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Abstract
The study was to comprehensively compare the postoperative outcome and imaging parameter characters in a short/middle period
between the percutaneous endoscopic lumbar discectomy (PELD) and the internal fixation of bone graft fusion (the most common
form is posterior lumbar interbody fusion [PLIF]) for the treatment of adjacent segment lumbar disc prolapse with stable retrolisthesis
after a previous lumbar internal fixation surgery.
In this retrospective case-control study, we collected the medical records from 11 patients who received PELD operation (defined

as PELD group) for and from 13 patients who received the internal fixation of bone graft fusion of lumbar posterior vertebral lamina
decompression (defined as control group) for the treatment of the lumbar disc prolapse combined with stable retrolisthesis at
Department of Spine Surgery, the Third Hospital of Hebei Medical University (Shijiazhuang, China) fromMay 2010 to December 2015.
The operation time, the bleeding volume of perioperation, and the rehabilitation days of postoperation were compared between 2
groups. Before and after surgery at different time points, ODI, VAS index, and imaging parameters (including Taillard index, inter-
vertebral height, sagittal dislocation, and forward bending angle of lumbar vertebrae) were compared.
The average operation time, the blooding volume, and the rehabilitation days of postoperation were significantly less in PELD than

in control group. The ODI and VAS index in PELD group showed a significantly immediate improving on the same day after the
surgery. However, Taillard index, intervertebral height, sagittal dislocation in control group showed an immediate improving after
surgery, but no changes in PELD group till 12-month after surgery. The forward bending angle of lumbar vertebrae was significantly
increased and decreased in PELD and in control group, respectively.
PELD operation was superior in terms of operation time, bleeding volume, recovery period, and financial support, if compared with

lumbar internal fixation operation. Radiographic parameters reflect lumber structure changes, which could be observed immediately after
surgery in both methods; however, the recoveries on nerve function and pain relief required a longer time, especially after PLIF operation.

Abbreviations: ASDP= adjacent segment disc prolapse, CT = computed tomography, MRI =magnetic resonance imaging, ODI
=Oswestry Disability Index, PELD = percutaneous endoscopic lumbar discectomy, PLIF= posterior lumbar interbody fusion, VAS =
Visual Analogue Scale.
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1. Introduction

Posterior lumbar interbody fusion (PLIF) used to be a widely
employed approach for treating lumbar disc herniation and low
back pain caused with intervertebral disc source, but adjacent
segment disc prolapse (ASDP) is a long-term complication after a
previous surgery of lumbar fusion and internal fixation or
PLIF.[1–3] Whether there is only a simple adjacent segment
herniation or degeneration, leading to the subsequent lumbar
stenosis, may not cause the severe clinical manifestations.
However, whether there is the stable retrolisthesis of the merged
segmental lumbar vertebra, which leads to the lumbar interver-
tebral foramen further stenosis, would cause the severe nerve
damage that results in the pain on back and legs and the
movement difficulty. Traditional treatment for ASDP is to
perform a secondary surgery (repeated open surgery), including
the bone graft fusion and internal fixation of lumbar posterior
vertebral lamina decompression (such as posterior lumbar
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interbody fusion, PLIF). Internal fixation usually immobilizes
the spine with implants such as metallic screws and rods/plates, or
interbody cages, leading to the bony bridge healing across the 2
vertebrae. However, repeated open surgery of internal fixation
has been associated with complications, such as tissue scarring
and adjacent segment degeneration caused with further damage
to the vertebral shift.[5,6] An alternative approach is percutaneous
endoscopic lumbar discectomy (PELD), which is operated
through intact tissue and can reduce the repeated damage to
the posterior and para-spinal structures,[7–10] and is, therefore, a
kind of minimal trauma surgery. Although the advantage of
PELD has been studied, including pain relief, less damage to
ligamentous structures, faster rehabilitation, and shorter hospital
stay, more studies of PELD on the basis of clinical experience,
indications, long-term postoperative effects and complications,
and technique improvement need to be widely investigated.[11–13]

