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Abstract. The aim of this prospective study was to investigate the clini-
cal efficacy of the transforaminal percutancous endoscopic lumbar discectomy
(PELD), combined with ozone in the treatment of lumbar disc herniation, and to
compare its short-term efficacy with fenestration. The study included 109 adult
patients admitted to our hospital from January 2015 to December 2016 that
met the inclusion criteria. All patients were randomly divided into two groups:
the combination group and the fenestration group. The visual analogue scale
(VAS) was used to measure postoperative pain of the surgical wound and waist
and leg. The JOA score was used to measure recovery status, and the Oswestry
disability index (ODI) was used to determine lumbar dysfunction. The operation
time and hospitalization time in the combined group were significantly short-
ened, and the average blood loss and the average amount of intervertebral disc
resection were also significantly lower than those in the fenestration group. At
all-time points, the VAS score of postoperative pain in the combined group was
significantly lower than that in the control group. VAS and ODI scores were sig-
nificantly decreased and JOA scores were significantly higher in the combined
group. The treatment rate in the combined group was significantly higher than
that in the open window group. However, there was no a significant difference in
the incidence of complications between the two groups. PELD combined with
ozone therapy can significantly improve the therapeutic effects and shorten the
recovery time of patients with lumbar disc herniation, but does not affect the
incidence of postoperative complications.
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Eficacia clinica de la discectomia lumbar endoscépica
percutanea transforaminal, combinada con ozonoterapia,

en el tratamiento de la hernia de disco lumbar: comparacion
con la discectomia por fenestracion. Un estudio prospectivo.
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Resumen. Se evalu la eficacia clinica de la discectomia lumbar endosco-
pica percutanea (PELD) combinada con ozonoterapia en el tratamiento de la
hernia de disco lumbar, y se comparé su eficacia a corto plazo con la fenestra-
cion. El estudio incluy6 a 109 pacientes adultos, divididos aleatoriamente en:
un grupo de combinacién, en el que los pacientes recibieron PELD y tratamien-
to con ozono y un grupo tratado mediante fenestracion. La escala analégica
visual (VAS) se utiliz6 para medir el dolor postoperatorio de la herida quirtr-
gicay el de la cintura y la pierna. La escala JOA se usé para medir el estado de
recuperacion, y el indice de discapacidad de Oswestry (ODI) para determinar la
disfuncion lumbar. Los tiempos de operacion y de hospitalizacion en el grupo
combinado se redujeron significativamente, y los promedios de pérdida de san-
grey la cantidad de reseccion del disco intervertebral también fueron significa-
tivamente mas bajas que las del grupo de fenestracion. La puntuacion VAS de
dolor postoperatorio en el grupo combinado fue significativamente menor que
en el grupo control. Los puntajes VAS y ODI disminuyeron significativamente y
los puntajes JOA fueron significativamente mas altos en el grupo combinado.
La tasa de tratamiento en el grupo combinado fue significativamente mayor que
la del grupo de ventana abierta. Sin embargo, no hubo diferencias significativas
en la incidencia de complicaciones entre los dos grupos. La PELD combinada
con la ozonoterapia puede mejorar significativamente el efecto terapéutico y
acortar el tiempo de recuperaciéon de los pacientes con hernia de disco lumbar,
pero no afecta la incidencia de complicaciones postoperatorias.

Recibido 12-01-2019 Aceptado 10-07-2019

INTRODUCTION

Lumbar disc herniation, a common dis-
eases caused by the compression of spinal
nerve roots, affects a huge amount of popula-
tion worldwide (1, 2). The low back pain and
radicular sciatica are the main symptoms
for lumbar disc herniation, in which 1.6-43%
patients with low back pain are associated

sciatic symptoms, and 90% of the cases are
caused by disk herniation (3-5).The trans-
foraminal percutancous endoscopic lumbar
discectomy (PELD), a target oriented tech-
nique, is now widely used and considered as
an efficacious, minimally invasive procedure
for soft disc herniation (6). Studies show
PELD has the advantages of preservation of
posterior structures, smaller incision, less
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paravertebral muscle injury, and a similar
effectiveness compared with the traditional
open discectomy (7, 8). Besides the applica-
tion of PELD, the use of ozone (O,) therapy
is also reported to be effective in treatment
of lumbar disc herniation (9). Ozone is a
strongly oxidant gas with antiseptic, immu-
nomodulating, analgesic and anti-inflamma-
tory properties and ozone treatment is also
widely used in the treatment of inflamma-
tory and degenerative processes, as well as
nociceptive-neuropathic pain, including disc
herniation (10, 11).

