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Abstract
Background: We aimed to investigate the effect of transforaminal injection of Magnesium sulphate versus Ozone on
pain intensity, functional disability and the oxidative stress biomarkers; superoxide dismutase (SOD) and Glutathione
(GSH) in patients with lumbar disc prolapse.
Methods: This randomized controlled trial was conducted on 135 patients having symptomatic lumbar disc pro‑
lapse, received either transforaminal injection of Magnesium sulphate with steroids, Ozone with steroids, or steroids
alone. Assessment of pain severity and functional disability were done before intervention, 2 weeks, 1, 3, and 6
months after intervention. Serum SOD and GSH were measured for all included patients before and 2 weeks after
intervention.
Results: There was a statistically significant improvement in pain intensity and functional disability 2 weeks after
intervention in the three groups, but at 1-month and 3-months after intervention, the significant improvement was in
Mg sulphate and Ozone groups only. At 6-months follow up, Mg sulphate group only showed a significant improve‑
ment. There was a statistically significant increase in SOD and GSH serum levels, 2-weeks after intervention in both
Magnesium sulphate (P-value = 0.002, 0.005 respectively) and ozone groups (P-value < 0.001, < 0.001), but there was
no statistically significant change in SOD and GSH serum levels in control group.
Conclusion: Transforaminal injection of Mg sulphate in patients with lumbar disc prolapse causes significant longterm improvement (up to 6 months) in pain intensity and functional disability. The serum levels of SOD and GSH were
significantly increased at 2 weeks following both transforaminal injection of Mg sulphate and ozone.
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Introduction
Lumbar disc prolapse is one of the most common causes
of low back pain and/or radicular pain. The pathogenesis of lumbar disc related radicular pain is likely related
to mechanical and/or inflammatory factors. The natural
history of lumbar disc prolapse is mostly favorable, with
about 80–90% of patients showing improvement within
1- 3 months [1, 2]. Management is usually directed
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medically to analgesic, anti-inflammatory and neurotonic
drugs [3]. Other minimally invasive approaches were
evolved such as transforaminal injection of steroid, magnesium sulphate and ozone [4].
Magnesium sulfate has drawn much attention in the
field of pain management, resulting in numerous publications of review articles, clinical trials, and meta-analyses
[5]. Intravenous administration of magnesium sulphate
was reported to be effective in the management of neuropathic pain [6]. Much concern was directed towards
studying the therapeutic effectiveness of neuraxial
administration of magnesium sulphate. Intrathecallyadministered magnesium sulphate was found to be free
of neurotoxicity. The safety of epidurally-administered
magnesium sulphate was also reported [7, 8].
Ozone (O3) therapy has been emerged in the treatment
of neuropathic pain, inflammatory, degenerative and
herniated disc conditions [9]. It activates different antioxidant response elements including glutathione (GSH),
superoxide dismutase (SOD), and catalase (CAT). These
enzymes are considered free radical scavenger [10].
Ozone therapy produces its analgesic and anti-inflammatory effects through decreasing the stimulation of
sensory nerve endings by inflammatory mediators and
inhibition of peripheral sensitization. It also has an antiseptic and immunomodulatory function [11].
Strong evidence suggested an essential role for oxidative stress in the pathophysiology of disc degeneration
and herniation. In the disc tissues, oxidative stress can
initiate matrix destruction and cell apoptosis, leading to a
disc degeneration [12]. So, using antioxidants in patients
with lumbar disc prolapse may be a promising therapeutic approach that may prevent or retard the progression
of disc degeneration [13]. To our knowledge, the beneficial effect of transforaminal injection of antioxidants in
patients with lumbar disc prolapse, was not previously
investigated.
The aim of this work was to investigate the therapeutic
effect of transforaminal injection of Magnesium sulphate
versus Ozone on pain intensity, functional disability,
and the oxidative stress biomarkers; SOD and GSH in
patients with symptomatic lumbar disc prolapse.

Methods
Study design and participants

This prospective randomized controlled trial was carried out on 135 patients diagnosed as having symptomatic lumbar disc prolapse. Patients were randomly
assigned into one of three groups; the first group
received transforaminal injection of Magnesium sulphate with steroids (45 participants) (Magnesium
sulphate group), the second group received transforaminal injection of Ozone with steroids (45 participants)
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(Ozone group), and the third group received transforaminal injection of steroids alone (45 participants)
(Control group). Randomization was performed using
the opaque closed envelope technique where the clinician picked up a sealed envelope containing a sheet of
paper with the name of the group to which the patient
was randomly selected. Whichever group was written on the sheet, the patient was scheduled to it. The
patients were recruited from the neurology and pain
clinics of Beni-Suef University Hospital, in the period
from November 2020 to November 2021. The study was
registered in ClinicalTrials.gov on 24/9/2020 and this is
the identification number NCT04562493.
Eligibility criteria

