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AbstrAct

Introduct ion:  Low back pain is one of the most common causes of short-term, 
and sometimes long-term, disability in the population younger than 45 years old. 
Approximately 60% to 80% of the population in developed countries experience 
back pain in various locations (neck, mid and lower back) at least once in their 
lifetime. Guidelines regarding back pain treatment are undergoing constant mo-
difications and improvements. The relevance of dorsalgia as a significant medical 
problem and its management is shown by the increased number of recently publi-
shed papers, which has tripled in the past several years (from 22% to 65%).

Aim:  To analyze the most critical risk factors of the degenerative intervertebral 
disk disease, and to review the effectiveness of invasive and noninvasive methods 
of treatment of the lower back pain syndrome.

Mater ia l  and  methods :  Recently published papers focusing on invasive and 
noninvasive treatments of low back pain syndrome.

Resu l t s  and  d i scuss ion:  Surgical intervention as a single method of back 
pain treatment is indicated in a small number of cases. The risk of repeated sur-
geries for intravertebral disk herniation should be considered before any surgical 
intervention. A wide variety of treatment options allows to choose the most effec-
tive approach based on individual needs.

Conc lus ions :  Conservative, noninvasive approach has shown to be an effective 
alternative for lower back pain and radiculopathy treatment. It has been determined 
that ozone therapy is an appropriate, relevant, and affordable treatment method for 
patients with vertebral degenerative changes and intravertebral disk diseases.
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1. INTRODUCTION

Lower back pain is known to be one of the most common 
causes of short and long-term disability among young and 
middle-aged people; this syndrome occurs in 60–80% of the 
Europe population.1–3 In Ukraine, dorsalgia accounts for 
nearly 76% of all medical visits and 72% of disability claims 
in the outpatient setting.4 Recent statistical analysis show 
that about half of inpatient hospitalizations were connected 
to muscle-skeletal problems. Prevalence of chronic back 
pain in different age groups has a minor gender difference 
– 24% of men and 32% of women aged 20–64 years old.5,6 
In most cases, acute episodes of back pain resolve within 
6 weeks. However, in one third part of adult patients, such 
acute pain becomes chronic.6,7

The financial burden associated with medical expenses 
and social benefits for patients with a temporary or per-
manent disability resulting from chronic lower back pain 
remains significant over the world. The largest one-time 
budget spending (about 31%) is associated with surgical 
treatment of acute back pain syndrome – discectomy.8 How-
ever, at the same time, studies have shown that more than 
half of the cases of intravertebral disk herniations (IVHs) 
had no clinical manifestations and were incidental findings 
on MRI that did not require further medical treatment.6,9,10

Despite the considerable number of studies on pain 
management, the reasons why the asymptomatic course of 
the disease changes to acute radicular pain syndrome are not 
well understood.5,11 Increasing attention of scientists to the 
research and discussion on new nonpharmacological treat-
ment methods of the degenerative disk disease further indi-
cate relevance and importance of this issue.4,10,12

2. AIM

To analyze the most critical risk factors of the degenerative 
intervertebral disk disease, and to review the effectiveness of 
invasive and noninvasive methods of treatment of the lower 
back pain syndrome.

3. MATERIAL AND METHODS

The data from controlled and non-controlled randomized 
studies and meta-analysis from 2000 to 2018 that investi-
gated various methods of invasive and noninvasive treat-
ments of the intravertebral degenerative disk pathology. 
We searched through Medline, Cochrane, Embase, DARE, 
NIH, PubMed and Springer, and choose the studies and 
trials with robust designs and sample sizes. Authors did not 
focus on comparing the effectiveness of different kinds of 
treatment. The presented studies were comparable in the 
age brackets of patients, duration of illness and an intensity 
of the pain syndrome. In all cases, the IVH was confirmed 
by magnetic resonance imaging (MRI).  

4. RESULTS AND DISCUSSION

The main risk factors for developing a degenerative disk 
disease range in the following order, from the most preva-
lent to the least: age, excessive physical activity, prolonged 
work in an uncomfortable position, height of the person, 
obesity and smoking.13,14 It was found that in 75% of young 
patients, the development of the degenerative process in the 
vertebral column is associated with specific genetic markers. 
The pathological mechanism in intravertebral discs (IVDs) 
is associated with the dysplasia of the connective tissue and 
is clinically manifested by joint hypermobility. Potential ge-
netic markers of the IVD damage are dominated by genes 
encoding collagen 9A2 and 11A1, vitamin D3 receptors, 
various types of the metalloproteinases, intermediate carti-
lage protein, thrombospondin (THBS2), asporin (ASPNs) 
and sulphotransferase carbohydrate.11,13 An excessive devel-
opment of adipose tissue affects microcirculation and, as a 
result, accelerates degenerative processes in the IVDs, car-
tilage, and ligaments. Therefore, obesity is one of the major 
factors that complicate the course of the disease and treat-
ment given it contributes to both primary and recurrent 
protrusions and hernias.15–17 

