
© 2023 Medical Gas Research | Published by Wolters Kluwer - Medknow 1

REVIEW

INTRODUCTION
Pain associated with the back and lower region of the body is 
commonly attended to amongst a majority of the population, 
about 80%. Pain amongst the body as a result of a lumbar 
disc herniation directly negatively affects the quality of life 
and longevity of the patient. Discogenic pain as a result of 
intervertebral disc (IVD) degeneration (IDD) is a major cause 
of disability in the United States. It was reported that higher 
than half of the population older than 50 years old suffer from 
periods of back pain.1 Most commonly, the L5–S1 nerve roots 
level is the source of the pain. The L5–S1, also known as the 
lumbosacral joint is a term used to characterize the part of 
the spine that is composed of the last bone in the lower back, 
known as the L5 and the bone directly beneath the spine, the 
sacrum. L5–S1 is the exact location where the lumbar spine 
ends and the sacral spine begins. The lumbosacral joint con-
nects these two bones.2

Ozone therapy works to decrease the pain within the lumbo-
sacral joint by dehydration. Surgical treatment of discectomy 
is a viable option, in which the degenerated disc is removed 
succeeded by the fusion of the adjacent vertebrae. Although 
this approach manages pain, it severely decreased spinal mo-
bility, which becomes an issue for patients who depend upon 
treatment of multiple disc levels.3

SEARCH STRATEGY
An extensive literature search was performed on Medline us-
ing the search queries “ozone therapy,” “hyperbaric oxygen 
therapy,” and “disc disease.” Although there was no date 
restriction on the search, we placed an emphasis on the past 
5 years. No specific exclusion criteria were set. Publication 

quality was assessed using the relative citation ratio derived 
from iCite bibliometrics. We selected papers that revealed 
information regarding ozone therapy and hyperbaric oxygen 
therapy and its use in the clinic.

BACKGROUND OF HYPERBARIC OXYGEN AND OZONE
Hyperbaric oxygen therapy (HBOT) allows for increased 
oxygen flow to tissues in our body. It promotes wound healing 
and minimizes typical recovery times.4 HBOT is defined as the 
allocation of oxygen at pressures greater than 1.4 atm. These al-
locations are performed in a series of treatments.5 With HBOT, 
the patient is directed to stand inside a hyperbaric chamber. It is 
used for wound care in patients within conventional and dental 
medicine.6 HBOT operates by manipulation of physiological 
principles of gases under pressure. There is a direct, linear 
relationship between the concentration of oxygen in dissolved 
liquid and the diffusion gradient. An increase in oxygen con-
centration dissolved in solution allows for a rise in the diffusion 
gradient for tissue delivery. According to Henry’s Gas Law, 
the concentration of gas dissolved in liquid is proportional to 
the partial pressure of that gas above the liquid at constant 
temperatures.7 Upon conclusion of treatment, oxygen tension 
decreases, allowing for the accumulation of neutrophils. These 
neutrophils are a subset of white blood cells and act quickly in 
fighting infection and regrowing tissue.8 Conclusively, HBOT 
may alter tissue response to diseases and injuries, and may even 
prevent amputation or death.9 HBOT is commonly used at a 
compression rate of 0.067 atmospheres absolute per minute. 
However, a study concluded that pressure equalization could 
lead to middle ear, teeth, and cranial sinus pain. It is recom-
mended that patients who suffer from peripheral circulatory 
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disorders should be treated with special care.10

The use of ozone as an advocate for healing has been 
broadly studied for decades. Ozone was initially identified as 
a gas containing three relatively unstable oxygen molecules 
in a mesmeric state, a conjugated system. The gas is colorless 
and stable, whereas the solid and liquid form is very explo-
sive. Ozone has a half-life of 40 minutes and 140 minutes at 
temperatures of 20oC and 0oC, respectively. To date, ozone is 
known to treat many diseases. The most prominent function 
of ozone is to protect humans from ultraviolet radiation and its 
potentially harmful effects. Medical grade oxygen has various 
health benefits: reduced dental caries, decreases blood pressure 
and cholesterol, modifies oxygenation in resting the muscle, 
and stimulation of antioxidative responses.11 