The study included patients with clinical evidence of disc
bulge in the form of lumbar disc related radicular pain
(radiating pain in the lower limb that follows a dermatomal pattern) of >3 months duration, not responding to
conservative treatment (medical treatment and physiotherapy) and interfering with daily activities. The selected
patients must have radiological evidence of posterolateral
lumbar disc bulge by MRI lumbosacral.
The following patients were excluded from our study:
patients with a history of spinal trauma, spinal surgery or
spinal deformities, patients with radiological evidence of
any inflammatory or neoplastic lesion affecting the vertebral column, spinal cord or the surrounding soft tissue, patients with clinical or radiological evidence of hip
osteoarthritis, lumbar zygophysial joint arthritis [localized pain over the lumbar vertebrae that worsens with
standing or bending backward and is typically relieved
by bending forward], or sacroiliitis [low back or buttock
pain with typical increase in severity at night and associated stiffness upon awakening, with some amelioration
after exercise, and one of the following provocative tests
should be positive: pelvis rock test, FABERE (Flexion,
ABduction, External Rotation, Extension), and Gaenslen
maneuvers]. We also excluded patients with severe lumbar disc prolapse causing lower limb weakness or sphincteric troubles, and patients with contraindications to
interventions (sepsis, coagulopathy, or allergy from the
used drugs). Pregnant patients were also excluded from
our study. We demonstrated in a flow diagram for the
recruited patients that 195 patients were assessed for eligibility. Sixty patients were excluded (28 patients didn’t
meet inclusion criteria, 12 patients declined to participate, and 20 patients were excluded due to other reasons). Forty-five patients in each group received allocated
intervention. Nine patients in Mg sulphate group, seven
patients in Ozone group, and 10 patients in control group
lost to follow-up (Fig. 1).

Fathy et al. BMC Anesthesiology

(2022) 22:254

Page 3 of 10

Fig. 1 CONSORT flow diagram

Data collection

History was taken from the selected patients regarding
the demographics and the duration of lumbar disc related
radicular pain. The imaging findings regarding the number of prolapsed discs and the degree of the most prolapsed disc were also obtained.
Assessment of pain intensity and functional disability

Assessment of the pain intensity and functional disability was done before and 2 week, 1, 3, and 6 months after
the interventional procedure by a neurologist who was
blinded to the type of intervention. Assessment was done

using Numeric Rating Scale (NRS), Oswestry Disability
Index (ODI), and Functional rating index (FRI).
NRS is a single 11-point numeric scale for assessment
of intensity of pain. It ranged from 0 to 10, where 0 indicates no pain and 10 indicates the worst pain [14].
ODI is a questionnaire used to quantify the disability
from low back pain. It includes the following items: pain
intensity, the level of disability of personal care, lifting,
walking, sitting, standing, sleeping, traveling, sexual and
social life. Each question is scored on a scale of 0–5 with
0 representing no limitation, and 5 representing maximal limitation. The scores for all questions answered
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are summed, then multiplied by two to obtain the index
(range 0 to 100) [15].
FRI is a self-reported scale containing 10 items. Eight
items focus on daily activities affected by back pain and 2
items focus on frequency and intensity of pain. Each item
has a 5-point scale (0 = no pain, and 4 = worst possible
pain). The FRI scores ranged between 0% (no disability)
and 100% (severe disability) [16].
Assessment of patients’ satisfaction

Assessment of patient’s satisfaction about the intervention was done 6 months after the interventional procedure by a psychiatrist who was blinded to the patient’s
condition and the type of intervention. It was done
by using the Short Assessment of Patient Satisfaction
(SAPS) scale. SAPS consists of the following seven items:
satisfaction with treatment, explanation of the treatment outcome, medical care, respect by the physician,
participation in medical decision making, time with the
physician, and satisfaction with clinic/ hospital care.
Responses scales are 5-point scales. SAPS scores were
interpreted as follows: 0 -10 = very dissatisfied, 11 - 18 =
dissatisfied, 19 - 26 = satisfied, and 27 - 28 = very satisfied [17].
Interventional pain procedure

We asked the patients to stop any medical treatment for
the lumbar disc related radicular pain one week before
the intervention. The selected patients were brought
to the preparation room where reassurance was done.
Intravenous midazolam 0.2 mg/kg was given to them,
then they were placed in the prone position on fluoroscopy table and draped in a sterile manner. They were
connected to a monitor (SPO2, NIBLP, and ECG) and
given supplemental oxygen through a nasal cannula (3 L/
min) to maintain an oxygen saturation. A 22-gauge, 3.5inch spinal needle was used in the injection procedure.
With each insertion of the spinal needle, 1 ml with 20 mg
of local anesthetic lidocaine 2% was injected intradermally. Upon final needle-tip position, antero-posterior
(AP) and lateral views of the fluoroscopic imaging were
obtained to confirm needle positioning then the contrast
was injected. AP and lateral views of the contrast spread
were taken during the procedure to confirm appropriate
spread into posterior epidural space.
The patients were randomly assigned into one of three
groups:
1. Transforaminal injection of Mg sulphate:
In this group, the patients received transforaminal
epidural injection of steroids and Mg sulphate with
local anesthetic (7 mg Betamethasone, and 100 mg of
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magnesium sulphate diluted to 2 milliliters total volume
with preservative-free normal saline, preceded by a test
dose of 1 milliliter 2% lidocaine).
2. Transforaminal injection of Ozone:
In this group, the patients received transforaminal epidural injection of steroids (7 mg Betamethasone, preceded by a test dose of 1 milliliter 2% lidocaine) with the
addition of an O2-O3 mixture, with an ozone concentration of 25 microgram /mL. We injected 3 mL of O2-O3 at
transforaminal level.
3. Transforaminal injection of steroids alone:
In this group, the patients received transforaminal epidural injection of steroids with local anesthetic (7 mg
Betamethasone preceded by a test dose of 1 milliliter 2%
lidocaine).
After the intervention, the patients were not prescribed
any medications (apart from NSAIDs for the first 3
days after injection) or specific physiotherapy regimens
because they were already not responsive to them before
the intervention.
Laboratory assessment

