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Abstract
Purpose  To assess and compare the clinical effectiveness of percutaneous intradiscal ozone therapy in patients affected by 
lumbar disc herniation, with and without history of COVID-19 infection.
Materials and Methods  After the rising of COVID-19 pandemics in Italy, 47 consecutive percutaneous intradiscal ozone 
therapies were performed on patients with low back pain and/or sciatic pain due to lumbar disc herniation. Among these, 19 
had suffered from COVID-19 and successively recovered with no residual symptoms, while the remaining 28 had not previ-
ously been affected by COVID-19 and were not convalescent. Oswestry Disability Index (ODI) was administered before the 
treatment and at 1-month and 3-month follow-up in order to assess the clinical outcome.
Results  The two groups were similar in terms of patient age (p-value 0.54), treated levels (p-value 0.26) and pre-procedure 
ODI (p-value 0.33). Technical success was achieved in all cases. In patients previously affected by COVID-19, mean ODI 
decrease was 11.58 ± 9.51 (35.72%) at 1-month follow-up and 20.63 ± 9.87 (63.63%) at 3-month follow-up. In patients never 
affected by COVID-19, mean ODI decrease was 20.93 ± 10.53 (58.73%) at 1-month follow-up and 22.07 ± 11.36 (61.92%) 
at 3-month follow-up. Eventually, clinical success was registered in 84.21% (16/19) of patients with history of COVID-19 
infection and in 85.71% (24/28) of patients with no history of COVID-19 infection. No major complication was registered.
Conclusions  In case of lumbar disc herniation treated with percutaneous intradiscal ozone therapy, patients previously 
affected by COVID-19 showed a significantly longer recovery time.
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Introduction

Low back pain (LBP) is a common clinical, public health 
and socioeconomic problem affecting patients worldwide 
[1]. More than half adults all over the world suffer from 
LBP at some point of their life with different degrees of 
symptom severity, and many cases have LBP associated with 
sciatic symptoms [2]. However, only few patients develop 
LBP related to degenerative joints and disc disease [3]. The 
mechanism of lumbar pain is yet to be properly understood 
and is likely to be multifactorial, with both mechanical and 
inflammatory factors [4]. At present, pain is seen as the 
result of irritation and chemical inflammation of peripheral 
nerves due to the surrounding intervertebral discs compres-
sion [5], throughout the release of inflammatory cytokines, 
which make the nerve root oversensitive to mechanical com-
pression itself [6]. As is known, musculoskeletal disorders 
(MSDs) involving muscles, tendons, joints, and spinal discs 
lead to decreased work effectiveness and quality of life [7, 
8]. The prevalence of these disorders may vary on the base 
of individual habits and lifestyle modifications. In this con-
nection, the onset of the COVID-19 pandemics has forced 
governments to establish social restrictions to prevent its 
spread [9]. Mandatory home isolation with prolonged sit-
ting and insufficient physical activity caused higher risk of 
MSD, in particular lumbar pain [10]. Moreover, loneliness 
and social isolation increased the perceived pain [11], espe-
cially in patients who have been affected by COVID-19.

Therefore, the aim of this study is to assess and com-
pare clinical outcome and recovery time in patients with 
and without history of COVID-19 infection, and treated 
with percutaneous intradiscal ozone therapy for lumbar disc 
herniation.

Material and methods

Ethics statements

Institutional review board approval for this study was waived 
because the studied procedure is ordinarily performed in our 
institution and is not considered experimental. Appropriate 
written informed consent was collected before every proce-
dure. All data were retrospectively collected by a dedicated 
data manager. The authors declare that they have no conflict 
of interest. No funding was received to support this study.

