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Abstract 

Chronic low back pain is a disease that most often affects people
between 45 and 64 years. The incidence of low back pain goes from
60 to 90% and the annual incidence is 5%. Often low back pain is
accompanied or replaced by an irradiated lower limb pain, configur-
ing the symptomatology of lumboradiculalgia, whose most frequent
cause is the disco-radicular conflict. The cause of the onset of pain,
even excruciating, in cases of radicular compression of disc origin is
not yet clear. Low back pain of disc origin is thought to be caused by
direct mechanical compression factors; by indirect mechanical fac-
tors ischemia or venous stasis of vasa nervorum; and by type of
immune-mediated inflammatory factors (reaction hernia) and/or
biochemical evidence related to the disc type (the presence of sub-
stances which induce the inflammatory reaction). When a patient is
suffering by chronic low back pain, apart from the algic problem, a
series of changes in posture will occur, which contribute to worsen
low back pain itself. The effects of a polluted posture and, therefore,
the muscle retraction manifest in the joints in the form of compres-
sion, axial rotation and translation, resulting in modifications of the
skeletal morphology (scoliotic attitudes, hyperkyphosis, valgus and
varus of the knee, etc.) and possibly evolving into important postural

disorders. Currently, the treatment of chronic low back pain and pos-
tural secondary disorders is still an open problem. The aim of this
preliminary study is: i) to highlight the high incidence of low back
pain by providing evidence that there is an anatomical substrate to
low back pain originating in the disc; ii) and to assess the effects of
the use of oxygen-ozone percutaneous paravertebral intramuscular
therapy in synergy with a functional rehabilitation program in a
group of patients suffering from chronic low back pain. From the data
obtained, the combination of percutaneous paravertebral intramus-
cular oxygen-ozone therapy with functional rehabilitation is con-
firmed as an effective and safe method, whose favorable results are
evident at the level of lumbar pain symptoms, postural secondary
abnormalities, disability in activities of daily living, the mood and
tone of the psychological state.

Introduction

Vertebral pain has a great incidence and its social and economical
impact is extremely high. It represents the most common muscu-
loskeletal disease among the adult population as it represents more
than the 50% of all musculoskeletal diseases.
Several studies suggest that the 80% of the population will suffer

from variable degree low back pain within one year, and the 30% of
them will be treated for this kind of illness.
Sometimes vertebral low back pain syndrome, which can leads to

irritative symptoms of nerve roots, is used to recur after an acute
episode, becoming a chronic or subacute syndrome with serious dis-
abilities on the job and everyday life.
Indeed, chronic low back pain represents the most common cause

of limitation of population activities ranging from 45 to 65 years old.
Spine pain originating in the disc is thought to be due to different

compression direct mechanical factors; indirect ischemia mechani-
cal factors or Vasa nevrorum venous stasis; immune-mediated
inflammatory factors (reaction to hernia); and/or biohumoral inflam-
matory factors associated with the disc (substancies that induce the
inflammatory reaction).
When a patient suffers from chronic low back pain a serious of pos-

ture modifications occur and they worsen lower back pain. Generally,
besides the biomechanical factors, a huge amount of psychological and
social problems contributes to worsen the pain.
The aim of this preliminary study is to highlight: i) high low back

pain incidence proving the existence of a subatomic substrate of the
pain originating in the disc; ii) valuing the effect of the percutaneous,
paravertebral, intramuscular oxygen-ozone treatment combined with a
functional rehabilitation program in a group of patients affected by
chronic low back pain.
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Materials and Methods

In this regard a two arm observational study was conducted in an out-
patient setting. A cohort of 84 people suffering from chronic low back
pain and symptoms related to deep posture alterations was chosen.
We randomly subdivided subjects into two groups by age and clinical

features (Table 1): the first, group A, made of 41 patients, was treated
with O2-O3 treatment and they underwent a specific rehabilitation pro-
gram for a period of 8 consecutive weeks (4 sessions/week), while the
second, group B, made of 43 patients underwent only O2-O3 treatment.
The therapeutic table expected: 12 sessions of low back intramuscu-

lar paravertebral oxygen-ozone treatment, with a two week iteration for
the first 8 sessions, one week iterations for the other 4 sessions. We
used 22G needles (for well-built subjects), 23G (for feminine and thin
subjects); we injected 10 cc of oxygen-ozone on each side, at the con-
centration of 20-25 �g-mL, following the rules given by the Scientific
Society: infiltrate 2 cm. From the spinous apophisys near the interested
space, double aspiration, light massage, supine position for at least 10
minutes after the infiltration.1