Oxidative stress biomarkers (superoxide dismutase
(SOD) and Glutathione (GSH)) were measured for all
included patients in the three groups before and 2 weeks
after the interventional procedure. For this purpose, the
two-site sandwich ELISA method were employed. GSH
and SOD levels were determined by reading the color
changes compared to the standard curve in photometry.
Samples were withdrawn from patients and the collected
whole blood was refrigerated at 4 c for the night, then
centrifuged it for 10 min at 1000-3000 rpm. The supernatant was taken and frozen at -80 c (for 1-3 months ) for
storage.
Both markers SOD and GSH were measured by using
double sandwich ELISA technique. The pre coated antibodies were human SOD and GSH monoclonal antibodies and the detecting antibody was biotin labeled
polyclonal antibody. We added samples and biotin
labeled antibody in ELISA wells then washed with TBS
or PBS. We added Avidin peroxidase conjugate to the
wells. We used TMB substrate for coloring after reactant thoroughly washed out by PBS or TBS. In presence
of peroxidase activity TMB substrate changed into blue
color. Finally, we added stop solution which changed blue
color into yellow color. We measured the optical density
(OD) by using ELIZA reader. The depth of the color and
the testing factors in samples are positively correlated
with their concentration. The standard curve was used to
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detect the amount of the biomarkers by plotting the average O. D for each standard against the concentration and
drew a best fit curve using graph paper or statistical software analysis.
Statistical analysis

Because our study was the first study to compare the
therapeutic effect of transforaminal injection of Magnesium sulphate versus Ozone on the oxidative stress
biomarkers in patients with lumbar disc prolapse, we
calculated the sample size based on the results of a pilot
study we performed before starting our study. The sample
size calculation was done using G*Power version 3.1.9.7
Software. The probability of type I error (α) was 5%,
effect size = 0.529, df =88, critical t= 1.66, noncentrality parameter λ= 2.51, A total sample size of 45 patients
in each group was required to achieve a statistical power
(1–β) 80%.
IBM SPSS (Statistical Package of Social Science) Version 25 was used to analyze the data. Categorical variables such as sex and the degree of the most prolapsed
disc, were expressed as numbers and percentages. Quantitative variables such as age, duration of pain, the number of prolapsed discs, NRS, ODS, FRI, SAPS, SOD and
GSH were expressed as mean and standard deviation.
Chi-squared test was used for comparison between Mg
sulphate, Ozone, and control groups in categorical variables, whereas One-way ANOVA was used for comparison between Mg sulphate, Ozone, and control groups in
quantitative variables. Paired sample t- test was used for

comparison between quantitative variables before and
after the interventional pain procedure. Mixed ANOVA
test was used for comparing quantitative variables
before and after the interventional pain procedure in
Mg sulphate, Ozone, and control groups. P-value ≤0.05
was considered statistically significant. All tests were
two-tailed.

Results
This prospective randomized controlled trial was carried
out on 135 patients diagnosed as having symptomatic
lumbar disc prolapse. Forty-five patients received transforaminal injection of Magnesium sulphate with steroids,
45 patients received transforaminal injection of Ozone
with steroids, and 45 patients received transforaminal
injection of steroids alone. There were no statistically significant differences between the three groups in either
age or sex (P-value= 0.258, 0.392 respectively) (Table 1).
The clinical, imaging and laboratory characteristics
of the patients in the three groups were demonstrated
in Table 1. There was no statistically significant difference between the three groups in either the duration of
pain, the number of prolapsed discs, the degree of the
most prolapsed disc, NRS, ODI, FRI, SOD or GSH serum
level before intervention. Both Magnesium sulphate and
Ozone groups showed significantly higher SAPS scores in
comparison to control group (P-value >0.001) (Table 1).
There was a statistically significant improvement in the
scores of NRS, ODI and FRI, 2 weeks after intervention
in the three groups, but at 1-month and 3-months after

Table 1 Demographics, clinical, imaging and laboratory characteristics of the included patients and controls
Mg sulphate group
(n=45)
Age [Mean (SD)]
Sex

Males [n (%)]
Females [n (%)]

Ozone group
(n=45)

Control group
(n=45)

P-value

55.13 (13.22)

58.93 (13.28)

54.91 (12.37)

0.258

27 (60%)

28 (62.2%)

22 (48.9%)

0.392

18 (40%)

17 (37.8%)

23 (51.1%)

Duration of pain in months [Mean (SD)]

21.56 (14.96)

23.56 (15.56)

21.82 (14.39)

0.79

Number of prolapsed discs [Mean (SD)]

2.71 (0.99)

2.76 (0.98)

2.78 (0.95)

0.947
0.857

Degree of the most prolapsed disc

Bulge [n (%)]

21 (46.7%)

17 (37.8%)

16 (35.6%)

Protrusion [n (%)]

16 (35.6%)

18 (40.0%)

19 (42.2%)

8 (17.8%)

10 (22.2%)

10 (22.2%)

NRS before intervention [Mean (SD)]

Herniation [n (%)]

8.44 (1.24)

8.58 (1.29)

8.511 (1.12)

0.874

ODI before intervention [Mean (SD)]

62.13 (10.16)