Patients population

After the rising of COVID-19 pandemics in Italy, 47 con-
secutive percutaneous intradiscal ozone therapies were 

performed on patients with LBP and/or sciatic pain due to 
lumbar disc herniation. Among these, 19 had suffered from 
COVID-19 1-to-3-month before the procedure and suc-
cessively recovered with no residual symptoms, while the 
remaining 28 had not previously been affected by COVID-
19 and were not convalescent. Among patients previously 
affected by COVID-19, only 3 were hospitalized for mild 
dyspnea and discharged after a maximum period of 7 days. 
Oswestry Disability Index (ODI) was administered before 
the treatment and at 1-month and 3-month follow-up in order 
to assess the clinical outcome.

Ozone generator and administration technique

A commercially available oxygen/ozone generator (Medical 
99 IR, Multiossigen s.r.l., Gorle, Italy) was used to gener-
ate the desired concentration of the oxygen/ozone mixture. 
The ozone administration was performed in sterile condi-
tions, after proper disinfection of the lumbar region. No 
local anesthesia was used in the puncture site before the 
procedure. With patients laid in the prone position, ozone 
was injected through a sterile 22-gauge 15-cm-long Chiba 
needle (Cook Medical, Bloomington, IN) previously placed 
in the intervertebral space under imaging guidance. In our 
department, imaging guidance was performed using fluoros-
copy or computed tomography (CT), on the base of operator 
preference and technique room availability. Previous studies 
showed how fluoroscopic guidance reduces operative time 
and radiation exposure in comparison with CT guidance for 
intradiscal ozone therapy [12, 13]. Ozone was collected with 
a polypropylene 10-mL syringe, and 5 mL of ozone/oxygen 
mixture at 30 µg/mL concentration rate was injected into 
the disc. Afterward, additional 5 mL of ozone/oxygen mix-
ture at similar concentration rate was injected into the soft 
paravertebral tissues in the surroundings of the nerve root, 
together with a 2-mL solution containing 1mL of Depo-
Medrol 40mg/mL and 1 mL of Lidocaine Hydrochloride 
20mg/mL. Oral antibiotic therapy was prescribed for 5 days, 
starting from the day before the procedure. Additional taking 
of paracetamol was recommended in case of exacerbated 
pain. No other pre-operation and/or post-operation medi-
cations were administered to patients. After the procedure, 
patients were discharged within two hours and invited to 
avoid strenuous activities for at least 2 days.

Fluoroscopy‑guided procedure

The patient laid in the prone position on a digital sub-
traction angiography (DSA) operating table (Allura Xper 
FD20, Philips Medical, Eindhoven, NL). At first, the lat-
eral projection was obtained and alignment of the end-
plates of the involved disc space was performed through 
cranial and caudal angulations of the C-arm to clearly 
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open the disc space. Then, the C-arm was rotated at an 
angle of around 30°, so that the facet joint superimposed 
on the posterior third of the disc space produces the so-
called Scotty dog appearance. In general, the puncture site 
is around 8cm away from the vertebral spinous process 
line. The needle tip was placed in the center of the disc 
under DSA, with insertion along the ‘security triangle’ 
through the posterior-lateral pathway. In the oblique pro-
jection, the needle was inserted just anterior and lateral to 
the superior articular process of the inferior vertebra (i.e., 
‘Scotty dog’ ear) at the direction of the X-ray beam. The 
position of the needle tip was confirmed in the center of 
the disc by both posterior–anterior and lateral fluoroscopy 
images, and the administration was started.

CT‑guided procedure

The patient laid in the prone position on a CT sliding table 
(Aquilion Prime SP, Toshiba Medical Systems Europe, 
Zoetermeer, NL). Three-mm slice-thickness CT sections, 
parallel to the edge of the vertebra, were obtained for 
intervention planning. In the following, the needle was 
advanced through the soft tissues to the nucleus pulposus, 
with an extraspinal lateral approach by the same side of 
major pain. CT scans were used to monitor the advancing 
needle. With the needle tip well positioned, the admin-
istration was started. In case of puncture site at the level 
of L5-S1, a pillow was used to increase the lumbosacral 
angle. A post-procedural CT scan was performed to show 
the distribution of gas after the injection.