The rehabilitation process is organized according to an initial ques-
tionnaire (outcome measurement), muscular resistance measurement,
range of motion (ROM), posture tests, medical history of the patient.
The rehabilitation program consisted in stretching exercises, range

of motion, and muscle strengthening, in addition we have been pro-
posed proprioceptive and coordination exercises and muscle resist-
ance. The treatment includes controlled movements in lateral
lumbar/dorsal and/or cervical flexion, and movements in flexion, exten-
sion and rotation. Every session is preceded by aerobic warming up of
about 10 min. A series of myofascial relaxing and stretching exercises
have been proposed after every therapeutic exercise session.2-4

The rehabilitation begins with low loads for the first weeks, in order
to improve the range of motion and to teach a correct coordination and
spine control. Loads are gradually intensified according to the gradual-
ness principle until when, by the end of program, patients are instruct-
ed on how to continue a secondary individual prevention program
(once or twice per week).
This posture-education program ended up with the total mobility

restoration and the correct spine posture, in addition to the torso muscle
balance. A key factor to chronic lumbar pain management is to instruct
the patient and making him aware of his pathology, in order to promote
self-management of the therapy and the correction of wrong habits.
Patients chosen for the treatment underwent the enrollment act

(t0), 4 weeks (t1), 8 weeks (t2), 6 months (t3), physiatric assessment
and administration of the following ratios as outcome measurements:
visual analogue scale (VAS), SF-36, Oswestry Low Back Pain Disability
Questionnaire and Roland Morris Disability Questionnaire. Roland
Morris Disability Questionnaire is a specific disability scale for each
pathology that assesses functional status for patients suffering from
spine or lower limb pain: score range from 0 to 23. Meanwhile, pain
intensity is assessed with a VAS in which 0 represents no pain and 10
represents the most intense pain ever.

SF-36 is a generic questionnaire about health status that consists of
36 items about physical and social conditions subdivided into 8 quality
domains. Score, that range from 0 to 100, indicates less serious symp-
toms for progressively growing values.
Oswestry Low Back Pain Disability Questionnaire and Roland Morris

Disability Questionnaire are extremely important documents that
assess functional disability and limitations in everyday life in patients
affected by low back pain.
One of the major problems for affected patients is the considerable

reduction in the torso and pelvis ROM, in addition to flexion and exten-
sion movements limitation in the coxofemural articulation. For this
reason have been considered: i) lumbosacral spine ROM assessment;
ii) patient satisfaction degree about the efficacy of the treatment was
expressed through judgment.
A set of quick use tests, with a certain scientific trust, have been

used for posture assessments (Fukuda Test, Forward Bending Test,
Breech Convergence Maneuver).
The analysis of the results (before and after the treatment), was con-

ducted intragroup by Wilcoxon Test and intergroup with Mann-Whitney
Test (Statistical significance P<0.05).
Oxygen ozone is generated by MEDICAL 99IR with photometric sys-

tem manufactured by Multiossigen.

Results

Both groups patients have observed statistically significant results,
group A, in particular, treated with O2-O3 in addition to therapeutic
exercise reported a greater significance for all scales of values with a
P<0.005 significance, in 75% of patients. However, the group who
underwent only O2-O3 treatment showed important results too, with
P<0.05 significance although it still remains statistically below group A
according to the total score of valuation scales SF-36, Oswestry, Roland
and Morris (Figures 1-3).
The parameters obtained from the statistical analysis showed a

greater reduction in pain symptoms, disability and quality of life and a
better resolution of secondary posture damage in subjects who received
a specific rehabilitative treatment rather than the group who under-
went only O2-O3 treatment.
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Table 1. Characteristics of the patients who underwent the O2-O3

treatment.

Patients’ characteristics        Group A(N=41)       Group B(N=43)

Age (years)                                                49.82±10.23                       45.88±9.24
Sex                                                                                                                     
Females (n)                                                     25                                        28
Males (n)                                                         16                                        15
Duration of symptoms(weeks)                     28                                        25

Figure 1. Group A showed a very early reduction in pain: as early
as T1 pain has dropped in the 40% of patients (P<0.05); the
decrease continued regularly in all the subsequent controls
(P<0.005). Compared to base time at 6 months (T3>T0) the pain
score fell in the 75% of the patients. Also control group B showed
a clear improvement. When compared, group A had better results
than group B in all follow-ups with P<0.05.
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Discussion

Chronic low back pain is the most common cause of long term disabil-
ity that affects mid adult subjects (from 45 to 64). The incidence of low
back pain ranges from 60 to 90%, while the annual incidence is about 5%.
Its prevalence varies depending on the age. Indeed, it is low (4-18%)
between 20 and 24 years old, it is high (8-32%) between 55 and 64.5,6