59.96 (10.18)

62.84 (9.63)

0.363

FRI before intervention [Mean (SD)]

68.97 (17.2)

69.24 (18.02)

69.04 (16.98)

0.997

SAPS [Mean (SD)]

24.1556 (2.75)

23.33 (2.98)

21.67 (2.056)

>0.001*

SOD serum level before intervention [Mean (SD)]

12.4 (2.78)

12.12 (3.07)

12.75 (2.8)

0.593

GSH serum level before intervention [Mean (SD)]

24.46 (6.76)

25.42 (6.62)

24.61 (6.55)

0.763

FRI Functional rating index, GSH Glutathione, NRS Numeric rating scale, ODI Oswestry back disability, SAPS Short assessment of patient satisfaction, SOD Superoxide
dismutase
*P-value ≤ 0.05 is considered significant
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intervention, the significant improvement was in Mg sulphate and Ozone groups only. At 6-months follow up, Mg
sulphate group only showed a significant improvement in
the scores of NRS, ODI and FRI (Table 2).
The number of patients who had ≥ 30% improvement
of NRS and at least 15 points reduction in ODI score
was significantly higher in both Mg sulphate and Ozone
groups in comparison to the control group, at 2 weeks,
1- and 3-months following injection (P-value <0.001 in
all comparisons). Whereas, after 6 months, this number
was significantly higher in Mg sulphate group only in
comparison to both Ozone and control groups (P-value
<0.001) (Table 3).
There was a statistically significant increase in SOD
and GSH serum levels, 2-weeks after intervention in both
Magnesium sulphate (P-value = 0.002, 0.005 respectively) and ozone groups (P-value < 0.001, < 0.001), but
there was no statistically significant change in SOD and
GSH serum levels in control group (P-value = 0.059,
0.494 respectively) (Table 4).

Discussion
The current study aimed to investigate the therapeutic
effect of transforaminal injection of Mg sulphate versus
Ozone on pain intensity, functional disability, and the
oxidative stress biomarkers; SOD and GSH in patients
with symptomatic lumbar disc prolapse.
Our results revealed that transforaminal injection of
Mg sulphate caused a significant improvement in the
scores of NRS, ODI and FRI, at 2 weeks, 1-month, 3-, and
6-months follow-up.
In accordance with our findings, a long-term study of
magnesium supplementation for patients with chronic
refractory low back pain showed a significant reduction in pain intensity and improvement in lumbar spine
mobility at 6 months follow up [18].
Also, Demiroglu et al. found that using magnesium sulphate regionally at surgical postoperative laminectomy
can decrease postoperative lumbar pain even more than
systemically administered magnesium [19].
Magnesium has an indirect anti-nociceptive function as it blocks NMDA receptors that found centrally
and peripherally transferring pain signal, thus it prevents central sensitization and decrease pain threshold
caused by peripheral tissue injury [20]. Magnesium is
also known to antagonize the expression of some inflammatory mediators (serotonin, histamine, and some
cytokines) [21].
The significant long-term improvement (up to 6
months) in pain and functional disability in patients
who received Mg sulphate in our study can be attributed to the neuroprotective and anti-inflammatory
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effects of Mg sulphate. The neuro-protective effect of
magnesium sulfate has been one of the most challenging aspects of this drug. Magnesium was reported to
plays a fundamental role in neuroplasticity. It is directly
involved in the maintenance of neurological integrity
and neuroprotection through reduction in glutamate
release and inhibiting calcium entry into the cell via a
noncompetitive blockade of NMDA receptor [22–24].
It also prevents activation of catabolic enzymes (e.g.
phospholipases, proteases, and endonucleases), production of free radical and the secondary cascade of
neuronal injury that leads to apoptosis [25, 26]. Magnesium sulfate may confer neuroprotection through
downregulation of the inflammatory cascade. It reduces
the production of the pro-inflammatory cytokines;
interleukin-6 and tumor necrosis factor-α, substance P
in addition to suppressing the Nuclear Factor kB (NFkB) activation [27, 28].
In contrast to these findings, another study revealed
that infusion of Mg sulfate in patients undergoing laminectomy didn’t produce a clinically significant long-term
improvement in postoperative pain severity. It showed
only improvement for very short period (24 hours) [29].
Our results revealed that transforaminal injection of
ozone caused a significant improvement in the scores
of NRS, ODI and FRI, at 2 weeks, 1-, and 3-months
follow-up.
Ozone therapy has been used in multiple studies as
an additional treatment option in patients with lumbar
disc prolapse. The proximal injection of the O2-O3 gas
mixture to the root ganglion can normalize the levels
of prostaglandins and cytokines, decrease reactive oxidant species levels, increase SOD enzyme activity, and
improve the circulation around the root ganglion [30].
In a randomized trial carried by Niu et al.(2018), the
therapeutic effect of different concentrations of medical
ozone on pain severity and disc retraction was investigated in patients with trauma-induced lumbar disc herniation. There was a significant disc retraction and decrease
in inflammatory markers and pain severity at all groups
using different ozone concentrations [31].
Hosseini et al.(2019) performed oxygen-ozone chemonucleolysis on a large number of patients with lumbar
disc herniation and registered a high success rate at all
types of disc herniation and failed back surgery [32]. Also
several meta-analyses were published indicating the efficacy of intradiscal ozone injection in patients with disc
prolapse [33, 34].
Gallucci et al. (2007) mentioned in their study the
superiority of ozone injection over steroid injection
at 6-months follow-up [35]. In contrast to these findings, Ryska et al. didn’t reveal significant differences in
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Table 2 NRS, ODI, and FRI before and after Mg sulphate, Ozone and steroids injection