MECHANISM OF OZONE THERAPY 
The mechanism of ozone therapy requires the inactivation of 
bacteria, fungi, viruses, yeast, and protozoa. Through oxidation 
of the phospholipids and lipoproteins, ozone therapy deranges 
the integrity of the bacterial cell envelope. However, in viruses, 
ozone works to damage the viral capsid and disrupts the re-
productive cycle by punctuating the virus-to-cell contact with 
peroxidation, the oxidative degradation of lipids.12 In this case, 
free radicals thieve electrons from the lipids in cell membranes, 
thus damaging the cell. This mechanism is broken into two 
steps: Initiation and propagation. This process provides a weak 
coating on the cells which aids the attack by virus invasion 
as they are not susceptible to oxidation and elimination from 
the body, where healthy cells are brought in to replace them.13

Ozone therapy was concluded to aid in the red blood cell 
glycolysis rate. As a result, there is a significant stimulation 
of the 2,3-diphosphoglycerate thus increasing the amount of 
oxygen released to the tissues. Through the enhancement of 
oxidative carboxylation of pyruvate, resulting in a stimulation 
of ATP, ozone activates the citric acid cycle. Ozone aids in oxi-
dizing cytochrome C, thus resulting in a significant reduction in 
nicotinamide adenine dinucleotide. There is an increase in the 
number of enzymes which scavenge free radicals and protect 
cell walls. Some examples include glutathione, peroxidase, 
catalase, and superoxide dismutase. Production of prostacyclin, 
a vasodilator, is also prompted by ozone.14

The production of lipid ozonation products via the inhala-
tion of oxygen occurs when the polyunsaturated fatty acids, 
found in the lipids of the alveolar lining layer. There is also 
the potential for ozone to react with unsaturated fatty acids 
to manufacture Criegee ozonide in the nonattendance of the 
production of lipid ozonation products via the inhalation of 
oxygen occurs when the polyunsaturated fatty acids, found in 
the lipids of the alveolar lining layer. There is also the potential 
for ozone to react with unsaturated fatty acids to manufacture 
Criegee ozonide in the nonattendance of H2O. Although, when 
H2O is available, the body will produce and release aldehydes 
and hydrogen peroxide (H2O2). The main reaction with ozone 
will be the formation of aldehydes and hydrogen peroxide 
as the pulmonary system has H2O readily available. The net 
reaction is as follows15:

H2O2 + Fe2+ → OH + OH– + Fe3+ 

APPLICATION OF OZONE
Medical ozone is administered as a combination of ozone and 
oxygen through the mechanism of silent electron discharge. 
It is most common within a concentration range of 0.05% 
ozone to maximum 5.0% ozone. In doing so, the combination 
of medical ozone and oxygen is orchestrated with the avoid-
ance of the exposure of the respiratory tract, to minimize the 
potential toxic effects on the pulmonary epithelium.16

Silent electron discharge 
Silent electron discharge occurs in the air at a very high 
voltage and consumes a relatively large amount of energy 
in doing so. Ozone is produced in high density by passing 
dry air between two concentric-tube or plate electrodes con-
nected to an alternating high voltage known as silent electron 
discharge method.17 The reaction is initiated by sparkles or 
silent electric discharge, to produce less heat in prevention of 
ozone decomposition into oxygen. Hence, ozone is prepared 
in an apparatus known as an ozonizer for facilitation of these 
existing conditions.18

Classifying intervertebral disc changes
According to the collective endeavor of the North American 
Spine Society, American Society of Spine Radiology, and 
American Society of Neuroradiology, changes associated with 
the IVD can be classified as either herniation or degenera-
tion. Degeneration can be categorized into many subgroups 
– bulging of the annulus, complications in the endplate (EP), 
fissuring, fibrosis, narrowing of the disc height, and more. 
A herniation is a displacement of IVD material. Herniation 
encompasses all components of the IVD. The EP of the ver-
tebral bodies defines the IVD space, while the outer portion 
of the vertebra ring apophyses define the peripheral region.19 
Herniations are arranged according to two groups: broad-based 
and circumferential.19