Based on the study results conducted in Australia from 
1995 to 2015 with 742 329 participants, the average body 
mass index (BMI) increased in both men and women and 
corresponded to different degrees of obesity. The study 
demonstrated that the number of adults with various sever-
ity of obesity doubled in the last 20 years, and more than 
half of the population born from 1971 to 1979 has a BMI 
more than 35 kg/m2.16

4.1.  The main methods of treatment of dorsalgia
It is estimated that only 5%–10% of patients with acute or 
chronic low back pain require a surgical intervention.17,18 
Kokina and Filatov (2011) conducted a retrospective cohort 
study to determine the effectiveness of surgical treatment of 
the acute pain syndrome. Based on the results of MRI, 71% 
of patients had recurrent intravertebral hernias (IVHs) at a 
previously operated site and/or in adjacent segments. In the 
group of patients with satisfactory and good results of surgi-
cal treatment, a recurrence of IVHs was detected in 50% of 
patients one year following the surgical intervention. Ac-
cording to the experts, the rate of recurrence of IVH is not 
associated with the duration of the last exacerbation, clini-
cal manifestation of the disease, MRI data or the frequency 
of exacerbations of the disease in the past.13,18 In every 3rd 
patient, this condition was associated with comorbidities 
such as: diabetes, dysplastic connective tissue disease, and 
obesity, which have complicated operative and postopera-
tive recovery periods. In order to prevent complications, 
some authors recommend performing a preoperative risk 
analysis.10,18,19

A risk stratification before the second discectomy includes 
a preoperative size, localization of the hernia, degree of trau-
matic disk damage (protrusion or sequestration), patient's age, 
duration of the pain syndrome, degree of neurological defi-
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cits, duration of smoking (PPY) and presence of concomitant 
metabolic disease (diabetes mellitus).14,19,20 The sources of in-
formation about recent randomized and nonrandomized trials 
used in this article are presented in Tables 1 and 2.

The effectiveness of surgical treatment of IVHs depends 
on the correct surgical approach. It is proven that endoscopic 
microdiscectomy is associated with a lower number of post-
operative complications and significantly reduces the risk of 
recurrent surgery for IVD disease in adjacent segments.18,20 

Weinstein et al. (2006) compared surgical vs. conserva-
tive treatment outcomes of patients with IVD hernias com-
plicated by sciatica.21 The authors noted that most patients 

preferred the conservative approach as a modality of treat-
ment of IVD, and it was associated with a significantly lower 
rate of complications than discectomy.22–24 

Gugliotta et al. (2016) evaluated different treatment ap-
proaches for acute and chronic low back pain in 370 patients 
in a prospective cohort study. At weeks 3 and 12, and 1 year 
after the treatment, patients were assessed for neurological 
status, quality of life, physical activity and complaints. The 
authors noted that patients achieved a significantly faster 
improvement of symptoms (3 weeks) after discectomy and 
microdiscectomy than conservative management. How-
ever, only a minimal difference in the outcomes after treat 

Table 1. Characteristics of included observational cohort study and meta-analysis (n = 19).

Authors and country Period of investigation
Type 

of back 
pain

Sample 
size

(patients)
Method of treatment

Level of evidence 
(evidence-based 

medicine)

Prospective/
retrospective

study

Artus M, et al., UK23 2010-2012; a 52 week follow up Mixed 1787 Surgical and nonoperative 2 Prospective

Atlas SJ, et al., USA7 Date  not specified; a 12 months 
follow up Mixed 507 Surgical and nonoperative 3 Retrospective

Gugliotta M, et al., 
Switzeland6 2003-2007; a 24 months follow up Mixed 370 Surgical and nonoperative 3 Prospective

Belykh E, et al., Russia17 2008-2012; a 24 week follow up Acute 350 Surgical intervention 3 Prospective

Buric J, et al., Italy25 2002-2003; a 12 months follow up Acute 30 Nonsurgical treatment 3 Prospective

Hegarty D, et al., Ireland11 Date  not specified; a 3 months 
follow up Mixed 53 Surgical and  nonsurgical 

treatment 3 Prospective

Korhonen T, et al., Finland26 2002; a 12 months follow up Acute 17 Nonsurgical treatment 3 Prospective

Morselli A, et al., Italy27 2013; a 2 months follow up Acute 25 Nonsurgical treatment 3 Prospective

Murphy ME, et al., USA19 2010-2014; a 6 months follow up Acute 23583 Surgical intervention 3 Retrospective