Radiography is a noninvasive and convenient way to monitor
the adjacent segment disc changes on a short/middle-term basis
after PELD or PLIF operation. The short/middle-term radio-
graphic changes may predict a long-term prognosis. However,
fewer reports showed the clinical outcome of PELD combined
with its corresponding radio-imaging. Moreover, the focused
study content varied from one to another.[14] Thus, details on the
clinical outcomes of any operation and its corresponding
radiographic parameter changes need to be widely studied to
obtain a comprehensive and profound understanding on both
PELD and PLIF operation. To this aim, we comprehensively
compare the post-operative clinical outcome and imaging
characters between PELD and PLIF for the treatment of adjacent
segment lumbar disc protrusion with stable retrolisthesis after a
previous lumbar internal fixation operation.
Figure 1. MRI of lateral position taken preoperatively showed a stable
retrolisthesis of lumbar 3 after a previous internal fixation. Patient was a male,
50 years old. Arrow pointed the L3 retrolisthesis. MRI = magnetic resonance
imaging.
2. Patients and methods

2.1. Patients

In this retrospective case-control study, we analyzed the medical
records of 24 patients who received the secondary surgery on
lumbar spine at Department of Spine Surgery, the Third Hospital
of Hebei Medical University (Shijiazhuang, China) from May
2010 to December 2015. Each patient had received a previous
lumbar internal fixation at our or other hospitals. All patients
were diagnosed as adjacent segment lumbar disc prolapse, and
stable retrolisthesis. Eleven patients received PELD operation
(defined as PELD group) and 13 patients received the internal
fixation of bone graft fusion of lumbar posterior vertebral lamina
decompression (defined as control group).
The eligible criteria of patients’ grouping and of the records

selection for the study were as follows. The inclusion criteria were
for the patients with the nerve root pain on unilateral low
extremity, and intermittent claudication; severer pain in the leg
than in the lower back; poor prognosis with previously conserved
treatment; adjacent segment lumbar disc protrusion and stable
retrolisthesis after a previous lumbar internal fixation; consis-
tence of the symptoms, physical signs, and radiography
examination (Figs. 1 and 2), completed12-month follow-up
record. Exclusion criteria were for patients with lumbar disc
protrusionwithout stable retrolisthesis; and/or with cauda equine
syndrome; and/or with nonobvious single sided leg pain; and/or
with infection, tumor, or fracture; and/or with no possibility to
complete follow-up; who cannot tolerate surgery because of
dysfunction in hematopoiesis or blot clotting, or severe
cardiovascular diseases.
2

2.2. Surgery procedures

For all the patients in the study, the lumbar segments were
carefully examined by spine surgeons and by radiologists with
computed tomography (CT) and magnetic resonance imaging
(MRI) to identify the location that trigger the pain. The example
(Figs. 1 and 2) showed a stable retrolisthesis of lumbar 3 after
previous internal fixation, which was taken preoperatively. All
surgeries were operated by 2 senior and experienced spine
surgeons (Dr YS and Dr WZ). Patients in PELD group received
the local anesthesia and the decompression of nucleus pulposus
removal via nerve root hole expanded under the C arm X-ray
perspective machine was performed: establishing a posterolateral
work approach via the intervertebral foramen with TESSYE
technology (Fig. 3A); puncture positioning was guided under the
C arm X-ray perspective machine (C Arm X-ray Perspective
Machine-SIREMOBIL Compact L, Siemens Shanghai Medical
Equipment Ltd; Shanghai, China) step by step, parts of the bone
on the ventral and the cuspidate articular process were abraded
with an abrasive drilling, the intervertebral foramen was
expanded to form a passageway, and nerve-root was decom-
pressed; the protruded nucleus pulposus in the spinal canal was
removed with a nucleus pulposus clamp through the passageway
(Fig. 3B and C); the compressed epidural and the nerve
root adhesion were released, salient fiber ring was ablated with