NRS

ODI

FRI

Mg sulphate group (n=45)
Mean (SD)

Ozone group (n=45)
Mean (SD)

Control group (n=45)
Mean (SD)

Before intervention

8.44 (1.24)

8.58 (1.29)

8.511 (1.12)

After 2 weeks

5 (2.25)

4.98 (2.47)

8.02 (1.25)

P- value

<0.001*

<0.001*

<0.001*

P- value between groups

<0.001*

Before intervention

8.44 (1.24)

8.58 (1.29)

8.511 (1.12)

After 1 months

4.29 (2.23)

4.13 (2.85)

8.38 (1.23)

P- value

<0.001*

<0.001*

0.135

P- value between groups

<0.001*

Before intervention

8.44 (1.24)

8.58 (1.29)

8.51 (1.12)

After 3 months

3.24 (2.71)

3.62 (3.24)

8.4 (1.18)

P- value

<0.001*

<0.001*

0.168

P- value between groups

<0.001*

Before intervention

8.44 (1.24)

8.58 (1.29)

8.511 (1.12)

After 6 months

4.09 (2.81)

8.4 (1.27)

8.49 (1.18)

P- value

<0.001*

0.088

0.66

P- value between groups

<0.001*

Before intervention

62.13 (10.16)

59.96 (10.18)

62.84 (9.63)

After 2 weeks

36.8 (10.94)

38.36 (17.16)

61.07 (10.4)

P- value

<0.001*

<0.001*

0.005*

P- value between groups

<0.001*

Before intervention

62.13 (10.16)

59.96 (10.18)

62.84 (9.63)

After 1 months

23.69 (8.25)

30.58 (15.51)

61.93 (10.23)

P- value

<0.001*

<0.001*

0.07

P- value between groups

<0.001*

Before intervention

62.13 (10.16)

59.96 (10.18)

62.84 (9.63)

After 3 months

23.6 (7.36)

23.73 (11.28)

61.69 (10.2)

P- value

<0.001*

<0.001*

0.089

P- value between groups

<0.001*

Before intervention

62.13 (10.16)

59.96 (10.18)

62.84 (9.63)

After 6 months

25.02 (10.07)

60.11 (10.39)

61.76 (9.86)

P- value

<0.001*

0.425

0.071

P- value between groups

<0.001*

Before intervention

68.97 (17.2)

69.24 (18.02)

69.04 (16.98)

After 2 weeks

49.64 (17.28)

46.78 (19.14)

66.62 (17.33)

P- value

<0.001*

<0.001*

0.001*

P- value between groups

0.01*

Before intervention

68.97 (17.2)

69.24 (18.02)

69.04 (16.98)

After 1 months

39.6 (15.46)

40.6 (18.19)

68.09 (17.19)

P- value

<0.001*

<0.001*

0.189

P- value between groups

<0.001*

Before intervention

68.97 (17.2)

69.24 (18.02)

69.04 (16.98)

After 3 months

32.42 (15.57)

33.73 (17.01)

68.73 (17.41)

P- value

<0.001*

<0.001*

0.654

P- value between groups

<0.001*

Before intervention

68.97 (17.2)

69.24 (18.02)

69.04 (16.98)

After 6 months

25.0889 (13.27)

68.87 (18.04)

68.98 (17.38)

P- value

<0.001*

0.102

0.926

P- value between groups

<0.001*

FRI Functional rating index, NRS Numeric rating scale, ODI Oswestry back disability
*P-value ≤ 0.05 is considered significant
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Table 3 Comparison between Mg sulphate, Ozone and control groups regarding the improvement in NRS and ODI after the
interventional pain procedure
Mg sulphate group
(n=45)

Ozone group
(n=45)

Control group
(n=45)

P-value

Improved ≥ 30% [n (%)]

29 (64.4%)

29 (64.4%)

0

<0.001*

Improved < 30% [n (%)]

16 (35.6%)

16 (35.6%)

45 (100%)

Improved ≥ 15 [n (%)]

35 (77.8%)

29 (64.4%)

0

Improved < 15 [n (%)]

10 (22.2%)

16 (35.6%)

45 (100%)

Improved ≥ 30% [n (%)]

35 (77.8%)

34 (75.6%)

0

Improved < 30% [n (%)]

10 (22.2%)

11 (24.4%)

45 (100%)

Improved ≥ 15 [n (%)]

41 (91.1%)

41 (91.1%)

0

Improved < 15 [n (%)]

4 (8.9%)

4 (8.9%)

45 (100%)

Improved ≥ 30% [n (%)]

36 (80%)

33 (73.3%)

0

Improved < 30% [n (%)]

9 (20%)

12 (26.7%)

45 (100%)

Improved ≥ 15 [n (%)]

45 (100%)

44 (97.8%)

1 (2.2%)

Improved < 15 [n (%)]

0

1 (2.2%)

44 (97.8%)

Improved ≥ 30% [n (%)]

31 (68.9%)

0

0

Improved < 30% [n (%)]

14 (31.1%)

45 (100%)

45 (100%)

Improved ≥ 15 [n (%)]

43 (95.6%)

