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(Abstract \

Objective: To study the value of classical discography and ozone discography in the diagnosis of discogenic low back pain
and to explore the mechanism of discography replication pain.

Methods: A single-blind prospective study was conducted on 181 patients with discogenic low back pain who needed to
undergo ozonolysis,and which followed up in 1,2, and 3 years after treatment for visual analogue scores (VAS). The curative
effect after ozonolysis treatment was evaluated with weighted VAS scores , and the positive rate of replication pain test in the
two kinds of discography was compared.

Results: The total effective rates were respectively 88%,72% and 78% for 1 year ,2 years and 3 years in the 181 cases followed
up. The excellent and good rates were 67%,63% and 57%. The incidence rate of duplication pain for ozone discography was
respectively 89.7% and 45.2% in 2 groups of effect and ineffect, and there are obvious differences in statistical comparison.
The positive rate of replication pain test for ozone discography was significantly higher than that of classical discography
(57%:25%).

Conclusion: The long-term efficacy for ozonolysis is obvious in the treatment of discogenic low back pain. The positive rate
of duplication pain for ozonography is positively correlated with the curative effect. This study found that the replication pain
for ozone discography is related to sensitization of the sinus vertebrae nerve caused by disc lesions and chemical stimulation,
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and there is no significant correlation with pressure stimulation during disc injection.
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Introduction

Low back pain is the most common cause of disability in peo-
ple under 45. Clinically, the production of lumbar and leg pain
mainly emphasizes the role of compression mechanism for the
herniated disc, but compression mechanism cannot explain all
clinical phenomena. For a long time, the mechanism of disco-
genic low back pain is unclear, which brings great difficulties
to diagnosis and treatment. Because of the complex anatomical
and pathophysiological reasons of low back pain, it is diffi-
cult for clinicians to give accurate diagnosis of low back pain.
Often clinically, patients are given advanced imaging, such as
MRI or CT. Studies have shown that MRI findings such as disc
degeneration have no specific diagnostic significance with low

back pain or low back pain severity. A large number of stud-
ies have confirmed that lumbar disc discography can show the
pathological anatomy and morphology of the intervertebral
disc and determine whether the intervertebral disc is the cause
of chronic low back pain, that is, the responsible disc. If the
patient presents with severe low back pain, disc degeneration
is shown on the MRI, and after excluding other possible causes
of low back pain, it is still uncertain whether this degenerative
disc is a source of low back pain. In this case, lumbar discog-
raphy is only option. A systematic review has concluded that
discography is an effective method for the diagnosis of disco-
genic low back pain[1,2]In recent years, there have been many
new methods of minimally invasive interventional therapy for
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low back pain, such as ozonolysis and radiofrequency ther-
mocoagulation. These methods have a good effect after clini-
cal observation, but the long-term efficacy of ozonolysis in the
treatment of discogenic low back pain is not reported, and the
mechanism of replicative pain response of discography has
also been controversial. this study explored these issues from
the perspective of clinical practice.

Information and Methodology

1. General information

Of 181 patients who were followed up, 47 males, 134 females,
Average age 55 years (31~79 years). All the patients were
treated with ozonolysis, of these ,64 was followed up for 1
year, Of 76 cases in two years, 41 cases in 3 years. Treatment
of 305 intervertebral discs by ozonolysis, A total of 168 discs
were performed during the procedure of classical and ozone
discography.

2. Inclusion criteria

(1) Recurrent low back pain over 6 months, With or without
pain in the hips, thighs, Long standing, sitting or bending back
pain aggravated; (2) There was no abnormal lumbar spine in
the X film, No lumbar disc herniation CT or MRI, The MRI T2
weighted image signal is reduced. (3) After conservative treat-
ment, Discectomy and interbody fusion were not considered.

3. Exclusion criteria

Mental disorders; severe neurological deficit; coagulation dys-
function; severe spinal deformity and spondylolisthesis; spi-
nal stenosis and lateral recess stenosis; reluctance to perform
ozone-dissolution surgery and psychiatric patients; disc hernia-
tion with calcification, large protrusion, compression of dura
mater sac more than 50%; severe organ disorders with surgical
risk.