Outcome measures

Patients underwent a 1-month and 3-month follow-up 
in order to determine the effectiveness of the procedure. 
Oswestry Low Back Pain Disability Questionnaire [14] 
was administered to all patients on the day of the pro-
cedure, after 1-month and 3-month follow-up. ODI is a 
percentage score, calculated on the base of a 10-item ques-
tionnaire, one item for pain and the other items to assess 
the pain impact on daily life activities such as personal 
care, lifting, walking, sitting, standing, sleeping, sexual 
life (if applicable), social life, and traveling. The response 
to treatment was considered binary in accordance with 
literature recommendations [15, 16]: it was categorized as 
successful (responders) in case of reduction in the preoper-
ative ODI values of at least 30% during follow-up; unsuc-
cessful (non-responders) if otherwise. Patients unable to 
return the questionnaire were interviewed on telephone. 
Recovery time was established on the base of follow-up 
ODI results and the related decrease.

Statistical analysis

The statistical analysis was performed with MATLAB statis-
tical toolbox version 2008 (MathWorks, Natick, MA, USA) 
for Windows at 32 bit. All data were analyzed as numbers 
and percentage for qualitative variables and mean and range 
for quantitative variables. Chi-squared test for qualitative 
variables and Student’s t test for quantitative variables were 
used to compare the groups’ characteristics. Tests with 
p-value (p) < 0.05 were considered significant.

Results

Table 1 shows the demographics of the patient population 
and the disc herniation characteristics, respectively.

After the rising of COVID-19 pandemic in Italy, 47 con-
secutive percutaneous intradiscal ozone therapies for disc 
herniation were performed in our interventional department 
on patients aging from 24 to 78 years (mean age 52.11 years; 
standard deviation: 14.37). Thirty-one of them (57.66%) 
were male; 16 (42.34%) were female. All cases were retro-
spectively reviewed.

At the time of the procedure, 19 patients reported a 
previous COVID-19 disease with no residual symptoms 
(Group A), while the remaining 28 had never suffered 
from this infection (Group B). These groups were similar 
in terms of patient age (p-value 0.39): the average age was 
52.11 ± 14.37 years (range 24–78 years) for Group A and 
54.89 ± 15.62 years (range 26–78 years) for Group B.

Overall, the mean duration of symptoms before treatment 
was 3.78 ± 2.14 months (range 1–8 months). Most patients 
presented with sciatica (24/47, 51.06%), few (4/47, 8.51%) 
mainly suffered of lumbalgia, and the remaining 19/47 
(40.43%) complained of both lumbalgia and sciatica.

The most common level of the treated disc herniation 
was L4-L5 (35/47, 72.34%) both among patients in Group 
A (15/19) and among those in Group B (19/28). L5-S1 
was treated overall in 12/47 patients (4 in Group A and 8 
in Group B). L3-L4 level was treated in 1 patient in each 
group. No statistical difference was found in the distribution 
of treated levels between the two groups of patients (p-value 
0.26), nor in side of the herniation (p-value 0.44), nor in the 
disc lesion morphology (p-value 0.29).

Outcomes are listed in Table 2. Technical success of 
100% was registered in both groups. According to Oswestry 
Low Back Pain Disability Questionnaire, the mean pre-
procedure ODI score was 32.42 ± 8.53 for patients with 
previous COVID-19 infection and 35.64 ± 12.41 for the 
remaining patients, with no significant difference between 
the two groups. The mean 1-month follow-up ODI score was 
20.84 ± 8.55 for Group A and 14.71 ± 7.74 for Group B, 
with significant statistical difference between them (p-value 
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Table 1   Demographics of the 
patient population, sorted by 
groups

L lumbar vertebra, S sacral vertebra, SD standard deviation
* Group 1: patients with history of COVID-19 infection
** Group 2: patients never affected by COVID-19