Despite the studies of PELD and ozone
therapy, to our best of knowledge, few stud-
ies used the combination of PELD and ozone
therapy in treatment of disc herniation, and
few studies compared the clinical effective
between the combination of PELD and ozone
therapy with the fenestration discectomy us-
ing prospective strategy in treatment of lum-
bar disc herniation. In the present study, we
conducted a randomized controlled prospec-
tive study to investigate the clinical efficacy
of transforaminal percutaneous endoscopic
lumbar discectomy combined with ozone
therapy for the treatment of lumbar disc
herniation, and compared its short-term
efficacy with fenestration discectomy. This
study might provide more clinical evidences
for the efficacy and safety of PELD and ozone
therapy in the treatment of lumbar disc her-
niation.

METHODS AND MATERIALS

Patients and treatment

In this prospective study, a total of
109 adult patients who went to our hospi-
tal and conformed to the inclusion criteria
during January 2015 to December 2016
were included. All patients were diagnosed
as lumbar disc herniation and confirmed by
X-ray, CT or MRI. The patients had received
conservative treatment for more than three
months; however the pain of waist and legs
didn’t reduce or recurred. The following pa-
tients were excluded: patients with opera-

tive history of lumbar spine, patients with
other fracture and sprain, and patients with
lumbar spinal stenosis, vertebral fractures,
spondylolisthesis, thickening of ligamentum
flavum, spinal tumors, spinal tuberculosis,
moderate to severe osteoporosis or ankylos-
ing spondylitis. All patients were randomly
divided into two groups, 1) the combined
group (n=55), in which patients received
PELD and ozone treatment; 2) the fenes-
tration group (n=54), in which patients re-
ceived traditional fenestration surgery. Writ-
ten informed consent was obtained from all
patients within 24 h of admission. The pres-
ent study was approved by ethic committee
of Wuhan Puai Hospital.

Surgical technique

For the combined group, surgery proce-
dure was performed as described previously
(12, 13). Briefly, the patient was in the prone
position and under local anesthesia. After
observing by C-arm fluoroscopy (Perlong
Medical Devices Co., Ltd., Nnanjing, China),
an incision was made at 6~10 c¢m beside the
horizontal position of the middle line for L2-
L3 and L3-L4 segments, and was made at
12~14 c¢m beside the horizontal position of
the middle line for L4~L5 and L5~S1 seg-
ments. After gently insertion of an 18-gauge
spinal needle, infiltration anesthesia was
conducted using 3 mL 1% lidocaine and 2
mL 5% lidocaine was used for further anes-
thesia after the needle reached the superior
articular process. Then intraoperative dis-
cography was performed with a mixture of
contrast agent and methylene blue to stain
the pathological nucleus and estimate the
location of the annular tear. Then a guide
wire was inserted through the spinal needle
to confirm the position, and the needle was
then removed. After placed the bushing, the
foraminoplasty was performed by cutting
off part of sclerotin outer margin of articu-
lar process and the intervertebral foramen
was expanded. Then the trephine was moved
and a transforaminal endoscope was placed
into the bushing. The degenerated nucleus
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pulposus was moved by nucleus pulposus for-
ceps and the damaged fibrous annulus was
repaired by dual frequency RF electrode.
Then the bushing and the transforaminal
endoscope were moved and the incision was
sutured. For ozone treatment, all patients
received injection of 10 mL O, (60 ug/mL,
generated by ozone generator, Herrmann
Ltd. Germany) into the intervertebral disc
lesion after surgery, the dose was mainly ac-
cording to our clinical experience.