Intervertebral disc degeneration 
IDD is known to be a prominent cause of back pain. IVD is 
made of fibrocartilaginous connective tissue located between 
two adjoined vertebrae. IVD contains three components: the 
nucleus pulposus (NP), the anulus fibrosus (AF) which sur-
rounds the NP, and two cartilage EPs. These EPs provide an 
interface between the vertebrae and the disc by cranially cover-
ing both the NP and AF at the same time. The main function 
of IVD is to provide limited flexibility to the lower half of 
the body, protect the spinal nerve and spinal cord, and ensure 
mechanical stability during axial motion and compression.20

IDD occurs naturally as aging progresses.21 Various experi-
mental risk factors can contribute to the effect of IDD that is 
experienced: an unhealthy lifestyle, a poor diet, lack of exer-
cise, smoking, mechanical and occupational exposures, and 
heavy lifting. The initial response can be verified as necessary 
inflammation of the tissues in the disc, the gradation of the 
NP and AF, and the decreased viability of the resident cells. 
As a result, the IVD can be classified as aberrant innervation 
through the prolapse or herniation of the NP outside a fissured 
AF, or the complete demolition of the NP inside the AF.22 
The tissues become inflamed in the peridiscal space and the 
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degenerating IVD upon IDD. Studies on disc samples with 
varying degrees of degeneration have been performed to 
analyze the expression or secretion in the tissue once placed 
into the culture medium of pro-inflammatory factors during 
IDD.23 As a result, it was proved that healthy and degener-
ated tissues contain increased inflammatory cytokines and 
chemokines produced by IVD cells as well as circulating 
immune cells. Activated immunocytes include macrophages, 
T and B cells, and natural killer cells.24 These are activated 
as a result of the expression of chemokines by IVD cells, and 
are prolonged by the miniscule structural integrity of the disc 
extracellular matrix located in the outer AF. Inside the disc 
tissues, the inflammation is enhanced when the inflammatory 
mediator producing immune cells in the IVD lacks a resident 
cell population in physiological conditions.25 The inception 
of the inflammatory conditions inside the degenerating IVD 
initiates pathogenic responses such as cell apoptosis, matrix 
destruction, and nerve and vascular ingrowth. Studies show 
that the following events activate a massive degeneration and 
could potentially cause pain.26

COMPOSITION OF NORMAL INTERVERTEBRAL DISCS
The IVD is composed of cartilaginous vertebral EPs, AF, and 
NP.27 Regarding the whole disc, the EPs are located in the 
superior and inferior parts of the drive. The AF is composed 
of the inner and outer layer which contain different anatomies. 
The structure of the outer annulus is collagenous concentric 
lamellae. This is organized into cells that produce type I col-
lagen. The inner annulus is fibrocartilaginous, composed of 
type I and type II collagen. The AF experiences strain when 
a tensile force deforms the relative length of the specimen. 
The NP lies within the AF. Healthy NP is gelatinous in na-
ture and mostly composed of proteoglycans. Proteoglycans 
have a protein containing keratin and chondroitin sulfate. 
These proteins are hydrophilic and allow for counterac-
tion of compressive loading of the spine. This is a result 
of the hydrostatic properties governing the NP.28 Although 
the NP is highly cellular, it lacks proteoglycans during the 
early stages. Eventually, extracellular proteoglycans become 
abundant with minute cells. Many NP cells are large vacu-
olated cells in infancy and may be of notochordal origin. The 
proportion of these cells is diminished dramatically with the 
associated increase in the chondrocyte-like cell in adult NP 
tissue. Notochordal cells play a pivotal role in stimulating 
the synthesis of glycosaminoglycans and proteoglycans by 
NP cells. These cells may also serve as precursor cells to 
preserve and control the number of NP cells.29 The loss of 
notochordal cells has intense effects concerning the overall 
disc quality as a result of these anabolic effects.30 A herni-
ated disc is the condition in which the AF, the outer portion, 
of the IVD is torn, thus enabling the NP, the inner portion, 
to herniate or extrude through the fibers.31 Adequate studies 
show 29% of the adult population in the United States is 
affected by pain resulting from disc herniation.32 Structural 
impairments such as fissures and cracks within the AF could 
potentially allow the NP material to prolapse and the disc to 
herniate, thus leading to constriction of root ganglion nerves 
and bring upon the severity of pain.33