Figure 2. Before PELD operation, X-ray imaging of lateral position showed the
3 inserted screws in L4-S1 from a previous PLIF operation, and the arrow
showed the stable retrolisthesis at L3 from same patient in Figure 1. PELD =
percutaneous endoscopic lumbar discectomy, PLIF = posterior lumbar
interbody fusion.
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radio-frequency electrode (Fig. 3D), and bleeding was stopped;
after the compression from the nerve root and the spinal cord
were completely removed (Fig. 4), the epidural throb could be
immediately observed; we then asked the patients to raise the leg
straight for testing; no protruded nucleus pulposus tissue and no
active bleeding were confirmed with adjusting the different
directions of detection, the passageway was pulled out and the
incision was sutured.
Local anesthesia: Kirschner wire was placed on the surface of

the skin, the perspective was done in the anteroposterior position
and in the lateral position of a patient under C arm X-ray
3

perspective machine to identify the puncture position via the
metal needle position. Then, infiltration anesthesia with 0.5% of
lidocaine was injected into the skin and subcutaneous tissues
of puncture points. If a patient was sensitive to the pain, some of
0.5% lidocaine was injected into deep soft tissue via a long
syringe needle to strengthen anesthesia effect.
For patients in control group, patients were in prone position,

and received general anesthesia (inhalation) with mechanical
ventilation (that is the endotracheal intubation). The originally
surgical scar and the subcutaneous scar tissue on the back middle
of lumbar region were incised (cautions: because the rear
vertebral lamina had been removed in a previous surgery, we
should be extra careful when operative field was revealed to avoid
the cerebrospinal fluid leakage by dura damage); all previously
inserted nuts, screw rods, and pedicle screws were removed out,
adjacent impaired segments were exposed, and pedicle screws
were inserted again; similar to the previous surgery: excising the
spines and lamina, exposing the dura and the nerve root,
separating the tissue adhesion; the nerve roots were protected
with brain cotton slices, the dura was protected and taken away
with a nerve retractor; fiber ring was excised, nucleus pulposus in
the damaged intervertebral disc was removed with a nucleus
pulposus clamp, the cartilage endplate was resectioned, then a
bone graft was implanted into intervertebral space, and a right
size of cage (intervertebral fusion, which was filled with
autologous bone block) was inserted; the brain cotton slices
were taken out, bleeding was flushed, the same side screw was
connected with screw rods, drainage tube was placed after
stitching; spontaneous breathing in patients was restored, when
all vital signs were stable, the endotracheal intubation was
removed.
2.3. Evaluation of postoperative outcome and radiography

Postoperative improvements of clinical symptoms and radiogra-
phy were evaluated on the same day of operation, and at 3- and
12-month follow-up. The contents included X-ray examination
of lumbar instability with Flexion-Extension Position of antero/
posterior and lateral position film, MRI image for lumbar
stability determination. TheOswestry Disability Index (ODI) was
important for measuring degree of disability and estimating
quality of life in a person with low back pain. The Visual
Analogue Scale (VAS) for pain evaluation, measurement of
lumbar spinal motion, and other clinical evidence was also
examined and recorded.
All the imaging data and clinical records were discussed by 5

experienced surgeons and radiologists.
2.4. Data analysis

Qualitative data were present as frequency (%), quantitative data
were present as mean± standard deviation. Comparisons of
qualitative data between 2 groups were analyzed with the Fisher
exact probability method, and comparisons of quantitative data
between 2 groups were analyzed with t test when data following
the normal distribution, otherwise, with Wilcoxon 2 sample test
when the data un-following the normal distribution. Repetitive
measure analysis of variance was used at different time points for
preoperative and postoperative indexes between groups. At each
time, paired t test or Wilcoxon signed rank test was used for
comparisons before and after operation. However, multivariate
analysis for predicting and sensitivity analyses were not applied in
the study because of the small size of the samples and no variables
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Figure 3. The procedure of PELD operation. A, Establishing a work channel on patient’s posterolateral position. B, Operation field under the endoscopy. C,
Nucleus pulposus clamp. D, Radio-frequency electrode.
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of missing value. All data were analyzed with statistical software
SAS9.3. P value less than .05 was considered significant.
3. Results