In USA 5.2 millions of inhabitants have a disability that is secondary
to chronic low back pain. It is permanent for half of them.
The economical impact coming from this kind of pathology is

extremely important, indeed, spine diseases occupy the fifth place,
among all the pathologies, regarding health care costs and the first
regarding absenteeism in the workplace.
Among spine pains, low back pain is a common symptom and it can

cause pain that radiates to lower limbs (lumbar radiculopathy-sciatica,
lumbar cruralgia).7

It is a very complex disease because it can be caused by different
anatomic structures: i) posterior longitudinal ligament; ii) anterior
longitudinal ligament; iii) interspinous ligaments; iv) supraspinous
ligaments; v) yellow ligament; vi) joint capsule; vii) epyphiseale plate;
viii) annulus fibrosus; ix) nucleus polposus.
The majority of those tissues that surround the vertebral disc have

nociceptive nerve endings, thus, they are source of pain. Intervertebral
discs are innerved only at the periphery. Free nociceptive endings are
located in the surface layer (laminae) of the annulus fibrosus until 1-2
cm depth. The two sinu-vertebral nerves provide two branches to 2
discs near. Other fibers, possibly amyelinic, participate in the innerva-
tions of the anterior portion of the disc.
The nucleus polposus is the only structure not having a sensory

innervation.
Spine innervation is metameric and it is due to 2 segmental nerves,

Luschka sinu-vertebral nerve and the dorsal root of the spinal nerve.
Luschka sinu-vertebral nerve is distributed to the annulus, intraspinal
fibrousus formations, sinus venous and the dura mater. The dorsal root
is distributed to the outer periosterum, zigoapofisary joints and to the
posterior ligaments of the spine; it is much smaller than the anterior
root that participate in the formation of the lumbar plexus.8,9

With regard to the vertebral canal and its content, the majority of dis-
agreements about the presence and the nature of sensory receptors are
due to different staining methods, indeed, gold chloride staining method
appears more specific than methylene blue one. We can find 3 kinds of
nerve endings: free nerve endings, which are triggered by painful stim-
uli; Pacinian corpuscles and Ruffini’s corpuscles, which are encapsulated
mechanoreceptors, and they respond to proprioceptic sensory.
All juxta-discs structures can induce to discal pain, but annulus fibro-

sus and the Longitudinal ligament are the main responsible for this kind
of pain because zigoapofisary joints stimulation would cause low pain.
Low back pain is often substituted or goes with a pain radiating to

the lower limb, configuring picture symptoms of lomboradicolopatia
compression of spine cord nerves. Its most common cause is a disc-
radicular conflict. The cause of the onset of pain, which can also be
stabbing, in cases of radicular compression originating from the disc is
not well clear.10-12

Indeed, compression of a root causes a double effect, mechanical
direct of the nerve fibers and indirect through the reduction or the
interruption of the emetic circle on the nerve tissue. It has been proved
that nerve flow may also be kept under strong compression as long as
a regular concentration of oxygen is kept. On the contrary, in case of
hypoxia it is noticeable a fast deterioration, even without compression.
All of this suggests that an ischemia results in much more serious
nerve flow deterioration than the compression itself.13-14

Another source of pain is inflammation. Indeed, a phospholipid
activity A2 has been noticed in human disc fragments coming from dis-
cectomy, it is a main element in the production of inflammatory medi-
ators (leukotriene and prostaglandin). In the patho-physiology of radic-
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Figure 2. Group A: values improved rapidly after 4 (T1) and 8
(T2) weeks with significant decrease at T3 with P<0.05 in both
follow-ups. Group B: variations at the various follow-ups were of
minor entity, therefore, the difference was significant only at 6
months (T3). When compared, group A still had better results
than group B at T2 and T3 follow-ups with P<0.05.

Figure 3. According to the total score of evaluation scales Short Form Health Survey-36 and Oswestry Low Back Pain Disability
Questionnaire, disability and quality of life have a better resolution (with P<0.05) in subjects who received also a specific rehabilitative
treatment (group A) rather than the group who underwent only O2-O3 treatment (group B).
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ular suffering it’s important to understand not only a mechanism of
axonal compression but also an alteration of microcirculation besides
inflammatory and scar reactions.15

All this confirms the existence of an anatomic-biochimical substrate
to pain of discal origin.16

When a patient suffers from chronic low back pain a serious of posture
modifications is evident. Spine short muscles (short rotators, inter-
spinous and interapophyseal muscles) play an important role in the ori-
gin of low back pain and the posture alteration deriving from it. Indeed,
those muscles contract themselves because of a painful reflection effect
conveyed by the external branches of posterior ramus of spinal nerves,
thus determining muscular tissue ischemia that leads to pain. Reflex
pain only intensify muscle contracture ending up with a vicious circle.17