4. Operating methods

Patients take prone position, lumbar disc puncture all use pos-
terolateral path that puncture needle through the "safe triangle
area" into the lesion disc, puncture point location is generally
parallel to the lesion intervertebral space, using CT axial scan-
ning to directly measure the distance and puncture depth of
the para-open midline. After puncture CT axial scanning con-
firmed that the puncture needle tip should be located at the
center of the disc or at the middle and posterior 1/3 junction.
the low pressure was slowly injected with contrast agent (io-
dohydrol)2 ml/ the disc and asked the patient if there was a
duplication pain response. the type of disc lesion was again
judged CT the scan (refer to D allas-CTD grade). Then through
the puncture needle low pressure slowly injected into the disc
ozone 2 ml, ozone concentration of 50 ug/ml, asked the patient

whether there 15 a duplication pain response. The amount of
ozone injection can be adjusted according to the patient's toler-
ance, generally 5 ml~20 ml. per discAt most, two discs were
worn at one time, which were suspected lesions and adjacent
discs. The needle was then retreated near the intervertebral fo-
ramen and injected with an ozone concentration of 30 ug/ml,
about 10 ml~15 m l..absolute bed rest 24 hours after operation,
supine position. A small number of patients after 1~2 weeks
will appear symptoms "rebound ", can use analgesic and dehy-
drating agent symptomatic treatment.

5. Evaluation methods and criteria of efficacy

Analogue visual pain score (VAS) was used to evaluate the
curative effect before, after 1,2 and 3 years. and the obtained
VAS scores were weighted. VAS weighted value = Curative, (a-
b) /a x 100% >75%, good, (a-b) / a x 100% > 50% ~ < 75%,
effective, (a-b) / a x 100% > 25% ~< 50%, ineffective: (a-b) / a
x 100% < 25%. The total effective rate = (cureative n + good n
+ effective n) sum/ all n x 100%. The excellent rate is the sum
of curative and good rate.

a: VAS before treatment; b: VAS post cure 1 month.

6. Statistics processing

SPSS 10.0 statistical software is used to process the statistical
data. t test was used for measurement statistics and chi-square
test was used for counting index, p<0.05 was significant dif-
ference.

Results

In this group ,181 patients were followed up, the incidence of
ozone-replicating pain was 89.7% in 243 intervertebral discs
for effective treatment. The incidence of ozone-replicating
pain was 45.2% in 62 discs for Ineffective treatment (Table
1). In comparison, the former is significantly higher than the
latter. Table 2 shows, the intervertebral disc is divided into
three types according to ozone CTD lesion :1. internal fissure
type (Figure a): the inner layer tear of the fibrous ring is not
more than 1/3, C T D visible ozone diffusion does not exceed
1/3 within the fiber ring. 2. Tear type (Figure b): The fibrous
ring is torn to a third of the outer layer, C T D ozone escapes
to the trailing edge of the fiber ring; 3. Rupture type (Figure
¢): rupture of outer ring of fiber, C T D ozone leaks into the
epidural space.Of those who are effective, the percentage of
fracture, tear and internal fissure is 50%,38% and 12% respec-
tively. Of those who are ineffective, the percentage of fracture,
tear and internal fissure is 38%,29% and 33% respectively.In
168 disc,the positive rates of reproduction pain caused by clas-
sical discography and ozone discography were 25% and 57%
respectively. The latter is significantly higher than the former
in comparison of 2 groups (Table 3).

Table 1: Comparison of positive rate for replicating pain between two groups in effective and
ineffective treatment.

Groups Case (%) Number of disc | Positive rate Negative rate
Effective treatment 145(80.11%*) 243 | 89.7%" (218/243) | 10.3% (25/243)
Ineffective treatment | 36(19.89) 62 | 45.2% (28/62) 54.8% (34/62)

*Compared with the Ineffective treatment group, P< 0.01

Table 2: The percentage of types with ozone discography in 2 groups.