Oba H, et al., Japan13 Date  not specified; a 6 months 
follow up Acute 140 Surgical intervention 2 Prospective

Tu Z, et al., China14 2008-2011; a 6 months follow up Acute 152 Surgical intervention 3 Prospective

Tschugg A, et al., Austria20 Date  not specified; a 12 months 
follow up Mixed 52 Surgical intervention 3 Prospective

Shin JS, et al., Korea22 2006; a 5 year follow up Mixed 150 Nonsurgical treatment 3 Prospective

Thackeray A, et al., USA28 2010-2012; a 12 months follow up Mixed 363 Nonsurgical treatment 3 Prospective

Ucar D, et al., Turkey29 2018-2019; a 6 months follow up Acute 72 Nonsurgical treatment 3 Prospective

Vivekananda SP, et al., UK3 2009-2012; a 12 months follow up Mixed 68 Nonsurgical treatment 3 Prospective

Weinstein JN, et al., USA21 2000-2003; a 6 months follow up Mixed 743 Surgical and nonsurgical 
treatment 2 Retrospective

Yao Y, et al., China30 2005-2016; a 5 year follow up Acute 111 Surgical intervention 3 Retrospective

Zhong M, et al., China31 1990-2015; a 5 year follow up Mixed 587 Nonsurgical treatment 2 Retrospective

Table 2. Characteristics of included randomized controlled trials (n = 6).

Authors and country Period of investigation
Type 

of back 
pain

Sample 
size

(patients)
Method of treatment

Level of evidence 
(evidence-based 

medicine)

Prospective/
retrospective

study

Ackerman WE, et al., USA24 2004-2006; a 24 week follow up Mixed 90 Nonsurgical treatment 2 Prospective

Cohen SP, et al., USA32 2005-2006; a 6 months follow up Mixed 36 Nonsurgical treatment 2 Prospective

Isner-Horobeti M-E, 
France33 2014; a 28 day follow up Acute 17 Nonsurgical treatment 2 Prospective

Freeman BJC, et al., USA34 2004; a 26 week follow up Acute 49 Nonsurgical treatment 2 Prospective

Magalhaes FN, et al.35 1995-2011; a 6 months follow up Mixed 861 Nonsurgical treatment 2 Prospective

Tuakli-Wosornu YA, et al., 
USA36 2010-2012; a 12 months follow up Mixed 47 Nonsurgical treatment 2 Prospective
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ment was noted when evaluating the intermediate results (3 
months). The long-term effect of treatment was significant-
ly better in the group with conservative treatment.6 These 
study results correspond to similar research projects con-
ducted in other countries.22,31 As an alternative multimodal 
approach, conservative treatment includes physical therapy, 
medications, paravertebral block and other methods of con-
servative rehabilitation.10,19,24

Local corticosteroid injections are a well-known pain 
treatment technique, and its efficacy rate ranges from 20% 
to 95% of the cases. At the cellular level, the mechanism of 
action is achieved by reducing cytokine concentration in 
the area of inflammation. However, the analgetic effect and 
improvement of sensation in the affected area are usually 
short-lasting. According to observations, the use of corticos-
teroid epidural blocks does not reduce the potential need 
for surgery and does not affect the recovery of neurological 
deficits in radiculopathies.24,31

Several ongoing studies focus on different types of dor-
salgia where the corticosteroid injections are an appropriate 
and effective treatment method. Kim et al. (2016) and Altun 
et al. (2017) proposed that one of the important conditions 
for a positive treatment outcome is the size of the intraverte-
bral hernia, where transforaminal epidural blocks of hernias 
up to 6.23 mm demonstrated a success rate of almost 100%. 
According to the experts, hernias larger than 6.31 mm are 
more appropriate for the surgical treatment.37,38

TNF is a known molecular mediator in the pathogenesis 
of radiculopathy. Korhonen et al. (2004) followed a pathoge-
netic approach and used TNF-inhibitor-infliximab to treat 
lower back pain.26 Later, Cohen et al. (2007) confirmed the 
positive effect from subcutaneous and epidural injections 
of infliximab in patients with lower back pain. However, 
small-dose injections did not demonstrate satisfactory re-
sults.32 Freeman et al. (2013) conducted a placebo-controlled 
randomized trial with a transforaminal administration of 
TNF-inhibitor. Within 3 to 6 months after the treatment, 
patients reported a significant improvement in an overall 
wellbeing and control of lower back with sciatica.34 How-
ever, the study did not consider the demographic charac-
teristics of patients and did not report the dose-dependent 
effect of the treatment.