0

0

2 (4.4%)

45 (100%)

45 (100%)

After 2 weeks
NRS
ODI

<0.001*

After 1 month
NRS
ODI

<0.001*
<0.001*

After 3 month
NRS
ODI

<0.001*
<0.001*

After 6 month
NRS
ODI

Improved < 15 [n (%)]

<0.001*
<0.001*

NRS Numeric rating scale, ODI Oswestry back disability
*P-value ≤ 0.05 is considered significant

Table 4 SOD and GSH serum level before and after Mg sulphate, Ozone and steroids injection

SOD serum level

GSH serum level

Mg sulphate group
(n=45)
Mean (SD)

Ozone group (n=45)
Mean (SD)

Control group (n=45)
Mean (SD)

Before intervention

12.4 (2.78)

12.12 (3.07)

12.75 (2.8)

After 2 weeks

13.04 (2.93)

15.16 (3.44)

12.32 (2.63)

P- value

0.005*

<0.001*

0.059

P- value between groups

0.153

Before intervention

24.46 (6.76)

25.42 (6.62)

24.61 (6.55)

After 2 weeks

26.1 (8.08)

30.99 (7.62)

24.42 (6.33)

P- value

0.002*

<0.001*

0.494

P- value between groups

0.031*

GSH: Glutathione, SOD Superoxide dismutase
*P-value ≤ 0.05 is considered significant

the therapeutic effectiveness between transforaminal
ozone and steroid injection at three- and six-months
follow-up [36].
Our study revealed a significant increase in SOD and
GSH serum levels, 2 weeks after intervention in both Mg
sulphate and Ozone groups, but there was no statistically
significant change in SOD and GSH serum levels in control group.

It is well known that the development and progression
of disc herniation and degeneration are closely associated
with oxidative stress and reactive oxygen species (ROS).
To prevent this damage, a lot of biological defense mechanisms occurs including increased antioxidant enzymes
like SOD, and GSH synthesis. It was found that the activity of SOD is decreased in advanced rat lumbar inter-vertebral disc degeneration [37–39].
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The beneficial effect of Mg sulphate on oxidative stress
has been proven by several studies [40, 41]. Mg reported
to be present in more than 300 enzymes. It is well known
to alter the neuronal sensitivity to an oxidative insult [42].
It has been demonstrated that treatment with MgSO4
attenuates oxidative damage and ROS generation [43].
Ozone therapy has been also identified as a promising
therapeutic intervention that have the ability to attenuate
oxidative damage. Ozone administration was reported to
stimulate the antioxidant system by upregulating some
antioxidant enzymes such as SOD, GSH-peroxidases,
transferases, and reductases [44].
Regarding patients’ satisfaction our results revealed a
significant superiority of both transforaminal injection
of Mg sulphate and Ozone over steroids at 6-months
follow-up.
The strength of our study is that it is the first study to
investigate the therapeutic effect of transforaminal injection of Magnesium sulphate versus Ozone on the clinical
outcome and the oxidative stress biomarkers; SOD and
GSH in patients with symptomatic lumbar disc prolapse
The main limitation of our study was that we didn’t
measure the serum level of SOD and GSH at 1-, 3- and
6-months follow-up. We also didn’t do electrophysiological assessment for the included patients before and after
injection. Another limitation was that we didn’t investigate the effect of transforaminal injection of either Mg
sulphate or Ozone on the markers of neurodegeneration
and neuroplasticity.

Conclusion
Each of transforaminal injection of Mg sulphate and
ozone results in a significant improvement in pain intensity and functional disability in patients with symptomatic lumbar disc prolapse at 2 weeks, 1-, and 3-months
follow-up. Transforaminal injection of Mg sulphate
causes significant long-term improvement (up to 6
months) in pain intensity and functional disability. The
serum levels of the anti-oxidants; SOD and GSH were
significantly increased at 2 weeks following both transforaminal injection of Mg sulphate and ozone.
Acknowledgements
Not applicable
Authors’ contributions
WF participated in study design, collection and interpretation of data and
helped to draft manuscript. MH participated in study design, analysis and
interpretation of data and helped to draft manuscript. RI participated in labo‑
ratory work up and helped to draft manuscript. MA participated in laboratory
work up and helped to draft manuscript. SA participated in interpretation of
data and helped to draft manuscript. SS participated in study design, interpre‑
tation of data and helped to draft manuscript. HE participated in collection
of data and helped to draft manuscript. MA participated in collection of
data and helped to draft manuscript. All authors read and approved the final
manuscript.

Page 9 of 10

Funding
Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB). Authors did not receive any funding for this work.
Availability of data and materials
Authors report that the datasets used and/or analyzed during the current
study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
Written informed written consent was signed from all participants. The study was
performed in agreement with the Declaration of Helsinki. Ethical approval for this
study was obtained from the Research ethical committee of Beni-Suef University.
The ethical committee approval number is FMBSUREC/01122019/HUSSEIN
Consent for publication
Not applicable
Competing interests
Authors have no competing interest.
Author details
1
Department of Anaesthesia, Surgical ICU and Pain Management, Beni-Suef
University, Beni‑Suef, Egypt. 2 Department of Neurology, Beni-Suef University,
Beni‑Suef, Egypt. 3 Department of Clinical and Chemical pathology, Beni-Suef
University, Beni‑Suef, Egypt. 4 Department of Psychiatry, Cairo University, Cairo,
Egypt. 5 Department of Neurology, Cairo University, Cairo, Egypt.
Received: 19 March 2022 Accepted: 26 July 2022