Number of disc | Rupture (%) | Tear (%) | Internal fissure (%)
Ineffective treatment 62 38 29 33
Effective treatment 243 50 38 12
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Table 3: Compare in the percentage of evoked pain by classic
and ozone discography.

Groups Positive (%) | Negative (%)
Classic discgraphy 25 75
Ozone discgraphy 5T 43

*Compared with classics discgraphy, p<0.01

Discussion

Discogenic low back pain refers to the low back pain caused
by various lesions in the intervertebral disc, which stimulating
the pain receptor in the intervertebral disc, without the symp-
toms of nerve root, without the radiologic evidence of nerve
compression or excessive segmental activity, but it can cause
the loss of function. Because the pathogenesis of the disease is
unclear, it brings great difficulties to diagnosis and treatment,
especially in patients with discogenic low back pain without
lumbar disc herniation by imaging examination. In recent
years, many scholars have carried out a lot of in-depth research
on the pathogenesis of discogenic low back pain. Most studies
suggest that the pathogenesis of discogenic low back pain is
that disc degeneration produces inflammatory mediators, sec-
ondary inflammatory granulation zone formation, and stimu-
lation of sinus nerve endings distributed in the outer layer of
fibrous ring to develop hypersensitivity, resulting in discogenic
low back pain. Some studies have shown that the characteristic
pathological change is the formation of the fibrous ring from
the outer layer to the nucleus pulposus with a wide distribution
of nerve granulation tissue band region, corresponding to the
lumbar discography showed fractures. In normal intervertebral
disc, there are only vascular distribution on the surface of the
fibrous ring, and in asymptomatic normal aging intervertebral
disc, the vascular distribution is only found in the outer fibrous
ring, not in the inner fibrous ring and nucleus pulposus [3].
Reduced pressure in the intervertebral disc and reduced pro-
teoglycan contents can promote neurovascular growth [4,5].

Nerve growth factor (Nerve Growth Factor, NGF) can promote
the growth of nociceptive sensory nerve fibers, increase the ex-
pression of NGF, promote axonal regeneration of NGF sensi-
tive neurons, and cause inflammatory pain [6]. The inflamma-
tory response is an important pathogenesis of discogenic low
back pain. Pain-causing chemicals such as TNF-q, IL-1, IL-6,
NO and phospholipase A2, have been found in degenerative
intervertebral discs [7]. Macrophages are the most common of
the inflammatory cells; there are few macrophages in the nor-
mal intervertebral disc [8].

Discography also known as nucleus pulposus radiography, is
an imaging method to inject contrast agent into the interver-
tebral disc to observe the shape of the nucleus pulposus and
reflect the pathological characteristics of the intervertebral
disc. CT discography (CTD) has been widely used to assess
low back pain [9-12]. Standard discography is required to in-
ject suspected pathdisc and adjacent disc for self-control of the
patient's disc. Discography can not only reflect the shape of
the disc, but also show the pathological characteristics of the
disc. S eung-Min Kim reported [13] that fiber ring rupture is
divided into 4 grades, which is called Dallas-CTD classifica-
tion. By CTD of the classification of fiber ring rupture, it can
reflect the changes of the inner layer of fiber ring rupture, outer
layer rupture and rupture beyond the outer layer of fiber ring
combined with the complete rupture of longitudinal ligament.
In addition to the significance of observing the morphological
changes of the intervertebral disc, the most important thing in
discography is to observe the pain replication reaction of pa-
tients during injection, especially the positive reaction of rep-
lication pain that occurs during low pressure injection is more
important for diagnosis. Research evidence [14] there was a
significant correlation between rupture of the fibrous ring and
positive discography. Studies have shown that patients with
CTD positive for replication pain, whether in pain-inconsis-
tent or partially consistent discs or pain-consistent discs, had