There is also a long-standing debate over the use of 
nontraditional treatment (dietary supplements, acupunc-
ture, homeopathic pharmacopuncture, chiropractic care). 
A study by Shin et al. (2016) demonstrated 5-year positive 
results from the nontraditional treatment as evidenced by 
scales of Visual Ache Scale (VAS), 36-Item Short Form 
Survey (SF-36), and others.22 In 66% of the cases, a regres-
sion of IVH was noted after repeated conservative courses 
of treatment. Zhong et al. (2017) described the results of a 
meta-analysis where most the patients experienced sponta-
neous resorptions of IVH after using traditional Oriental 
(acupuncture) treatment.31

Traction therapy has some limitations, but it is also 
one of the conservative treatment methods. This method 
leads to decreased edema and pressure on the nerve root, 

which are the main factors contributing to the pain. The 
Isner-Horobeti et al. (2016) study aimed to determine the 
effectiveness of the traction therapy using different weights 
as the primary treatment method. The study demonstrated 
that the low weight traction (10% of body weight) was more 
effective than the high weight one (50% body weight). The 
results of the study were determined to be statistically sig-
nificant but the design itself had some flaws (a small num-
ber of patients, 17 people).33

The traditional physical therapy is based on the course 
of long-term exercises that aim to strengthen core muscles 
thus increasing local and general mobility and reducing 
clinical manifestations of IVHs.19,31 Thackeray et al. (2016) 
studied the efficacy of a physical therapy vs. surgical treat-
ment, and according to the researchers, after 6 weeks of the 
treatment, there was no significant clinical difference be-
tween the two groups. A year later, the conservative treat-
ment with physical therapy demonstrated better outcomes 
compared to the surgical approach. It was particularly em-
phasized that patients who took part in regular physical 
therapy had minimal use of opioids and muscle relaxants 
for pain control.28,39

Current studies have started to discuss the possibility 
of mesenchymal stem cell injections, a PRP-therapy in the 
treatment of IVHs in patients with a long-standing back 
pain syndrome (>6 months). Several prospective rand-
omized studies have shown improvements in pain, quality 
of life, and physical activity within 1–2 weeks of therapy 
based on the analysis of the questionaries/scales used in 
studies. A distinctive feature of the treatment was absence of 
side effects. However, a small number of studies conducted 
using stem cells and a platelet-enriched plasma is not suf-
ficient for the widespread use of these methods in clinical 
environment.36,40

The ozone therapy is a relatively new alternative treat-
ment widely used to treat the back pain syndrome. It is 
known for its anti-inflammatory properties. The pathophys-
iological mechanism of action of the ozone therapy works 
towards reducing the activity of biologically active sub-
stances (BAS – histamine, serotonin, bradykinin, cytokines) 
and concentration of inflammatory subtypes of prostaglan-
dins. The direct anti-inflammatory effect on the pain is 
achieved by affecting inflammatory mediators, such as the 
tumor necrosis factor, interleukin-1, and interleukin-6.41 

The secondary analgesic effect is ensured by the reduction 
of lipid peroxidation, oxidative stress and improvement of 
microcirculation in the zone pathological process.29

4.2. The use of ozone in the treatment of patho-
logy of the intervertebral discs
A considerable number of articles have been devoted to the 
treatment of neuropathic pain with ozone therapy. Thus, 
intradiscal injections of various depth enriched with oxy-
gen-ozone gas mixture demonstrated a significant anti-in-
flammatory effect for the treatment of IVD. A number of 
publications have highlighted a strong analgesic effect of 
the O2 / O3 infiltration.25,29,35,42,43
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Lamberto et al. (2012) presented the results of a paraverte-
bral subcutaneous injection with a low concentration oxygen-
ozone mixture (8–12 mg/L). The total volume of the gas mix-
ture administered per pain zone was 25–30 mL in total and 
did not exceed 2–3 mL per one injection spot. To compare 
the local changes and efficacy of the method, the same con-
centration of the solution was injected into the symmetrical 
part of the body. It was noted that after the administration 
of the oxygen-ozone mixture, the treated area was different 
compared to the healthy one as shown by more prominent 
erythema around the injection site. This difference was ex-
plained by an increased concentration of inflammatory mark-
ers BAS, interleukins, tumor necrosis factor, bradykinin, and 
other compounds in the intercellular space of the affected 
area. The appearance of more intense erythema around the 
injection sites occurs during the interaction of the oxygen-
ozone solution with pain mediators, inflammatory factors 
and pain receptors, respectively. After 16 ± 7 minutes, the 
erythema gradually decreased and disappeared, followed by 
the development of an analgesic effect in the treated area.44

A daily paravertebral administration of the low-concen-
tration oxygen-ozone mixture for 1–2 weeks in the affected 
area of the spine demonstrated a steady decrease or complete 
resolution of the pain. According to the authors of the tech-
nique, the injection of an ozone solution into the affected 
area and the contralateral side prevented ‘phenomenon of 
pain migration.’29,42