A discectomy is a surgery to remove lumbar herniated disc 
material that is pressing on a nerve root or the spinal cord. 
Often, a microdiscectomy is performed, in which a special 
microscope is used to view the disc and nerves. Discectomy 
tends to result in reduced tissue invasiveness, limited blood 
loss, a shorter duration of surgery and a faster postoperative 
recovery in comparison to other procedures done to treat lum-
bar disc herniation.34 The foraminal cervical disc herniation 
is better approached from the opposite side. For a midline 
herniation, the best approach is from the right side by a right-
handed surgeon and the left side by a left-handed surgeon.35

WHY DO DISCS HERNIATE? 
A lack of homeostatic balance within a catabolic metabolic 
profile directly leads to IDD.36-38 Long term accumulative 
stress can lead to progressive degenerative changes, also 
referred to as disc herniation. Disc herniation can also bear 
from a sudden injury or trauma. Sudden jerking movement 
of the body can put too much pressure on the disc, causing it 
to herniate. Under these circumstances, the development and 
activation of IDD lead to changes in the cell; thus long term 
weakening the disc structure. The AF undergoes myxomatous 
degeneration and cyst formation. The myxomatous is dam-
aged due to non-inflammatory mechanisms.39 The damaging 
of the myxomatous and cyst formation effectuates the swell-
ing of the AF fibers, indirectly causing disorganization and 
disruption of fiber bundles.40,41

The NP will bear changes of dehydration, fibrosis, and ne-
crosis. The NP is exposed to potential herniation proceeding 
exorbitant pressure and loading. The NP herniation results in 
annual tears, as a result of the weakened AF, fissures in the 
vertebral EPs, or the severance of the vertebral EP junction.29

EFFECT OF AGING ON DISC DEGENERATION
In brief, IDD corresponds to biochemical changes within the 
body followed by macroscopic alterations, tears, and fissures. 
An IVD is a stable ligament that connects one vertebral bone 
to the next. IVDs have evolved to contain a durable outer ring 
of fibers, commonly referred to the AF, which connects each 
vertebra. The predominance of the AF makes it so susceptible 
to tears and strain. A majority of damages resulting from the 
natural aging process, as the neck and back bear preponder-
ance of the human body weight.42

STAGES OF DISC DEGENERATION
There are four stages of disc degeneration: (1) disc protrusion, 
(2) prolapsed disc, (3) disc extrusion, and (4) sequestered 
disc. Stages 1 and 2 are commonly considered incomplete, 
whereas stages 3 and 4 are complete herniations.43

Degenerative disc disease stage 1
The initial manifestation of disc degeneration is that the spine 
loses its traditional balance. The joints and nerves become 
stressed and begin to age more rapidly. It has been reported 
that in some cases there is a lack of overall energy and even a 
potential loss of height. It is also common for there to be very 
little pain or discomfort at the stage in the herniation process.44



Re et al. / Med Gas Res

Medical Gas Research ¦  March  ¦ Volume 13 ¦ Issue 14

www.medgasres.com

Degenerative disc disease stage 2
As the condition retrogrades, there is a higher degree of disc 
decay, as the discs begin to narrow and bone spurs become 
more readily available. At this point, the changes in posture 
appear to be more evident as the spinal canal begins to close. 
There is an increase in the level of pain and discomfort and 
height can continue to decrease. 

Degenerative disc disease stage 3
At this point, the posture is substantially altered. The thinning 
of the discs worsen, thus potentially leading to severe nerve 
damage and formation of scar tissue across the area. These 
complications can harm the patients physical and mental 
condition, as there is a profound loss of energy.45

Degenerative disc disease stage 4
Stage 4 is classified with severe damage to the spine. Discal 
thinning is at the maximum potential or could be completely 
nonexistent. The postural imbalance is acute, and motion and 
flexibility are minimal. Patients are likely to suffer from pro-
found nerve damage, while the bones begin to fuse as a result 
of the formation of permanent scar tissue. The level of pain 
is highly increased, thus leading to progressive physical and 
mental deterioration. Stage 4 is irreversible despite the level 
of treatment applied.46