The standard fenestration surgery was
conducted as described in many studies (14,
15). Briefly, after anesthesia, a middle inci-
sion was made at a posterior position of the
responsible vertebra and another incision
was made at the position of the lumbar spi-
nous process of lumbar lesions. After gradu-
ally cutting the skin, subcutaneous tissue
and back fascia, the paraspinal muscles were
slowly peeled off and the vertebral plate pro-
truding side and horizontal position of the
articular process of the lesion were exposed.
After observing by C-arm fluoroscopy (Per-
long Medical Devices Co., Ltd., Nnanjing,
China), the lower edge of the upper verte-
bral plate was moved by laminectomy for-
ceps and the fenestration was conducted.
Extended decompression of nerve root canal
was performed if necessary. After the nerve
root and thecal sac were exposed and sepa-
rated, the intervertebral disc tissues were
seen clearly and the degenerated nucleus
pulposus, injured fibrous ring and the pro-
liferative tissues around the lesion were all
removed. Then the surgery incisions were
washed by normal saline. Then drainage-tube
was placed and the incision was sutured. All
treatment was conducted by the same group
according to the same treatment protocol.

Measurement and Data collection

Demographic data and clinical variables
such as age, segment of intervertebral disc
protrusion, pathological types, course of dis-
ease, as well as surgery time, intraoperative
blood loss, discectomy volume and hospital-
ization time were collected. The visual ana-

logue scale (VAS) was used to measure the
postoperative pain condition at 1 h, 12 h, 24
h and 48 h after surgery. The postoperative
pain condition of lumbar and legs of the pa-
tients were also measured using VAS scores
at 1 month, 3 months and 6 months after
surgery. The Japanese Orthopaedic Associa-
tion (JOA) score was used to measure the
recovery condition. The Oswestry disability
index (ODI) was used to determine the lum-
bar dysfunction at 1 month, 3 months and
6 months after surgery. A modified MacNab
criteria was used to evaluate the efficacy of
the treatment at 6 months after surgery as
described elsewhere (16). The postoperative
complications were also recorded. All pa-
tients were followed-up for 6 months.

Statistical analysis

The measurement data were expressed
by mean *+ SD. Chi square test was used to
compare the counting materials and rates.
Comparison between two groups of continu-
ous data was performed using the Student
t-test. It was considered to be statistically
significant when P-value was less than 0.05.
All calculations were made using SPSS 18.0.

RESULTS

Basic clinical characteristics for all
patients

The present study included a total of
109 patients, with a mean age of 56.7+10.6,
male: female ratio was 62: 47, and disease
course duration 3.1+1.5. As shown in Table
I among all patients, L3~L4 intervertebral
disc herniation included 28 cases (25.7%),
and L4~L5 segment 54 cases (49.5%),
L5~S1 27 cases (24.8%). Meanwhile, 35
cases (32.1%) were diagnosed as central disc
herniation, 61 cases (56.0%) as paracentral
disc herniation and 13 cases (11.9%) as pos-
terolateral disc herniation. No significant
difference was observed between the com-
bined and the control groups. The study flow
chart is shown in Fig. 1.
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TABLE I
BASIC CLINICAL CHARACTERISTICS FOR ALL PATIENTS
Variables Combined group Fenestration group
n=355 n=>54
Age, year 56.4=11.1 57.2+10.3
Gender, male: female 32:23 30: 24
Course of disease, year 3.1x14 3.2+1.3

Segment of intervertebral disc herniation, n (%)

L3~L4 16 (29.1) 12 (22.2)

L4~L5 26 (47.3) 28 (51.9)

L5~S1 13 (23.6) 14 (25.9)
Pathological types, n (%)

Central 17 (30.9) 18 (33.3)

Paracentral 32 (58.2) 29 (53.7)

Posterolateral 6 (10.9) 7 (13.0)

To further compare the difference bet-

Assessed for eligibiity ween PELD combined with ozone treatment
- and the fenestration discectomy, the intrao-
perative indexes were collected and analyzed.