The hypothesis expressed by Lamberto et al. (2012) is 
that an immediate short-term analgesic effect is associated 
with the improvement of local microcirculation, and a long-
term persistent analgesic effect occurs after the activation of 
the antioxidant system.44

A multicenter, randomized, double-controlled trial 
evaluated the effectiveness of ozone therapy in patients 
with a long-term lumbosacral pain. After paravertebral ad-
ministration of the oxygen-ozone mixture, 62% of patients 
achieved a complete resolution and only 5% of patients still 
required surgical treatment. The effectiveness of the para-
vertebral ozone therapy is explained by the increase in pain 
threshold by affecting the spinal pain receptor arch.45

However, the paravertebral ozone injections might be 
associated with secondary side effects due to excessive tis-
sue infiltration with a therapeutic gas solution.46 The oc-
currence or an increase of a muscular or deep visceral pain, 
impaired gait, fatal cases of embolism were observed after 
an incidental injection of a large volume of the gas mixture 
into the vessels during deep (intradiscal) injections. Anoth-
er reported side effect is a burning sensation at the area of 
innervation of spinal root related to the injection technique 
mistakes or high concentration of the oxygen-ozone mix-
ture at the site of infiltration.27,29

Morselli et al. (2015) set the goal to reduce the likeli-
hood of adverse effects associated with ozone therapy. They 
studied outcomes of the paravertebral administration of a 
smaller volume of the ozonated mixture (10 mL) and the 
possibility to use ultrasound-guided injections. There were 
50 patients in the age group between 39 and 77 years un-

der observation with suboptimal and short-term response 
to pharmacotherapy. The treatment course consisted of 
weekly ultrasound-guided injections of 5 mL of the ozone 
mixture (ozone concentration of 20 μg/mL) in the area of 
the facet joint, which corresponded to the trigger zone, with 
total duration of 10 weeks. The study demonstrated a sig-
nificant improvement of treatment outcomes by using the 
ultrasound-guided deep injection with a smaller volume of 
oxygen-ozone solution into the area of the affected IVD.27

The data from numerous published studies have con-
firmed the effectiveness of the ozone therapy for lower back 
treatment with or without sciatica.3,25,47,48 Other studies com-
pared the efficacy of analgesia and the duration of remission 
in patients with different courses of treatment: the use of 
ozone therapy-only vs. pharmacotherapy.27,35 Thus, the first 
group underwent a local intra-foraminal or a peridural ad-
ministration of steroids, and in the second group – a local 
administration of the oxygen-ozone mixture.45

Vivekananda et al. (conducted a clinical study to deter-
mine the impact of the chronic spinal pathology compli-
cated by IVH. The prospective clinical study included 68 
patients with a lower back pain complicated by IVH, as 
confirmed by an MRI. The treatment method consisted of 
a nucleolysis of hernias by administering an oxygen-ozone 
mixture under the MRI guidance.3

Ozone is known to have dose-dependent biological effects. 
At high concentrations (30–70 mg/mL), it can damage the 
structure of the tissue; at medium concentrations (20–30 mg/
mL), ozone potentiates the response of the immune system, 
and at low concentrations (<20 mg/mL) it improves micro-
circulation. The unique property of ozone is due to the dehy-
dration of the fibrillar matrix and the effect on collagen fibers, 
which explains the process of mummification of the IVH.46 

A fluoroscopic guidance was used to achieve more pre-
cise administration of the gas mixture and prevent local 
tissue damage during the injection into the intravertebral 
space. Published data showed that over 85% of cases associ-
ated with IVH were treated conservatively with ozone her-
nialysis.3,25,35 The success rate of the deep ozone therapy was 
88% compared to 50%–90% after a surgical treatment with 
a disc microdiscectomy. Also, the ozone therapy was associ-
ated with fewer side effects or complications compared to 
the ones appearing after the surgery. The studies provided 
a sufficient evidence of both short- and long-term pain con-
trol with minimal side effects.3,29,48

5. CONCLUSIONS 

(1) The multiple studies demonstrated the possibility of 
non-surgical, cost-effective treatment methods for com-
mon complications of degenerative-dystrophic diseases 
of the spine.

(2) An individualized approach continues to be the most 
important factor is the choice of the treatment tactic.

(3) Newer trend is minimal invasive technique which is cost ef-
fective with minimal hospital stay and least complications.
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(4) The ozone therapy has shown its effectiveness as one of 
the modern, minimally invasive procedures with a lower 
rate of recurrences and remarkably fewer side effects for 
patients with a chronic back pain.