Parameters Group A* (n = 19) Group B** (n = 28) Overall (n = 47) p-value

Age
(years), mean ± SD 52.11 ± 14.37 54.89 ± 15.62 53.77 ± 15.04 0.54
Gender (%)
Male 31/47 (65.96)
Female 16/47 (34.04)
COVID-19
Previously infected by COVID-19 YES NO
Main complain (%)
Sciatica 24/47 (51.06)
Lumbalgia 4/47 (8.51)
Lumbalgia and Sciatica 19/47 (40.43)
Pain duration before treatment
(months), mean ± SD 3.78 ± 2.14
Pre-procedure ODI
mean ± SD 32.42 ± 8.53 35.64 ± 12.41 34.34 ± 11.01 0.33
Level of disc herniation 0.26
L3-L4 1 1 2 (4.26)
L4-L5 15 19 35 (72.34)
L5-S1 4 8 12 (25.53)
Side of the herniation 0.44
Left 11 16 27 (57.44)
Right 8 12 20 (42.55)
Disc lesion morphology 0.29
Bulges 1 1 2
Protrusion 10 16 26
Extrusion 8 11 19

Table 2   Outcomes sorted by 
groups

n number of patients, SD standard deviation, min minutes
* Group A: patients with history of COVID-19 infection
**  Group B: patients never affected by COVID-19

Group A*
(n=19)

Group B** (n=28) Overall (n=47) p-value

Technical success
n (%) 19/19 (100%) 28/28 (100%) 47/47 (100%)
Pre-procedure ODI
mean ± SD 32.42 ± 8.53 35.64 ± 12.41 34.34 ± 11.01 0.33
1-month follow-up ODI
mean ± SD 20.84 ± 8.55 14.71 ± 7.74 16.89 ± 8.13 0.014
1-month ODI mean reduction
mean ± SD 11.58 ± 9.51 20.93 ± 10.53 17.57 ± 11.68 0.003
3-month follow-up ODI
mean ± SD 11.68 ± 7.16 13.14 ± 8.06 12.55 ± 7.66 0.53
3-month ODI mean reduction
Mean ± SD 20.63 ± 9.87 22.07 ± 11.36 21.66 ± 5.90 0.66
Clinical success (3-month)
n (%) 16/19 (84.21%) 24/28 (85.71%) 58/68 (85.11%) 0.43
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0.014). The mean reduction and percentages of symptoms 
improvement for ODI at 1-month follow-up were 11.58 
(36.72%) and 20.93 (58.73%) for patients in Group A and in 
Group B, respectively. A significant difference was found in 
the clinical outcome between the two groups at 1-month fol-
low-up (p-value 0.003). Differently, the 3-month follow-up 
evaluation showed no statistical difference in the mean ODI 
reduction of the two groups: the mean 3-month follow-up 
ODI score was 11.68 ± 7.16 for Group A and 13.14 ± 8.06 
for Group B (p-value 0.53), and the ODI mean reduction was 
20.63 (63.64%) for Group A and 22.07 (63.69%) for Group 
B (p-value 0.66).

At 3-month follow-up, the clinical success was observed 
in 16/19 (84.21%) patients with reported previous COVID-
19 infection and in 24/28 (85.71%) patients with no history 
of pandemic disease. No statistical difference was found in 
the clinical outcome between the two groups (p-value 0.43). 
The procedure was overall well-tolerated. In this study, there 
was no major complication such as disc infection, nerve and/
or vascular injury.

Discussion

The pathogenesis of disc herniation is not fully understood. 
Nerve compression and chronic inflammation are supposed 
to be the cause of pain, which could disappear if the inflam-
matory response decreases, even with the persistence of 
protrusion [17]. Oxygen/ozone chemonucleolysis is a mini-
mally invasive intervertebral disc therapy, commonly used 
for the treatment of disc herniation in the last decades [18]. 
As many other minimally invasive techniques [19–22], it is 
an imaging-guided procedure. In particular, it is based on the 
imaging-guided administration of an oxygen/ozone medi-
cal mixture at nontoxic concentrations (5–40 μg of O3 per 
ml of oxygen), prepared using ozone generators, which can 
adjust ozone concentration as required [18, 23]. LBP and/or 
sciatic pain is generally dominated through a single-session 
treatment of intradiscal ozone injection with concomitant 
periradicular infiltration of the oxygen/ozone mixture, ster-
oid and local anesthetic, as the combined injection of these 
materials has proved to reach a better outcome in compari-
son with the use of ozone or steroid alone [16, 24].