References
1. Simonetti L, Agati R, Cenni P, De Santis F, Leonardi M. Mechanism of Pain
in Disc Disease. Riv Neuroradiol. 2001;14(2):171–4.
2. Yang H, Liu H, Li Z, Zhang K, Wang J, Wang H, et al. Low back pain associ‑
ated with lumbar disc herniation: role of moderately degenerative disc
and annulus fibrous tears. Int J Clin Exp Med. 2015;8(2):1634–44.
3. Chou R. Pharmacological management of low back pain. Drugs.
2010;70(4):387–402.
4. Paoloni M, Di Sante L, Cacchio A, Apuzzo D, Marotta S, Razzano M, et al.
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. Spine
(Phila Pa 1976). 2009;34(13):1337–44.
5. Soave PM, Conti G, Costa R, Arcangeli A. Magnesium and anaesthesia.
Curr Drug Targets. 2009;10(8):734–43 2.
6. Crosby V, Wilcock A, Corcoran R. The safety and efficacy of a single dose
(500 mg or 1 g) of intravenous magnesium sulfate in neuropathic pain
poorly responsive to strong opioid analgesics in patients with cancer. J
Pain Symptom Manage. 2000;19:35–9.
7. Saeki H, Matsumoto M, Kaneko S, Tsuruta S, Cui YJ, Ohtake K, et al. Is
intrathecal magnesium sulfate safe and protective against ischemic
spinal cord injury in rabbits? Anesth Analg. 2004;99:1805–12.
8. Bilir A, Gulec S, Erkan A, Ozcelik A. Epidural magnesium reduces postop‑
erative analgesic requirement. Br J Anaesth. 2007;98:519–23.
9. Vanni D, Galzio R, Kazakova A, Pantalone A, Sparvieri A, Salini V, et al. Intra‑
foraminal ozone therapy and particular side effects: preliminary results
and early warning. Acta Neurochir (Wien). 2016;158(3):491–6.
10. Inal M, Dokumacioglu A, Özcelik E, Ucar O. The effects of ozonetherapy
and coenzyme Q10 combination on oxidative stress markers in healthy
subjects. Ir J Med Sci. 2011;180:703–7.
11. Lehnert T, Naguib NN, Wutzler S, Nour-Eldin NE, Bauer RW, Kerl JM, et al.
Analysis of disk volume before and after CT-guided intradiscal and
periganglionic ozone-oxygen injection for the treatment of lumbar disk
herniation. J Vasc Interv Radiol. 2012;23(11):1430–6.

