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a b s t r a c t
Purpose: To evaluate the therapeutic results of oxygen–ozone combined collagenase injection for the
treatment of lumbar disc herniation compared to the surgery. And to explore the role of this minimally
invasive treatment as an alternative to disc surgery.
Materials and methods: Two groups of patients (n = 108) were treated with different ways respectively.
Minimally invasive group of patients was treated with the injection of oxygen–ozone combined with
collagenase into the lumbar disc or the epidural space; the other group was treated with traditional
surgery. After the treatment, the patients were followed-up and the therapeutic effect was assessed at 2
weeks, 3 and 12 months by the modiﬁed Macnab criteria.
Results: The success rate was 86.11% and 88.89% in minimally invasive group at 3 and 12 months respectively, while 92.59% and 95.37% in surgical group. There was no statistically signiﬁcant difference between
two groups at 3 and 12 months (P = 0.123, P = 0.08). However, the surgical group produced a statistically
signiﬁcant greater improvement for back pain and disability in the ﬁrst few weeks (P = 0.0001). The success rate was 51.86% and 85.18% at 2 weeks in minimally invasive group and surgical group respectively.
No serious complication occurred in this group.
Conclusions: The combination of the oxygen–ozone with collagenase shows signiﬁcant reductions in pain
and improvements in function at 3 and 12 months, it can be considered as an option for the treatment of
non-contained lumbar disc herniation instead of surgery.
© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
The lumbar disc herniation was one of the most common disease
and most frequent cause of absence from work. The therapy of lumbar disc herniation includes conservative treatment, surgery and
minimally invasive techniques. Conservative treatment was only
suitable for the patients with very light clinical symptoms and signs
[1]. The surgery was effective but with more trauma and complications [2]. Currently, a number of minimally invasive techniques
have been described [3]. These techniques include: chemonucleolysis [4–7], percutaneous manual nucleotomy [8], percutaneous
laser disc decompression (PLDD) [9], intradiscal electrothermy [10].
These procedures have reported success rates of 70%–75%, but each
has its limitations [11].
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Chemonucleolysis is a technique that involves the percutaneous puncture of a needle intradisc or extradisc to shrink or
remove the herniation with chemical materials. The clinical studies of chemonucleolysis showed that these procedures improved
the clinical outcomes [4–7], but the role of chemonucleolysis as an
alternative to disc surgery is still disputed. Especially the chemonucleolysis with chemopapaine resulted in an unacceptable level of
complications and is no longer available in the United States [11].
Although no serious complications related to the chemonucleolysis
with collagenase have been reported so far, however, the success
rate of this procedure was still unsatisﬁed. Recently, chemonucleolysis with the oxygen–ozone also has been reported to improve the
signs and symptoms of patients with non-contained lumbar disc
herniations [4], but the success rates of this procedure was unsatisﬁed too. The purpose of this study was to explore if the combination
of collagenase and oxygen–ozone can improve the success rate of
chemonucleolysis for the treatment of non-contained lumbar disc
herniations, and this study was also to determine if the chemonucleolysis with the combination of collagenase and oxygen–ozone
can be considered as an alternative to disc surgery.
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Table 1
Patient’s characteristics
Patient’s characteristics

Group A (non-surgical)

Group B (surgical)

Statistical analysis

Number of patients

108

108

Gender
Male
Female

58
50

65
43

2 = 0.925,
P = 0.336

Age (yrs)
Range
Range

46.5 ± 1.85
22–68

46.2 ± 1.29
25–65

t = 1.382,
P = 0.168

Mode of onset of pain
Work related
Trauma
Other

15% (16)
13% (14)
72% (78)

21% (23)
18% (19)
61% (66)

2 = 2.716,
P = 0.257

Duration of pain (months)
Range
<1
1–4
>4

1–5
45% (49)
43% (46)
12% (13)

1–5
52% (56)
39% (42)
9% (10)

Z = −1.056,
P = 0.291

Pain ratio
Back pain only
Back worse than leg
Back and leg pain equal
Leg worse than back

8% (9)
47% (51)
28% (30)
17% (18)

12% (13)
45% (49)
33% (36)
10% (10)

Z = −0.897,
P = 0.370

Straight-leg-raising tests
Positive
Negative

92% (99)
8% (9)

88% (95)
12% (13)

2 = 0.889,
P = 0.346

Decompression sites
L3–4
L4–5
L5–S1

16% (17)
61% (66)
23% (25)

15% (16)
57% (62)
28% (30)

Z = −0.690,
P = 0.490

Two groups have no statistical difference.
The table showed the data of all patients and the statistical analysis result.