However, during the COVID-19 pandemic, loneliness 
and social isolation due to physical distancing measures 
and travel restrictions have physically and mentally affected 
health worldwide [25–28]. These conditions are commonly 
reputed as great determinants of health and quality of life 
[29] as well as measures of psychological disorders, like 
depression [30], and other physical problems, such as car-
diovascular diseases [31] and increased blood pressure 
[32]. Moreover, social isolation and loneliness are also 
well-known psychosocial risk factors for the exacerbation 

of pain [33, 34]. The English Longitudinal Study of Ageing 
(ELSA) epidemiological study established that loneliness 
leads to higher prevalence of musculoskeletal pain [35]. In 
accordance, other studies showed that loneliness is strongly 
associated with pain exacerbation [33, 36, 37] and that social 
isolation is likely to amplify the perception of pain [34]. 
Therefore, the psychological stress and the physical isola-
tion due to COVID-19 pandemic surely contributed to the 
onset of pain [38] and had a large impact on patients with 
chronic back pain and low tolerance to psychological stress 
[38–40]. Also, this condition should be described in radio-
logical examination reports to best explain radiological find-
ings and avoid medico-legal implications [41].

This study aimed to investigate how COVID-19 infec-
tion influences the perception of pain due to disc hernia-
tion in patients undergoing intradiscal ozone therapy. So 
far, authors have investigated several aspects of the oxygen/
ozone intradiscal therapy. However, a comparison of LBP 
perception after intradiscal ozone therapy in patients with 
and without previous COVID-19 infection has never been 
performed, to our knowledge. Indeed, an advanced research 
on pubmed using the combination of the terms ‘intradis-
cal ozone’ and ‘low back pain’ and/or ‘COVID-19’ gave no 
pertinent result.

Patients in our series were sorted in two groups on the 
base of previous COVID-19 infection, and the clinical 
outcome was assessed and compared using the Oswestry 
Low Back Pain Disability Questionnaire to measure clini-
cal impairment before the treatment and after 1-month 
and 3-month follow-up. A statistical significant difference 
was found between the two groups at 1-month follow-up: 
In particular, the clinical success rate was significantly 
lower in patients previously affected by COVID-19, with 
an average ODI decrease of almost half the mean decrease 
in patients never affected by COVID-19 (11.58 ± 9.51 ver-
sus 20.93 ± 10.53, p-value = 0.003). Differently, this range 
markedly reduces at 3-month follow-up and no significant 
difference in mean ODI decrease is detected at this time 
(20.63 ± 9.87 versus 22.07 ± 11.36, p-value = 0.66). In 
other words, patients with the history of COVID-19 infec-
tion had a slower improvement of disability symptoms, 
with similar clinical outcome of other patients at 3-month 
follow-up. Overall, the final outcome in our series (84.21% 
for patients previously affected by COVID-19; 85.71% for 
other patients) was slightly superior in comparison with the 
previous published paper by Ezeldin et al. [42], in which 
a 6-months follow-up outcome showed an improvement of 
disability symptoms in 76% of patients. These authors reg-
istered a mean ODI score reduction of 15.64 points, which 
resulted significantly lower than the ODI decrease in our 
study (21.66 ± 10.66). On the other hand, Gallucci et al. 
[16] reported an even lower success rate (74%) in patients 
treated with a combination of intradiscal and intraforaminal 
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injections of oxygen/ozone, steroid and local anesthesia. 
Another paper by Andreula et al. [43] showed a satisfactory 
therapeutic outcome in 78.3% of patients receiving an intra-
discal (4 mL) and periganglionic (8 mL) injection of oxygen/
ozone mixture followed by periganglionic injection of ster-
oids and anesthetic, with a poorer outcome if the solution 
of steroids and anesthetic was waived (70.3%). In this study, 
no distinction was made between different types of disc her-
niations, as proposed by Muto et al. in a paper published 
in 2008 [44]: In particular, this author reported a success 
rate of 75–80% for soft disc herniation, 70% for multiple-
disc herniations, and 55% for failed back surgery syndrome. 
Thereby, our overall success rate at 3-month follow-up was 
similar to what registered by Muto for soft disc herniation. 
Unfortunately, it was not possible to properly compare our 
results with previously published papers using a clinical 
outcome scoring other than the Oswestry Disability Ques-
tionnaire, such as Oder [45] and Lu [46]. The first reported 
successful treatment in 620 subjects with reduction of pain 
measured by means of VAS score with excellent results in 
one-third of the patients (reduction from 8 to <3). The latter 
measured the therapeutic outcome according to the modified 
Macnab criteria [47] (excellent efficacy in 63.8% of patients, 
good/fair in 27.6%, poor in 8.6%), with a total effective rate 
(excellent/good/fair) of 91.4%, slightly superior than ours.