Fathy et al. BMC Anesthesiology

(2022) 22:254

12. Borrelli E, Alexandre A, Iliakis E, Alexandre A, Bocci V. Disc herniation and
knee arthritis as chronic oxidative stress diseases: the therapeutic role of
oxygen ozone therapy. J Arthritis. 2015;4(3):161.
13. Feng C, Yang M, Lan M, Liu C, Zhang Y, Huang B, et al. ROS: Crucial Inter‑
mediators in the Pathogenesis of Intervertebral Disc Degeneration. Oxid
Med Cell Longev. 2017;2017:5601593.
14. Farrar JT, Young JP Jr, LaMoreaux L, Werth JL, Poole RM. Clinical impor‑
tance of changes in chronic pain intensity measured on an11-point
numerical pain rating scale. Pain. 2001;94:149–58.
15. Fairbank JC, Pynsent PB. The Oswestry Disability Index. Spine.
2000;25(22):2940–52.
16. Feise RJ, Michael MJ. Functional Rating Index: a new valid and reliable
instrument to measure the magnitude of clinical change in spinal condi‑
tions. Spine (Phila Pa 1976). 2001;26:78–86.
17. Hawthorne G, Sansoni J, Hayes L, Marosszeky N, Sansoni E. Measuring
patient satisfaction with health care treatment using the Short Assess‑
ment of Patient Satisfaction measure delivered superior and robust
satisfaction estimates. J Clin Epidemiol. 2014;67:527–37.
18. Yousef AA, Al-deeb AE. A double-blinded randomized controlled study
of the value of sequential intravenous and oral magnesium therapy in
patients with chronic low back pain with a neuropathic component.
Anaesthesia. 2013;68(3):260–6.
19. Demiroglu M, Ün C, Ornek DH, Kıcı O, Yıldırım AE, Horasanlı E, et al. The
Effect of Systemic and Regional Use of Magnesium Sulfate on Postopera‑
tive Tramadol Consumption in Lumbar Disc Surgery. Biomed Res Int.
2016;2016:3216246.
20. Cairns BE, Svensson P, Wang K, Hupfeld S, Graven-Nielsen T, Sessle BJ,
et al. Activation of peripheral NMDA receptors contributes to human pain
and rat afferent discharges evoked by injection of glutamate into the
masseter muscle. J Neurophysiol. 2003;90(4):2098–105.
21. Lawand NB, Willis WD, Westlund KN. Excitatory amino acid receptor
involvement in peripheral nociceptive transmission in rats. Eur J Pharma‑
col. 1997;324(2-3):169–77.
22. Hassan WF, Tawfik MH, Nabil TM, Abd Elkareem RM. Could intraoperative
magnesium sulphate protect against postoperative cognitive dysfunc‑
tion? Minerva Anestesiol. 2020;86(8):808–15.
23. Newcomer JW, Farber NB, Olney JW. NMDA receptor function, memory,
and brain aging. Dialogues Clin Neurosci. 2000;2:219–32.
24. Yamanaka R, Shindo Y, Oka K. Magnesium is a key player in neuronal
maturation and neuropathology. Int J Mol Sci. 2019;20:3439.
25. Fawcett WJ, Haxby EJ, Male DA. Magnesium: physiology and pharmacol‑
ogy. Br J Anaesth. 1999;83:302–20.
26. Marret S, Gressens P, Gadisseux JF, Evrard P. Prevention by magnesium of
excitotoxic neuronal death in the developing brain: an animal model for
clinical intervention studies. Dev Med Child Neurol. 1995;37:473–84.
27. Aryana P, Rajaei S, Bagheri A, Karimi F, Dabbagh A. Acute effect of intravenous
administration of magnesium sulfate on serum levels of interleukin-6 and
tumor necrosis factor-α in patients undergoing elective coronary bypass
graft with cardiopulmonary bypass. Anesth Pain Med. 2014;4:e16316.
28. Gao F, Ding B, Zhou L, Gao X, Guo H, Xu H. Magnesium sulfate provides
neuroprotection in lipopolysaccharide-activated primary microglia by
inhibiting NF-κB pathway. J Surg Res. 2013;184:944–50.
29. Ghaffaripour S, Mahmoudi H, Eghbal H, Rahimi A. The Effect of Intrave‑
nous Magnesium Sulfate on Post-Operative Analgesia During Laminec‑
tomy. Cureus. 2016;8(6):e626.
30. Bonetti M, Fontana A, Cotticelli B, Volta GD, Guindani M, Leonardi M.
Intraforaminal O(2)-O(3) versus periradicular steroidal infiltrations in
lower back pain: randomized controlled study. AJNR Am J Neuroradiol.
2005;26(5):996–1000.
31. Niu T, Lv C, Yi G, Tang H, Gong C, Niu S. Therapeutic Effect of Medical
Ozone on Lumbar Disc Herniation. Med Sci Monit. 2018;24:1962–9.
32. Hosseini B, Taheri M, Sheibani K. Comparing the results of intradiscal
ozone injection to treat different types of intervertebral disc herniation
based on MSU classification. Interv Neuroradiol. 2019;25(1):111–6.
33. Steppan J, Meaders T, Muto M, Murphy KJ. A metaanalysis of the effec‑
tiveness and safety of ozone treatments for herniated lumbar discs. J Vasc
Interv Radiol. 2010;21(4):534–48.
34. Magalhaes FN, Dotta L, Sasse A, Teixera MJ, Fonoff ET. Ozone therapy as
a treatment for low back pain secondary to herniated disc: a systematic
review and meta-analysis of randomized controlled trials. Pain Physician.
2012;15(2):E115–29.

Page 10 of 10

35. Gallucci M, Limbucci N, Zugaro L, Barile A, Stavroulis E, Ricci A, et al. Sci‑
atica: treatment with intradiscal and intraforaminal injections of steroid
and oxygen-ozone versus steroid only. Radiology. 2007;242(3):907–13.
36. Ryska P, Jandura J, Hoffmann P, Dvorak P, Klimova B, Valis M, et al. Com‑
parison of pulsed radiofrequency, oxygen-ozone therapy and epidural
steroid injections for the treatment of chronic unilateral radicular syn‑
drome. Medicina (Kaunas). 2021;57(2):136.
37. Suzuki S, Fujita N, Hosogane N, Watanabe K, Ishii K, Toyama Y, et al. Exces‑
sive reactive oxygen species are therapeutic targets for intervertebral disc
degeneration. Arthritis Res Ther. 2015;17:316.
38. Dimozi A, Mavrogonatou E, Sklirou A, Kletsas D. Oxidative stress inhibits
the proliferation, induces premature senescence and promotes a cata‑
bolic phenotype in human nucleus pulposus intervertebral disc cells. Eur
Cell Mater. 2015;30:89–102 discussion 103.
39. Hou G, Lu H, Chen M, Yao H, Zhao H. Oxidative stress participates in agerelated changes in rat lumbar intervertebral discs. Arch Gerontol Geriatr.
2014;59(3):665–9.
40. Hans CP, Chaudhary DP, Bansal DD. Magnesium deficiency increases
oxidative stress in rats. Indian J Exp Biol. 2002;40(11):1275–9.
41. Zheltova AA, Kharitonova MV, Iezhitsa IN, Spasov AA. Magnesium defi‑
ciency and oxidative stress: an update. Biomedicine (Taipei). 2016;6(4):20.
42. Regan RF, Jasper E, Guo Y, Panter SS. The effect of magnesium on oxida‑
tive neuronal injury in vitro. J Neurochem. 1998;70(1):77–85.
43. Maulik D, Qayyum I, Powell SR, Karantza M, Mishra OP, Delivoria-Papado‑
poulos M. Post-hypoxic magnesium decreases nuclear oxidative damage
in the fetal guinea pig brain. Brain Res. 2001;890(1):130–6.
44. Bocci V. Does ozone therapy normalize the cellular redox balance?
Implications for therapy of human immunodeficiency virus infection and
several other diseases. Med Hypotheses. 1996;46(2):150–4.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