2. Materials and methods
The study was conducted at a large therapy center of pain, and
was approved by the University’s Institutional Review Board. The
Injection of Collengenase was bought from the Shanhai Qianyuan
Medical Company. The ozone device was bought from Herrmann
Apparatebau Gmbh, German.
2.1. Inclusion criteria
Patient’s age arranged from 20 to 70; low back pain with one
or two leg pain; evidence of discogenic disease on CT or Magnetic Resonance Imaging (MRI) scan indicating the single level
non-contained herniation; failure of non-surgical therapies in the
prior 6 months, including physical therapy, non-steroidal antiinﬂammatory medicines, epidural steroidal treatment.
2.2. Exclusion criteria
Unstable neurological deﬁcits and cauda equina syndrome;
stenosis of vertebral canal; protrusion calciﬁcation; dislocation of
vertebrate; lateral access stenosis; mental disorder; malignancy;
other chronic diseases.

ing the ﬁrst visit to the outpatient clinic of the therapy center of
pain, the patient’s history and a standard neurological examination
will be documented. Conform our selection criteria, the neurosurgeon decides whether a patient is eligible for this trial. The study
will be explained to the patient, and after the patients signed the
paper of agreement for the treatment, the patients were admitted
to the therapy center of the pain. Then the questionnaires are ﬁlled
according to the modiﬁed Macnab criteria [12] (Table 2).
Patients will be randomly allocated to either minimal invasive
group (group A) or conventional discectomy (group B). Randomization will take place in the admitting room by the research nurse. The
research nurse allocated the patients according to the random numbers formed by the computer to ensure equal distribution of the
randomization treatments. The data manager at the department of
biostatistics, who is not involved in the selection and allocation of
patients, will prepare coded, sealed envelopes containing the treat-

Table 2
Macnab criteria for assessing clinical outcome after treatment
Outcome

Description

Excellent

Disappearance of symptoms.
Complete recovery in working and sports activities.

Good

Occasional episodes of low back pain or sciatica.
No limitations of Occupational activities.

Fair

Insufﬁcient improvement of symptoms.
Periodical administration of drugs.

Poor

No improvement of clinical situation.
Limitation of physical activities.

2.3. Randomization procedure
216 patients during the study period (January 2003–November
2005) in the therapy center of pain were involved in this trial.
Table 1 was the clinical materials of the two groups of patients.
All patients meet the inclusion and exclusion criteria, and all the
patients signed the paper of agreement for the treatment. Dur-

The criteria of “excellent, good, fair and poor” for assessing clinical outcome after
treatment were showed.
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ment allocation. The treatment were carried out by two specialists
who are blind to the study, one is responsible for the minimal invasive procedure, the other is responsible for the conventional open
surgery, and they are not allowed to participate the assessment of
the results. In the operating room, the surgeon will open the envelope and the allocated treatment is performed. Research nurses
are kept blinded for the allocated treatment during the follow-up
period of 1 year.
After the treatment, doctor Wang and Wei, who were blinded
with the treatment, will call the patients at 2 weeks, 3 and 12
months respectively and the therapeutic effect (leg pain, back pain
and self-reported disability) was assessed according to the modiﬁed Macnab criteria [12] (Table 2), and the main questionnaire will
be ﬁlled and sent to the data center.
Dr. Peng Yang, who is an assistant professor in the department
of biostatistics and blinded to the treatment too, carried out the
statistical analysis. The statistical methods used include Chi-square
test, t test and Wilcoxon rank sum test.
2.4. Chemonucleolysis technique
A standardized chemonucleolysis technique was performed,
and C-arm ﬂuoroscopy was used for the procedures and anteroposterior and lateral spot ﬁlms were obtained for documentation
purposes.
In non-germ surgical operation room, the patient lies on the
surgical operation bed facing down with a cushion under the lower
abdomen. The treatment level was localized and local anesthesia
was applied to the skin 6–8 cm lateral to the midline. The 22-gauge
needle was directed toward the center of the disc under ﬂuoroscopic guidance, and the annulus was punctured (Figs. 1 and 2).
After the needle was determined radiographically to be in the
appropriate position, inject 35–45 ug/ml of 10–15 ml O2–O3 into

Fig. 2. The anteroposterior position of the needle. The anteroposterior position of
the needlepoint after the intradisc puncture was showed.