All mentioned papers report a clinical outcome higher 
than what registered for patients with previous COVID-19 
infection in our series at 1-month follow-up. A possible 
explication of this fact is that pain symptoms were related 
at least in part to COVID-19. In the last year, many study 
investigated the impact of COVID-19 pandemic on MSD. 
An investigation on the prevalence of MSD among Polish 
Territorial Army soldiers during the COVID-19 pandemic 
revealed that the most common problem was LBP, followed 
by neck and knee pain [48]. In their study of the Royal Nor-
wegian Navy, Morken et al. [49] observed that 85% of these 
soldiers had experienced MSD, and also in this series the 
most common MSD was in the lower back, shoulders, and 
neck. Moreover, the authors noticed that civilians had even 
higher prevalence of MSD than military personnel, thus 
meaning that isolation and physical distancing measures due 
to COVID-19 pandemic caused an overall stronger percep-
tion of MSD pain in the whole population. However, results 
in our series clearly indicate that the previous COVID-19 
infection significantly influences the effectiveness of per-
cutaneous intradiscal ozone therapy at 1-month follow-up 
and lengthens the mean recovery time. A common clinical 
feature of COVID-19 is myalgia, defined as muscle aches 
and pain [50]. Anyway, emerging data suggest that patients 
may fail to fully recover after acute COVID-19 disease infec-
tion and report symptoms persisting for weeks or months. 
Those patients have been termed ‘long haulers’ or described 
as having ‘long-COVID’ [51], and fatigue is a dominant 

feature. The term ‘fatigue’ has several meanings, including 
that experienced by people as part of daily life or the one 
caused by a disease. When complaining of fatigue, patients 
may actually be referring to weakness, dyspnea, difficulties 
in concentration, somnolence, or low mood. The subjective 
experience of fatigue (as with pain) is associated to other 
concomitant brain processes, such as perceptions, emotions, 
and cognitions [52]. In this context, the dilated recovery time 
of some patients in our series (Group A) may be partially 
explicated as the consequence of increased pain perception 
in people previously affected by COVID-19 infection.

The primary limitation of this study is the retrospective 
design. A larger population would be advisable to confirm 
our results. On the contrary, a potential strength of this paper 
is the attention paid on COVID-19 pandemic impact on LBP 
due to herniated disc treated with percutaneous intradiscal 
ozone therapy.

In conclusion, patients with previous COVID-19 infection 
with no residual symptoms show a longer recovery time after 
intradiscal ozone therapy for LBP due to disc herniation, in 
comparison with patients never affected by COVID-19, with 
similar clinical outcome after 3-month follow-up.
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