COMPLICATIONS OF OZONE USE
Due to ozone’s unstable nature, it is challenging to produce 
and store long term. This is a significant limitation to its 
extensive use. The production of ozone is quite simplified. 
Ozone is produced naturally when sunlight meets the oxygen 
in the air. However, various chemicals work to dismantle the 
compound, such as chlorofluorocarbons. When chlorofluo-
rocarbons reach the upper atmosphere, they are exposed to 
ultraviolet rays which cause them to deplete into substances, 
for example, chlorine. The chlorine reacts with oxygen atoms 
in the ozone and rips apart the ozone molecule. One molecule 
of chlorine has the potential to destroy more than one hun-
dred thousand ozone molecules.47 Therefore, it is impractical 
to manufacture large quantities of ozone and store it. If the 
production of ozone is necessary, as it is here, it is common 
to install generators and produce the ozone as needed. By 
doing so, it incorporates the mechanism of injecting oxygen 
in air form or pure oxygen form, and subjecting it to a high 
voltage electric discharge. Thus the spark creates ultraviolet 
light that detaches the oxygen molecule O2, into two oxygen 
ions. As a result, the two oxygen molecules will react with 
another one to make ozone.48

IMPACT OF HYPERBARIC OXYGEN THERAPY
Anti-inflammatory effects of hyperbaric oxygen therapy in 
animals
The initial response the human body has to infection, injury, or 
irritation is inflammation. This is provoked through the regula-
tion of various inflammatory cytokines, known to be nitrous 
oxide, interleukins, non-cytokine mediator, prostaglandin E2, 
and more.49 Inflammatory mediators recruit leukocytes to the 
inflammation site and activate blood vessels. Blood inflow is 

manifested by redness and swelling. Compression of nerve 
endings elicits pain. The latter combined with altered mechani-
cal properties or organs may disturb their function. Swelling 
results in impaired oxygen tissue supply and glycolytic shift 
with lowered pH. Local tissue acidification is also related 
to pain.50 HBOT has the potential to decrease the inflamma-
tory response proceeding injury, such as a disc herniation, 
proved by an adequate amount of studies. The measurement 
of decreased paw edema following injury is indicative of this 
statement, as per the study conducted by Sutherland et al.51

TREATMENT OF DISC DISEASE
Medical management
Medical treatment for IDD varies depending upon the severity 
and the health condition the patient is currently in. Treatment 
may include occupational and/or physical therapy, medica-
tions, and losing weight. Most commonly doctors alleviate 
the pain by injecting the joints with steroids and an anesthetic, 
known as facet joint injections. Lumbar facet joints are paired 
synovial joints between the fifth lumbar vertebra and the sa-
crum. Facet joint pain is defined as pain that arises from any 
structure that is part of the facet joints. This pain is typically 
treated with the injections discussed above, despite the concern 
that they are not standardized.52

Facet rhizotomy is another option, where a radiofrequency 
current deadens the nerves around the facet joint. The purpose 
of a facet rhizotomy injection is to provide pain relief by dis-
abling the sensory nerve. In this procedure, a needle with a 
probe is inserted outside of the joint. The examination is then 
heated with radio waves and applied to the sensory nerve to 
the joint to disable the nerve. The theory is that by deactivating 
the sensory nerve, a facet rhizotomy prevents the pain signals 
from reaching the brain. Adequate studies prove that a facet 
rhizotomy injection is successful in providing pain relief for 
roughly half of all patients.53

Surgical management
The two main surgical procedures for lumbar IDD are lumbar 
fusion: traditional standard surgical treatment and lumbar 
disk arthroplasty, or lumbar total disk replacement. The goal 
of lumbar fusion is to relieve pain by creating a sturdy inter-
body union.54

Lumbar interbody fusion is a surgery used to correct small 
bones in the vertebrae. The basic idea is to fuse two or more 
vertebrae. The purpose of this is to restore stability to the 
spine by eliminating painful motion.55 Degenerative changes 
within a lumbar spine motion are best depicted by the presence 
of tears or fissures in the AF, disc space desiccation and col-
lapse, and the formation of radial osteophytes.56 The following 
morphological changes within the spinal motion segment will 
inevitably lead to the inability of the IVD to handle normal 
stresses, thus causing pain.57 Fusion of the degenerative and 
unstable spinal motion segment can give notable relief.