the disc very slowly, then pull out the needle waiting for 20 min,
then let the patient lie down on the pain-side, and puncture the needle to the epidural space through intervertebral foramen, the needle
point should lie to the 1/3 and 2/3 intersection level of intervertebral foramen in lateral view, and lie to the inner margin of pedicle
of vertebral arch in anteroposterior view (Figs. 3 and 4). After the
needle was determined radiographically to be in the appropriate
position, 0.5–1 ml of non-ionic contrast material (Omnipaque300)
was injected to document appropriate contrast spread into the
epidural space without intravascular uptake and not inside the
spinal dura mater (Figs. 3 and 4), then injected the collagenase
1200 u (4 ml) into the protrusion area inside the epidural space
very slowly (10 min). Pull out the needle and let the patients keep
an anteroposterior position (30–45 angle to the bed) for 6–8 h to
prevent the collagenase diffuse to other place.
After the operation, patients should take antibiotics orally and
infused 20% mannitol 250 ml, dexamethasone 5 mg and citicoline sodium injection 0.5 g through venous way for 3 days, or gave
some painkiller if necessary. The patients were followed-up for 12
months.
2.5. Discectomy
The patients were treated with traditional discectomy. Blocking
the posterior branches of spinal nerves by local anesthesia, discectomy was performed to remove the nucleus pulposus by lateral and
interlamina access.
3. Results

Fig. 1. The lateral position of the needle. The lateral position of the needlepoint after
the intradisc acupuncture was showed.

The therapeutic effect (leg pain, back pain and self-reported disability) was assessed at 2 weeks, 3 and 12 months by the modiﬁed
Macnab criteria [12] (Table 2).
A satisfactory therapeutic outcome was obtained in both groups
at 3 and 12 months. In group A, treatment was a success (excellent
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Table 3
The outcomes of two groups after the treatment
Outcome

Group A (non-surgical, n = 108)
2 Weeks

Excellent
Good
Fair
Poor
Times in hospital
Mean cost

30.56%(33)
21.30%(23)
31.48%(34)
16.67%(18)

3 Months
74.07%(80)
12.04%(13)
7.41%(8)
6.48%(7)
7 ± 1.39 (days)
4106 ± 305.93(¥)

Group B (Surgical, n = 108)
12 Months

2 Weeks

76.85%(83)
12.04%(13)
5.56%(6)
5.56%(6)

70.37%(76)
14.81%(16)
9.26%(10)
5.56%(6)

3 Months
77.78%(84)
14.81%(16)
4.63%(5)
2.78%(3)
16 ± 1.41 (days)
9989 ± 1614.36(¥)

12 Months
79.63%(86)
15.74%(17)
2.78%(3)
1.85%(2)

The number and the percentage of patients of different outcomes after the treatment were showed.

Fig. 3. The lateral position of the needle. The lateral position of the needle after
the trans-foramen acupuncture was showed. The arrow showed the contrast spread
into the epidural space.

or good outcome) in 86.11% (93 of 108) and 88.89% (96 of 108) at 3
and 12 months. In group B, treatment was a success in 92.59% (100
of 108) and 95.37% (103 of 108) at 3 and 12 months. By 3 and 12
months, the success rate was a little higher in group B, but there
was no statistically signiﬁcant difference in outcome between two
groups (P = 0.123, P = 0.08). However, group B produced a statistically signiﬁcant greater improvement for back pain and disability
in the ﬁrst few weeks (P = 0.0001). In group A, treatment was a success in 51.86% (56 of 108) at 2 weeks, but in group B, treatment was
a success in 85.18% (92 of 108). Crude cost analysis suggested an
overall ﬁnancial advantage from non-surgical group, and the times
in hospital of patients were shorter in the non-surgical group too
(P < 0.01). There were no serious complications occurred in both
two groups. There were no nerve root injuries or infections that
occurred in both groups. Table 3 showed the results of the two
groups after the treatment.
Patients with an excellent outcome at non-surgical group were
asked to perform CT scan after the treatment, Figs. 5–8 were the representative of the CT before and after the treatment. The CT clearly
showed the shrinking of the protrusion after the chemonucleolysis.

Fig. 4. The anteroposterior position of the needle. The anteroposterior position of
the needle after the trans-foramen puncture was showed. The arrow showed the
contrast spread into the epidural space.

Fig. 5. The CT scan before the treatment. The arrow showed size and position of
L4–5 lumbar disc herniation before the treatment.
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Fig. 6. The CT scan after the treatment. The arrow showed size and position of L4–5
lumbar disc herniation after the treatment at the 12 months.