Excluded (n=9)
Not meeting inclusion criteria Results showed that the surgery time and
Arolim (n=7) . . . . N .
Ssiineni i hospitalization time of the combined group
(n=1) were both significantly shorter than those of
‘“‘:::':""“ the fenestration group (P<0.05, Table II). Be-
sides, the mean blood loss and the mean dis-
cectomy volume of the combined group were
also significantly less than those of the fenes-
The fenestration The combined group .
group (n=54),in (n=55),in which tration group were (P<0.05). These results
which patients patients received PELD . .
R o G S suggested the PELD combmed‘ with ozone
fenestration surgery treatment had shorter surgery time, smaller
operative injury and shorter hospitalization
Fig. 1. The study flow chart. duration than the fenestration discectomy.
TABLE 11

COMPARISON FOR SURGERY TIME, INTRAOPERATIVE BLOOD LOSS, DISCECTOMY VOLUME
AND HOSPITALIZATION TIME BETWEEN THE TWO GROUPS.

Variables Combined group, n=55 Fenestration group, n=54 P
Surgery time, min 129.4+24.1 156.7+28.4 <0.001
Intraoperative blood loss, ml 67.3£22.6 151.4%31.9 <0.001
Discectomy volume, g 3.1x1.1 4.6x1.3 <0.001
Hospitalization time, d 11.2+3.4 17.5x4.7 <0.001
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The postoperative pain of operative
wound between the two groups was measu-
red by VAS scores at 1 h, 12 h, 24 h and 48
h after surgery. As shown in Table III, at all
the time points, the VAS scores of the combi-
ned group were significantly lower than the
fenestration group (P<0.05), showing the
postoperative pain of the operative wound
was significantly lower for PELD combined
with ozone treatment.

The recovery condition was evaluated
by VAS and JOA scores for pain condition
of lumbar and leg and ODI scores for lum-
bar dysfunction. Results showed before the
surgery; all the three indexes showed no sig-
nificant difference between the two groups.
After treatment for 1 month, the VAS and
ODI scores gradually decreased and the JOA
scores gradually increased in both groups.
However, the VAS scores and ODI scores
were both significantly lower in the combi-
ned group at all the time points after surgery

(P<0.05, Table 1V, and the JOA scores were
significantly higher in the combined group.
These results indicating the PELD combined
with ozone treatment results in better short-
term recovery for lumbar disc herniation.

At last, we compared the short-term
efficacy and postoperative complications
between the two groups at 6-month affect
surgery. As shown in Table V, the treatment
well rate (good and excellent) for combi-
ned group was significantly higher than
the fenestration group (P<0.05). However,
the complication rates for the two groups
showed no significant difference.

DISCUSSION

Low back pain, which is mainly caused
by disc herniation, is one of the most com-
mon and important clinical and public health
problems worldwide. Though several studies
have demonstrated the application of PELD

TABLE III
COMPARISON FOR POSTOPERATIVE PAIN OF OPERATIVE WOUND BETWEEN THE TWO GROUPS.
VAS scores Combined group, n=55  Fenestration group, n=54 p

1h 4.5+2.1 7.3+3.0 <0.001

12 h 3.4%+1.2 6.2+2.5 <0.001

24 h 2.6x1.0 5.6x1.9 <0.001

48 h 1.9+0.9 4.0+1.3 <0.001
TABLE IV

COMPARISON FOR RECOVERY AT 1 MONTH, 3 MONTHS AND 6 MONTHS BETWEEN
THE TWO GROUPS.