Figure a-c: (a) Image of intervertebral disc inner rupture in ozone contrast; (b) Image of strata externum disc tear in ozone con-
trast; (c) Image of intervertebral disc rupture in ozone contrast.
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79.31% and 86.27% of patients with pain replication-positive
in Dallas-CTD grades 2 and 3 respectively. This suggests that
positive replication pain is an accurate indicator of disc rup-
ture. H Vanharanta et al noted that pain response by discogra-
phy correlates with the extent of annular disruption [15], Nor-
mal or Grade 1 disc rarely produces pain, yet discs with over
Grade 3 disruption usually provoked pain response. Tanghua
Liu et al reported [16] that Ozone CT discography is consis-
tent with Dallas-CTD grade and has good clinical application
value. By comparing the positive rate of Ozone CT discogra-
phy with classical discography, the former was significantly
higher than the latter (57/25%). In addition, compared between
the effective treatment group and the ineffective treatment
group, the positive rate of replication pain for ozone discog-
raphy showed that the former was significantly higher than
the latter (89.7/45.2%). This indicated that there was a posi-
tive correlation between the positive rate of replication pain
and the therapeutic effect. This also suggests that discogenic
low back pain, whether diagnosed or treated, is associated with
discography, and that Ozone CTD is more sensitive than clas-
sical CTD. The positive rate of duplication pain for ozone CTD
was 89.7%, which indicated that the degree of disc rupture was
consistent with the positive rate of intervertebral disc duplica-
tion pain , which was similar to H Vanharanta, B L Sachs, Mark
Spivey, et al reported [15]. The results showed that there was
little relationship between the pain response and the pressure
stimulation of intervertebral disc, and the degree of disc lesion
was related. Similarly, in the case of low pressure injection
of the intervertebral disc, the positive rate of replication pain
for ozone CTD is higher than the classic CTD, because ozone
is a strong oxidant and is stronger than contrast agent to stimu-
late the ruptured intervertebral disc. this further suggests that
chemical mediation is the main cause of pain replication in in-
tervertebral discography rather than stress stimulation.

The discogenic lumbar pain of chemically mediated has a wide
range of clinical manifestations, often characterized by recur-
rent lumbar pain. In addition to stimulating sinus nerves lead-
ing to low back pain, degenerative disc-induced inflammatory
pain can also stimulate adjacent nerve roots and trigger local
neuritis, leading to reactive pain in the lower limbs of some
patients [17]. It is believed that the pathogenesis of chronic
discogenic lumbago is that the rupture of the inner fibrous ring
and the injury for the endplate of cartilage make the pain re-
ceptors in the outer layer of the fibrous ring and adjacent end-
plate directly contacting with the proteoglycan in the nucleus
pulposus, which long-term direct contact with irritants in nerve
endings is considered to be the main cause of local triggering
of low back pain. Studies have found [18] there is a good corre-
lation between the tear of the outer fibrous ring in the interver-
tebral disc and the positive reaction of the replication pain of
the intervertebral disc. The fracture does not produce the pain
reaction when it extends to 1/3 of the inner layer in the fibrous
ring, and produce the pain replication reaction when it extends
to 1/3 of the outer layer. The results indicated that the positive
of the pain replication reaction for CTD was related to the tear
degree of fibrous ring.

Previous discography is considered to be the gold standard
for the diagnosis of discogenic low back pain and is the only
reliable diagnostic method at present [19,20]. However, there
are some controversies in discography, such as the subjective
feeling of pain induced by radiography, which is influenced
by psychological factors. Classification of disc degeneration

which 1s not designed to detect the structural changes inside
disc has a limitation to localize the degenerative changes, and
which can be related with clinical judgement report [21,22].
That Elastance measured during discography showed signifi-
cant differences between normal and degenerative discs. There
was statistically significant change between Grade 0 and Grade
4&5.

The authors compared the incidence of replicative pain caused
by intraoperative classical CTD and Ozone CTD, the results
showed that the incidence and efficacy of replicative pain
caused by Ozone CTD were positively correlated, and sig-
nificantly increased than that caused by classical CTD. Which
suggesting that Ozone CTD is more sensitive to the diagnosis
and efficacy evaluation of discogenic lumbago than classical
CTD, and has great value of clinical application.
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