4. Discussion
It has been proved that chemonucleolysis can improve the clinical outcomes of lumbar disc herniation [5]. Currently, the materials
for the chemonucleolysis include chymopapain [13], collagenase
[14], ethanol [6], and ozone [4,15,16] and hypertonic saline [7]. The
chymopapain was the ﬁrst proteinase used for the treatment of
lumbar disc herniation, it was mainly used by intradiscal injection
to lyse the proteoglycan of lumbar disc. But chymopapain has a
little higher allergy reaction with similar effective rate compared
to collagenase [14], it was no longer available in the United States
[11]. Collagenase can speciﬁcally lyse collagen, which is one of the
main compositions of the protrusion; therefore, collagenase has
been used to treat the lumbar disc herniation [16]. And recently,
ozone was reported can also improve the clinical outcomes of lumbar disc herniation. But the success rates of all these procedures
are still unsatisﬁed. The published data showed [17,18] that the
success rate of ozone for the treatment of lumbar disc herniation

Fig. 7. The CT scan before the treatment. The arrow showed size and position of
L5–S1 lumbar disc herniation before the treatment.
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Fig. 8. The CT scan after the treatment. The arrow showed size and position of L5–S1
lumbar disc herniation after the treatment at the 12 months.

was only around 68% to 76%, and the success rate of collagenase
for the treatment of lumbar disc herniation was from 70% to 75%
[19,20]. To improve the success rates, we combined ozone with collagenase together to treat lumbar disc herniation, and our results
suggested the combination was successful. The success rate in our
group was 88.9%, which was signiﬁcantly higher than the reported
success rate. And the success rate in our group was close to the
success rate in the surgical group too, although the surgical group
produced a statistically signiﬁcant greater improvement for back
pain and disability in the ﬁrst few weeks (P < 0.01), however the
success rate in the minimally invasive group at the 3 and 12 months
was no statistical difference compared to surgical group (P > 0.05).
Meanwhile, the minimally invasive procedure has more advantages
compared to the surgical procedure: Chemonucleolysis with the
combination of ozone and collagenase has little trauma compared
to the surgery. The minimally invasive procedures can be completed
with a thin needle (22G), so it has very little trauma. Collagenase
can speciﬁcally lyse collagen to shrink the protrusion and release
the mechanical pressure to the nerve. Ozone not only can directly
oxidize the proteoglycan, which is another kind of majorities of
the macromolecular material in the nucleus, but also can degenerate nucleus cells and ﬁnally lyses the cells, so the ozone can also
decompress lumbar disc and release the mechanical pressure of
the protrusion to the nerves [15,16]. On the hand, the ozone can
alleviate the pain by decreasing the inﬂammation response and
improving the inﬂammation [14], which had been suggested to
be involved in the mechanism. Therefore this combination will
enhance the role of chemonucleolysis and improve the success rate.
In fact, the success rate (88.9%) in our group was signiﬁcantly higher
than the reported success rate. It is very safe with little complications. In our group, no serious complications occurred. No nerve
injuries occurred. It has overall ﬁnancial advantages compared to
the surgical group. The times in the hospital of the patients or the
mean cost in the minimal invasive group were shorter or lower than
its in the surgical group.
Although minimally invasive procedure has more advantages
compared to the surgical procedure, but each method has their
indications and contraindications, so we must remember that this
minimally invasive procedure is not good for all the patients with
lumbar disc herniation. For the patients with stenosis of vertebral
canal, protrusion calciﬁcation and lateral access stenosis, must be
treated with surgery. In our group, all patients had a typical clinical
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symptoms and signs: one leg pain or two legs pain with a positive strait-raising-test, and CT or MRI showed a clear lumbar disc
herniation.
The reason of 12 patients who did not get a good effect in minimally invasive group was analyzed: 2 patients did not keep a body
position after the procedure of chemonucleolysis, which would lead
to the diffuse of the collengenase to other area and reduce the concentration of collengenase in the protrusion area; 3 patients has a
little longer history (5–6 years with the atrophy of muscle of leg);
2 patients was with a very huge protrusion, 1200 u collengenase
maybe was not enough to lyse the protrusion; 5 patients were not
followed the doctor’s advice after the treatment and continued to
raise the heavy lift.
In conclusion, the combination of the collagenase with ozone
shows statistically signiﬁcant reductions in pain and improvements
in function, and because the success rate in minimally invasive
group at 3 and 12 months was no difference compared to the
surgery, it can be considered as an option for the treatment of noncontained lumbar disc herniation, at least in the absence of clear
indications for surgery.
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