Also muscles such as Piriformis muscles, Psoas muscle, Quatratus
Lomborum and Paravertebral muscles are potentially implicate in the
origin of low back pain both acute and chronic. Psoas muscle in partic-
ular is a mainstay muscle with some unique features. It crosses axial
skeleton up to the lower limb, where it meets the little trochanter. It
exercises its influence the hip and the lumbar column the most, where
it acts as a posture muscle. From an anatomic and a biomechanical
point of view, it works in association with the spinal unit (vertebra and
disc) and it is thought to increase the intradiscal pressure.
Some authors show a decrease in the psoas sectional area bilaterally

in presence of a lateralized herniated disc. Such reduction is positively
correlated with the duration of sciatica.
The effects of a wrong posture and muscular retraction occur at the

joints in form of compression, axial rotation and translation, thus
resulting in changes in skeletal morphology (scoliosis attitude,
Hyperkyphosis, knee Valgus and Varus deformity, etc.) and they can
also evolve into posture disorders up to real diseases. The pain causes:
antalgic contraction of paravertebral muscles with smoothing of lumbar
lordosis; furthermore if the muscular retraction is asymmetric this
leads to the development of a scoliosis attitude, prepending spine with
the consequent pelvis nutation.
The majority of patients suffering from chronic low back pain shows

a deconditioning syndrome:18,19 a reduction in physical activity can lead
to a reduce joint function, a loss of strength, resistance and muscular
coordination. It was proved that low back pain affected patients’ par-
avertebral muscles are less developed, they contain more fat and show
a selective muscular fibers atrophy.20-23 Several studies on chronic low
back pain have highlighted paravertebral muscles reduced in peak
force and resistance.23-25 Deconditioning contributes in worsening the
pain and negatively affects postures that the patient adopts in order to
avoid the pain.
Therefore, patients enter a vicious circle worsening their physical

condition. This model suggests a correlation between the physical con-
dition undermining and the disease behavior in the chronic pain.
Therefore, in patients with low back pain, injury does not represent

the main problem anymore, but it is also important a rehabilitation
able to assist completely the patients, avoiding a permanent disability.
Nowadays the treatment of chronic low back pain is still a problem,

because it is resistant to the common pharmaceutical therapy and also
because some of the proposed treatments do not exist so far. All the pro-
posed therapies have to compare themselves to a multiform and multi-
factorial disease, in which inflammatory, biomechanical, postural and
psycho-social factors are combined. Indeed, patients suffering from
this disease show a big amount of psychological and social problems
other than biomechanical/postural factor. All that contributes in keep-
ing the pain. That is the reason why a multidisciplinary integrated
approach, involving various aspects of the subject, is useful for this
kind of patients.3,4

In our experience the association oxygen-ozone paravertebral therapy
combined with a functional rehabilitation happened to be a very effective
and safe method. Its results resulted undeniable in terms of lower back

pain symptoms, secondary posture modifications, disability in activities
of daily living (ADL), mood and psychological status.1,16,26-30

Ozone therapy (the oxygen-ozone mixture) represents more and
more an efficient solution for the chronic low back pain conservative
treatment, that is because it is proved not to have side-effects and it
shows an analgesic and anti-inflammatory efficient effect.
Those effects are due to the pro-inflammatory prostaglandin inhibi-

tion of the synthesis; to the inhibition of the bradykinin release or pain
compounds; to the neutralization of oxygen reactive species in order to
stimulate the local production of antioxidant enzymes; to a modulation
in the production of pro-inflammatory cytokine.
The gas mixture reduces the pain helping to develop the local micro-

vascularization and remove the inflammatory substances thanks to the
link between ozone and unsaturated fatty acids and erythrocytes perox-
ides. It increases the permeability of the erythrocytes membrane improv-
ing the perfusion of O2 to the textures and the metabolic exchanges.
Moreover, the improved local vascularization obtained thanks to the

oxygen-ozone, together with the spine mobilization due to the func-
tional rehabilitation, seems to be able to stop the pathophysiological
mechanism of the discal degeneration.
It is important to remember, in addition to what noticed so far, the

O2-O3 mixture tension-relief effect along with reflexology action on
trigger points.
Patients affected from low back pain treatment aims to: i)

reducing/eliminating the pain; ii) restoring a normal joint and posture
function; iii) reducing the need of medical therapies over time; iv)
allowing a regular lifestyle.29,30

Conclusions

The results of our study show that percutaneous paravertebral intra-
muscular O2-O3 treatment along with a functional rehabilitation pro-
gram improves the symptoms and deficit in low back pain affected
patients. The authors aim to continue their study by monitoring long
term modification of the obtained results, in order to better understand
the way to modulate the disability in such a common and chronic-pro-
gressive disease.
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