Other solutions 
A study done by Magalheas et al.58 concludes that there is a 
direct positive relationship between ozone therapy and the 
treatment of chronic low back pain. The group of scientists 
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found this theory by injecting ozone into the disc and the 
periforaminal within the posterior lateral hypothalamus and 
or at the paravertebral muscles located along the dorsal spine. 
74% of 86 patients with disc disease reported having complete 
remission of pain preceding the treatment stated above.58

A study was done with steroids to compare the results: 
Among 306 patients, Bonetti et al.59 noted that 58% contain-
ing disc disease treated with steroids depicted positive results. 
This experiment also concluded that 63% of 70 patients that 
did not undergo disc disease at this particular time showed 
positive results after steroid infiltration.59

Overall, Gallucci et al.60 concluded that there was the highest 
success rate with ozone therapy combined with intraforami-
nal and intradiscal steroid and anesthetic injection compared 
to steroid or ozone therapy alone, as expected. A study was 
done by Gallucci et al.60 with the intention of understanding 
the effectiveness of intraforaminal and intradiscal injections 
containing a mixture of a steroid, a local anesthetic, and 
oxygen-ozone, also known as chemodiscolysis in comparison 
to intraforaminal and intradiscal injections of a steroid and a 
local anesthetic regarding their ability to manage pain related 
to acute lumbar disc herniation. After running this experiment 
for six months, they concluded that the treatment containing 
ozone therapy in conjunction to the local anesthetics and ste-
roids had a 74% success rate whereas the treatment indepen-
dent of ozone therapy had a minor success rate of 47%. The 
results obtained indicate a significant difference (P < 0.01).60

Zambello et al.61 conducted an experiment with 351 pa-
tients that suffered with lower back pain with the intention 
of preventing the discredit of patients who fail to respond to 
treatment after a 4 week period of time by treating all patients 
with either ozone therapy or epidural steroid injection and suc-
cessfully crossed over during the follow up to those who did 
not respond as expected to the initial treatment. The overall 
results concluded to be notable within 47.3% of 171 patients 
treated exclusively with epidural steroids and within 77.1% of 
180 patients treated with oxygen-ozone therapy. 11/351 total 
patients who were initially treated with ozone therapy were 
subjected to crossover with epidural steroids whereas 38/351 
patients initially treated with epidural steroid injections were 
submitted to crossover and received ozone therapy treatment. 
As a result, only 36.4% of patients who underwent a second-
ary injection displayed notable alleviation of pain whereas 
70.8% of patients who underwent secondary oxygen therapy 
reported complete reduction. Based off of these results, it 
can be determined that ozone therapy is more successful in 
targeting lower back pain within four weeks in comparison 
to epidural injection.61

IMPACT OF OZONE ON DISC DISEASE
Degenerative disc disease is best known as the condition which 
a damaged vertebral disc causes chronic pain in various parts 
of the body, such as the lower back, legs, within the lumbar 
spine, neck, arm and or the cervical spine. This condition 
is irreversible and progressive, as it begins to worsen and 
symptoms increase with aging.62 With aging, the strength, 
flexibility, and health of the spine’s IVDs are significantly 
altered. Balance, stability, and equilibrium are imperative for 

a healthy drive. When equilibrium is deranged, a variety of 
catabolic events on a molecular level are disrupted, leading to 
the increase in production of cytokines, increased production 
of enzymes, and a loss of matrix proteins.63 Ozone works by 
reacting with the polyunsaturated fatty acids; thus, catalyz-
ing oxidative mediators. H2O2 is produced as a result of this 
method of action. Thus, the nuclear factor erythroid 2-related 
factor 2 pathways were initiated and catalyzed as indicated by 
the translocation within the nucleus as it increases the heme 
oxygenase-1 gene expression.64

CONCLUSION
IVD occurs when the AF pushes out through a tear in the 
more robust exterior within the spine, manifestation as herni-
ated disc. Ozone therapy and HBOT are both increasingly 
popular methods to target the inflammation arising from the 
pathologic disc process. The goal is to minimize symptoms 
such as low back pain.
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