Conflict of interest
Authors declare no conflict of interest.

Funding
This research was not sponsored by any foundations or or-
ganizations.

Acknowledgement
We thank our colleagus from National Pirogov Memorial 
Medical University (Vinnytsya, Ukraine) for help in collec-
tion materials during preparing the manuscript.

References
1 Duenas M, Ojeda B, Salazar A, et al. A review of chronic 

pain impact on patients, their social environment and 
the health care system. J Pain Res. 2016;9:457–467. 
http://dx.doi.org/10.2147/JPR.S105892.

2 Dinakar P, Stillman AM. Pathogenesis of Pain. Sem-
in Pediatr Neurol. 2016;23(3):201–208. http://dx.doi.
org/10.1016/j.spen.2016.10.003.

3 Vivekananda SP, Garampalli A, Patil SN. Ozone nucleolysis 
in lumbar intervertebral disc herniation: non-randomized 
prospective analysis. J Evol Med Dent Sci. 2015;4(37): 
6456–6466. http://dx.doi.org/10.14260/jemds/2015/938.

4 Oros MM, Fister NI. Diagnosis and treatment of back 
pain in the practice of family doctor [in Ukrainian]. J 
Fam Med. 2020;22(491):36–40. https://dx.doi.org/10.113
6%2Fbmj.332.7555.1430.

5 Amin RM, Andrade NS, Neuman BJ. Lumbar Disc Her-
niation. Curr Rev Musculoskelet Med. 2017;10(4):507–516. 
http://dx.doi.org/10.1007/s12178-017-9441-4.

6 Gugliotta M, Costa BR, Dabis E, et al. Surgical versus 
conservative treatment for lumbar disc herniation: a 
prospective cohort study. BMJ Open. 2016:e012938. 
http://dx.doi.org/10.1136/bmjopen-2016-012938. 

7 Atlas SJ, Deyo RA, Keller RB, et al. The Maine lumbar spine 
study part II: 1-year outcomes of surgical and non-surgical 
management of sciatica. Spine J. 1996;21(15):1777–1786. 
http://dx.doi.org/10.1097/00007632-199608010-00011.

8 Tymecka-Woszczerowicz A, Wrona W, Kowalski PM, 
Hermanowski T. Indirect costs of back pain – Review. Pol 
Ann Med. 2015;22(2):143–148. http://dx.doi.org/10.1016/j.
poamed.2015.07.003.

9 Ademi Z, Gloy V, Glinz D, et al. Cost-effectiveness of pri-
marily surgical versus primarily conservative treatment 
of acute and subacute radiculopathies due to interver-
tebral disc herniation from the Swiss perspective. Swiss 
Med Wkly. 2016;146:w14382. http://dx.doi.org/10.4414/
smw.2016.14382.

10 Wong J, Cote P, Sutton DA, et al. Clinical practice guide-
lines for the noninvasive management of low back pain: a 
systematic review by the Ontario Protocol for Traffic In-
jury Management (OPTIMa) Collaboration. Eur J Pain. 
2017;21(2):201–216. http://dx.doi.org/10.1002/ejp.931.

11 Hegarty D, Shorten G. Multivariate prognostic mod-
eling of persistent pain following lumbar discectomy. 
Pain Physician. 2012;15(5):421–434. 

12 Kokina MS, Filatova EG. Analysis of reasons for failed 
surgery treatment in patients with back pain [in Rus-
sian]. Neurol Neuropsy Psychosom J. 2011;3(3):30–34. 
http://dx.doi.org/10.14412/2074-2711-2011-163. 

13 Oba H, Takahashi J, Tsutsumimoto T, et al. Predictors 
of improvement in low back pain after lumbar decom-
pression surgery: prospective study of 140 patients. J Or-
thop Sci. 2017;22(4):641–646. http://dx.doi.org/10.1016/j.
jos.2017.03.011.

14 Tu Z, Li YW, Wang B, et al. Clinical outcome of full-
endoscopic interlaminar discectomy for single-level 
lumbar disc herniation: a minimum of 5-year follow-up. 
Pain Physician. 2017;20(3):425–430. 

15 Huang W, Han Z, Liu J, Yu L, Yu X. Risk factors for recurrent 
lumbar disc herniation. Medicine J (Baltimore). 2016;95(2): 
1–10. http://dx.doi.org/10.1097/MD.0000000000002378.

16 Hayes A, Tan EJ, Killedar A, et al. Socioeconomic inequalities 
in obesity: modelling future trends in Australia. BMJ Open. 
2019;9:1–8. http://dx.doi.org/10.1136/ bmjopen-2018-026525.