Variables 3roup Before treatment 1 mon 3 mon 6 mon
VAS Combined group 6.3x2.1 4.6x1.4%* 2.8+1.1%# 1.7+0.8%#
Fenestration group 6.5+2.3 5.5+1.6% 4.6+1.3% 3.5+1.2%
oDl Combined group 0.9+0.3 0.6+0.2%# 0.4+0.1*7# 0.2+0.1*7#
Fenestration group 0.9x0.2 0.8+0.2# 0.6x0.2% 0.5+0.2%
“ombined group 11.6+2.6 17.9+3.1%#*  21.4*3.3%* 23.6*x3.5%*
JOA Fenestration group 11.3+2.2 13.8+2.3% 15.9+2.3% 17.7+2.5%

*P<0.05, compared with the fenestration group; # P<0.05, compared with the value before surgery.
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TABLE V
COMPARISON FOR TOTAL EFFICACY AND POSTOPERATIVE COMPLICATIONS BETWEEN
THE TWO GROUPS.

Variables Combined group, n=55 Fenestration group, n=54 p
MacNab criteria, n (%) 0.018
Excellent 27 (49.1) 22 (40.7)
Good 23 (41.8) 18 (33.3)
Fair 4 (7.3) 10 (18.5)
Poor 1 (1.8) 4 (7.4)
Complications, n (%) 0.628
Limb sensory abnormalities 1(1.8) 2(3.7)
Laceration of endorachis 1(1.8) 1(1.9)

in the treatment of lumbar disc herniation,
no study has reported the efficacy of PELD
combined with ozone injection, and few stu-
dies focused on comparison between PELD
and fenestration discectomy. In the present
research, we investigated the short-term effi-
cacy of PELD combined with ozone injection
in treatment of lumbar disc herniation using
fenestration discectomy as a control.
Efficacy of PELD in lumbar disc hernia-
tion has been reported in several studies.
Yong et al studied PELD in treatment of up-
per lumbar disc herniation; results showed
the treatment well rate was 77.8% (17).
Zheng et al. (18) demonstrated PELD could
be also used in treatment of far-lateral lum-
bar disc herniations in children with an ove-
rall success rate of 91.6%). Kim et al. (19)
showed PELD could be applied comfortably
even for less-experienced surgeons for the
treatment of highly migrated disc herniation
(19). Besides, Ding et al. conducted a meta-
analysis to compare the treatment efficacy
of PELD and fenestration discectomy and
found PELD had better efficacy than fenes-
tration discectomy (20). However, in this
meta-analysis, most included studies were
reported in Chinese and published in Chine-
se journals, thus a study which has broader
influence to show the difference of PELD
and fenestration discectomy in treatment
of lumbar disc herniation is still needed. In

our research, we for the first time showed
the combination use of PELD and ozone
treatment could significantly enhance the
treatment efficacy and shorten the recovery
duration of lumbar disc herniation patients.

The application of ozone in the
treatment of lumbar disease has been also
reported in some researches. Paoloni et al.
(21) showed intramuscular oxygen-ozone
therapy could be used in the treatment of
acute back pain with lumbar disc herniation,
which was safe and effective and with minimal
invasion. Muto et al. (22) also demonstrated
oxygen-ozone therapy had high treatment
well rate for lumbar disk herniations. Gau-
tam et al. (23) reported the successful use of
the combined use of oxygen-ozone therapy
with percutancous intradiscal radiofrequen-
¢y thermocoagulation for the treatment of
lumbar disc herniation. In the present study;,
we also found the combination use of PELD
and ozone resulted in high treatment well
rate and shorter recovery duration.

The present study also has some limi-
tations. First, the study represents a small
study size with only 109 cases; second, it
is a single institution study, thus the study
population is limited; thirdly, we didn’t use
SF-36 score here to evaluate the treatment
efficiency; and last, the present study only
showed a short-term efficacy of the surgery,
the long-term efficacy is not discussed. All
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these limitations need further studies to
give more clinical evidences.

In conclusion, we conducted a rando-
mized controlled prospective study to inves-
tigate clinical efficacy of the transforaminal
percutaneous endoscopic lumbar discec-
tomy combined with ozone therapy for the
treatment of lumbar disc herniation, and
compared its short-term efficacy with fe-
nestration discectomy. Results showed that
the combination use of PELD and ozone
treatment could significantly enhance the
treatment efficacy and shorten the recovery
duration of lumbar disc herniation patients,
but didn’t influence the incidence of posto-
perative complications.
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