation in the proximity of the nerve 
root, inhibiting inflammatory mediators, reducing the 
synthesis of prostaglandins, and decreasing oxidative 
stress through an increase of endogenous antioxidant 
pathways (22,41,42). 

Among neuropathic mechanisms of lumbosacral 
radiculopathy, the reactive oxygen species-triggered 
inflammatory process, which develop after the periph-
eral neuropathic lesion is acknowledged as a relevant 
factor responsible for neuropathic pain, leading to 
pain and loss of nerve conduction functionality. In such 
a way, the ozone could represent a suitable strategy, 
promoting the antioxidant-prooxidant balance and the 
concomitant preservation of the cell redox state.

Beyond the neuropathic mechanisms, understand-
ing and identifying sources of potential nociceptive 
sensitization (both peripheral and central) that con-
tribute to acute painful lumbosacral radiculopathy may 
help guide a rational approach to analgesia. Several 
subsets or combinations of tissue changes may be in-
volved, including acute herniated disc, acute annular 
tear, and herniated disc fragments, triggering the de-
velopment of edema, and local cellular abnormalities. 
An increased synthesis of pro-inflammatory cytokines 
in the spinal cord leads to the expression of multiple 
algesic mediators and heightened nociceptive activity, 
while macrophages and peripheral T cells cross the 
blood-brain barrier into the parenchyma of the spinal 
cord, causing further increased neuroimmune activa-
tion and peripheral sensitization (43-45). Even the 
nerve root injury or compression is associated with 
release of inflammatory mediators that sensitize pe-
ripheral nociceptors. The peripheral sensitization mani-
fests as primary allodynia (i.e., sensation arising from 
an innocuous stimulus) and primary hyperalgesia (i.e., 
sensation arising from a noxious stimulus) (46). These 
peripheral sensitization processes also contribute to the 
development of central sensitization and maintenance 
of pain in the days to weeks after an acute lumbosacral 
pain episode, by an amplification of synaptic strength 
in nociceptive circuits (47). Alterations in pain process-
ing, both peripherally and centrally, affect the ultimate 
perception of pain. Together with the complexity of 
the nervous system and pain modulation mechanisms, 
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psychological aspects (e.g., depression, anxiety, pain 
catastrophizing) likely interact with functional connec-
tivity in pain-relevant higher brain centers that could 
magnify incoming nociceptive signals (48). The pres-
ence of these negative constructs and affective states 
can be a consequence of the acute painful experience 
and may influence recovery and disease prognosis, 
playing a critical role in the evolution from acute to 
chronic pain (49-51). 

The early approach proposed in our study with 
a combination of agents targeting nociceptive and 
neuropathic pain mechanisms (e.g., multimodal anal-
gesia), dampening, or reducing these areas of sensiti-
zation, could positively impact the pain trajectory and 
recovery in patients with acute painful lumbosacral 
radiculopathy, and potentially prevent the develop-
ment of chronic pain. Pharmacological therapy forms 
the mainstay of our treatment. Corticosteroids target 
nociceptive pain, as inflammation is a prominent cause 
of nociception. The effects of corticosteroids in acute 
lumbosacral radiculopathy are related to their anti-in-
flammatory effects, which may help reduce the local re-
lease of inflammatory cytokines, swelling, and related 
compression on the affected nerve (52). Opioids, used 
as adjuvant analgesics, target both nociceptive and to 
a lesser extent neuropathic pain, and their analgesic 
efficacy in the short-term management of acute pain 
states is well established. O2-O3 therapy and nutraceu-
tical supplements have been used as complementary 
therapies for pain management.

On the base of these considerations and consider-
ing the good tolerability of the treatments, our study 
supports a multimodal approach, including pharmaco-
logical, neurotrophic, and O2-O3 treatments, with con-
siderable attention for ALA, that has the higher degree 
of evidence among neurotrophic agents in neuropathic 
pain.

Nutraceutical supplements of ALA, PEA, myrrh, and 

O2-O3 therapy may be a useful choice in the multithera-
peutic strategy for acute lumbosacral radiculopathy, 
since they can contribute to pain control due to their 
prevalently anti-inflammatory, antioxidant, and neuro-
protection action. 

The comparison of several different approaches vs 
pharmacological therapy alone can be considered one 
of the strengths of this study. To the best of our knowl-
edge, at the time of this research, no study has com-
pared simultaneously these multimodal treatments in 
pain management of acute lumbosacral radiculopathy.

Limitation
Limitations of our study may be represented by 

the small sample size, which reduced the possibility 
of extrapolating the results to other patient popula-
tions, the long-term outcomes were not assessed, and 
the lack of a control group that included conservative 
management, such as physical therapy, NSAIDs, or 
acetaminophen. Therefore, the authors recommend 
performing high-quality clinical trials with a larger 
sample size. Also, comparing the efficacy of our pro-
posed treatments with first-line treatments could be a 
matter of future research. Lastly, successfully treated 
patients should be followed-up to determine whether 
the outcome was sustained. 

conclusions

Treatment of acute LBP with or without lower ex-
tremity pain is a major concern. The current study sup-
ports a multimodal approach combining nutraceutical 
supplements and O2-O3 therapy with pharmacological 
therapy in the treatment of acute painful lumbosacral 
radiculopathy secondary to disc herniation. The com-
bination of neurotrophic and antioxidant therapies 
represents an etiopathogenetic approach, not purely 
symptomatic, that reduces symptomatology and avoids 
progression of the nerve damage.
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