17 Belykh E, Krutko AV, Baykov ES, et al. Preoperative es-
timation of disc herniation recurrence after microdiscec-
tomy: predictive value of a multivariate model based on 
radiographic parameters. Spine J. 2017;17(3):390–400. 
http://dx.doi.org/10.1016/j.spinee.2016.10.011.

18 Wilson CA, Roffey DM, Chow D, et al. A systematic review 
of preoperative predictors for postoperative clinical out-
comes following lumbar discectomy. Spine J. 2016;16(11): 
1413–1422. http://dx.doi.org/10.1016/j.spinee.2016.08.003.

19 Murphy ME, Hakim JS, Kerezoudis P, et al. Micro vs. 
macrodiscectomy: does use of the microscope reduce 
complication rates? Clin Neurol Neurosurg. 2017;152: 
28–33. http://dx.doi.org/10.1016/j.clineuro.2016.11.010.

20 Tschugg A, Lener S, Hartmann S, et al. Preoperative sport 
improves the outcome of lumbar disc surgery: a prospec-
tive monocentric cohort study. Neurosurg Rev. 2017;40(4): 
597–604. http://dx.doi.org/10.1007/s10143-017-0811-6.

21 Weinstein JN, Lurie JD, Tosteson TD, et al. Surgical vs 
nonoperative treatment for lumbar disk herniation: the 
Spine Patient Outcomes. Research Trial (SPORT) ob-
servational cohort. JAMA. 2006;296:2451–2459. http://
dx.doi.org/10.1001/jama.296.20.2451.

22 Shin JS, Lee AJ, Lee AYJ, et al. Long-term course of alter-
native and investigated therapy for lumbar disc herniatons 
and risk factors for surgery. Spine J. 2016;41(6):955–963. 
http://dx.doi.org/10.1097/BRS.00000000000001494. 

23 Artus M, VanderWindt D, Jordan KP, et al. The clinical 
course of low back pain: a meta-analysis comparing out-
comes in randomised clinical trials (RCTs) and observa-
tional studies. BMC Musculoskelet Disord. 2014;15:68–75. 
http://dx.doi.org/10.1186/1471-2474-15-68.



273 Pol Ann Med. 2022;29(2):267–273

24 Ackerman WE, Ahmad M. The efficacy of lumbar epi-
dural steroid injections in patients with lumbar disc 
herniations. Int Anesth Res Soc. 2007;104(5):1217–1222. 
http://dx.doi.org/10.1213/01.ane.0000260307.16555.7f.

25 Buric J, Molino LR. Ozone chemonucleolysis in non-
contained lumbar disc herniations: a pilot study with 12 
months follow-up. Acta Neurochir Suppl. 2005;92:93–97. 
http://dx.doi.org/10.1007/3-211-27458-8_20.

26 Korhonen T, Karppinen J, Malmivaara A, et al. Efficacy 
of infliximab for disc herniation-induced sciatica: one-
year follow-up. Spine J. 2004;29(19):2115–2119. http://
dx.doi.org/10.1097/01.brs.0000141179.58778.6c.

27 Morselli A, Zuccarini F, Scarpa I, Imperiale C, Guzzo 
F. Ultrasound Guidance in Paravertebral Injections of 
Oxygen-Ozone: Treatment of Low Back Pain. J Pain 
Relief. 2015;4:220–228. http://dx.doi.org/10.4172/2187-
0846.1000220.

28 Thackeray A, Fritz J, Lurie J, et al. Nonsurgical treat-
ment choices by individuals with lumbar intervertebral 
disc herniation in the United States: associations with 
long-term outcomes. Am J Phys Med Rehab. 2016;96:1–
8. http://dx.doi.org/10.1097/PHM.0000000000000685. 

29 Ucar D, Uçar S, Çaçan MA, et al. Retrospective obser-
vational study of intramuscular oxygen-ozone therapy 
for the treatment of neck pain: cervical paravertebral 
injection. Med Gas Res. 2020;10:170–173. http://dx.doi.
org/10.4103/2045-9912.286980.

30 Yao Y, Liu H, Zhang H, et al. Risk factors for recurrent 
herniation after percutaneous endoscopic lumbar dis-
cectomy. World Neurosurg. 2017;100:1–6. http://dx.doi.
org/10.1016/j.wneu.2016.12.089.

31 Zhong M, Liu JT, Jiang H, et al. Incidence of spontane-
ous resorption of lumbar disc herniation: a meta-analy-
sis. Pain Physician. 2017;6:45–52.

32 Cohen SP, Wenzell D, Hurley RW, et al. A double-blind, pla-
cebo-controlled, dose response pilot study evaluating intra-
discal etanercept in patients with chronic discogenic low back 
pain or lumbosacral radiculopathy. Anesthes. 2007;107(1): 
99–105. http://dx.doi.org/10.1097/01.anes.0000267518.20363.0

33 Isner-Horobeti M-E, Dufour SP, Schaeffer M, et al. 
High-force versus low-force lumbar traction in acute 
lumbar sciatica due to disc herniation: a preliminary 
randomized trial. J Manip Physiol Ther. 2016;39(9): 
645–654. http://dx.doi.org/10.1016/j.jmpt.2016.09.006.

34 Freeman BJC, Ludbrook GL, Hall S, et al. Randomized, 
double-blind, placebo-controlled, trial of transforami-
nal epidural  for the treatment of symptomatic lumbar 
disc herniation. Spine J. 2013;38(23):1986–1994. http://
dx.doi.org/10.1097/01.brs.0000435140.61593.4c.

35 Magalhaes FN, Dotta L, Sasse A, et al. 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):115–129.

36 Tuakli-Wosornu YA, Terry A, Boachie-Adjei K, et al. 
Lumbar Intradiskal Platelet-Rich Plasma (PRP) Injec-
tions: A Prospective, Double-Blind, Randomized Con-
trolled Study. PM&R. 2016;8(1):1–10. http://dx.doi.
org/10.1016/j.pmrj.2015.08.010.

37 Kim J, Hur JW, Lee JB, Park JY. Surgery versus nerve 
blocks for lumbar disc herniation: quantitative analy-
sis of radiological factors as a predictor for successful 
outcomes. J Korean Neurosurg Soc. 2016;59(5):478–484. 
http://dx.doi.org/10.3340/jkns.2016.59.5.478.

38 Altun I, Yuksel KZ. Lumbar herniated disc: spontane-
ous regression. Korean J Pain. 2017;30(1):44–50. http://
dx.doi.org/10.3344/kjp.2017.30.1.44. 

39 Basso M, Cavagnaro L, Zanirato A, et al. What is the clin-
ical evidence on regenerative medicine in intervertebral 
disc degeneration? Musculoskelet Surg. 2017;101(2):93–
104. http://dx.doi.org/10.1007/s12306-017-0462-3.

40 Bhatia R, Chopra G. Efficacy of Platelet Rich Plasma via 
Lumbar Epidural Route in Chronic Prolapsed Intervertebral 
Disc Patients-A Pilot Study. J Clin Diagn Res. 2016;10(9): 
5–10. http://dx.doi.org/10.7860/JCDR/2016/21863.8482. 

41 DiMauro R, Cantarella G, Bernandini R, et al. The Bio-
chemical and Pharmacological Properties of Ozone: The 
Smell of Protection in Acute and Chronic Diseases. Int 
J Mol Sci. 2019;20(3):634–638. http://dx.doi.org/10.3390/
ijms20030634.

42 Rowen RJ, Robins H. Ozone Therapy for Complex Re-
gional Pain Syndrome: Review and Case Report. Curr 
Pain and Headache Rep. 2019;23:41–49. http://dx.doi.
org/10.1007/s11916-019-0776-y.

43 Borrelli E, Alexandre A, Iliakis E, et al. Disc Herniation 
and Knee Arthritis as Chronic Oxidative Stress Diseas-
es: The Therapeutic Role of Oxygen Ozone Therapy. Ar-
thritis. 2015;4:161–168. http://dx.doi.org/10.4172/2167-
7921.1000161.

44 Re L, Malcangi G, Martinez-Sanchez G. Medical ozone 
is now ready for a scientific challenge: current status and 
future perspective. J of Exp and Int Med. 2012;2(3):193–
196. http://dx.doi.org/10.5455/jeim.070612.ir.012.

45 Alyan S, Zaghol R, Mustafa SA. Ozone Therapy for 
Complex Regional Pain Syndrome: Review and Case 
Report. Eg Rheum Rehab. 2018;45(3):106–111. http://
dx.doi.org/10.4103/err.err_43_17.

46 Plopper CG, Duan X, Buckpitt AR, et al. Dose depend-
ent tolerance to ozone. Site-specific elevation in antioxi-
dant enzymes in the lung of rats exposed for 90 days or 
20 months. Toxicol Appl Pharmacol J. 2004;127:124–131. 
http://dx.doi.org/10.1006/taap.1994.1146.

47 Migliorini F, Maffulli N, Eschweiler J, et al. Ozone injection 
therapy for intervertebral disc herniation. British Med Bull. 
2020;136(1):88–106. http://dx.doi.org/10.1093/bmb/ldaa032.

48 Seyam O, Smith NL, Reid I, et al. Clinical utility of 
ozone therapy for musculoskeletal disorders. Med Gas 
Res. 2018;8(3):103–110. http://dx.doi.org/10.4103/2045-
9912.241075.