There were 13 male and 11 female of the 24 patients with mean
age of 56.5 (range from 32 to 73) years old. There were 9 cases
with merger of L4-S1, leading to L3-L4 disc herniation and
prolapse; 7 cases with merger L4-L5, leading to L3-L4 disc
herniation and prolapse; 6 cases with merger L5-S1, leading to
L4-L5 disc herniation and prolapse; and 2 cases with merger L3-
L5, leading to L2-L3disc herniation and prolapse.
Figure 4. Fluoroscopic image was taken intraoperatively: removing disc in the
process of PELD.
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The apparent characteristics shown in Table 1 were shorter
operation time, less bleeding loss in perioperation, and faster
postoperative recovery in PELD than in control group (103.6±9.2
vs 181.2±22.8min; 62.3±9.6 vs 766.2±103.7mL; 1.3±0.4 vs 8
±2.3 days; respectively, all P< .01). Patients in PELD group also
spent significantly less days (4.9±0.8 vs 14.2±1.3 days) and
corresponding cost (2.8±0.1 vs 5.6±0.8 <10K, respectively, all
P< .01) in hospitalization, approximately 1/3 of hospital stay and
about half of the cost compared with the control group (Table 1).
The ODI and VAS index were utilized to evaluate the surgery

results. There are 3 apparent characteristics observed in Table 2.
First, the improvements on both ODI and VAS index were,
indeed, obtained at any time point after surgery in both groups.
Second, at each time point, the improvements on ODI and VAS
index were better in PELD than in Control group. Finally, the
maximal recovery on ODI was obtained on the same day after
surgery only in PELD group. For example, ODI index was
significantly reduced from preoperative 62.9±12.9 to postoper-
ative 10.1±6.0% in PELD group, while from preoperative 67.1
±12.6 to postoperative 34.2±10.6 in control group.
Table 1

Comparisons of basic information between 2 groups.

Variables Control group
(n=13)

PELD group
(n=11) P

Male, n (%) 7 (53.85) 6 (54.55) 1.000
Age, y, mean± sd 58.08±11.30 54.91±8.28 .449
Bleeding, mL, mean± sd 766.15±103.65 62.27±9.58 <.001
Operation time, min, mean± sd 181.15±22.84 103.64±9.24 <.001
Recovering days needed to walk
on floor after surgery, mean± sd

8±2.27 1.23±0.41 <.001

Hospital stay, d, mean± sd 14.15±1.28 4.91±0.83 <.001
Cost (<10 K), mean± sd 5.62±0.79 2.78±0.13 <.001

PELD = percutaneous endoscopic lumbar discectomy.
The significance of the bold values in the tables was used to highlight that P value was less than .05
and was considered that differences between the two groups were significant.



Table 2

Pre- and postoperation VAS and ODI index (mean±sd).

Time point Control group (n=13) PELD group (n=11) P†

ODI (%) Preoperation 67.08±12.56 62.91±12.91 .432
Same day of surgery 34.15±10.57a 10.91±6.02a <.001
3-mo postsurgery 24.46±12.57ab 10.91±6.02a .003
12-mo postsurgery 18.62±11.18abc 10.91±6.02a .045
P
∗

<0.001 <0.001
VAS index Preoperation 7.69±0.75 7.73±0.79 .950

Same day of surgery 5.0±0.82a 2.09±1.04a <.001
3-mo postsurgery 4.0±0.82ab 1.36±0.92a .002
12-mo postsurgery 2.08±1.26abc 0.73±0.47a <.001
P
∗

<0.001 <0.001

ODI = Oswestry Disability Index, VAS = Visual Analogue Scale.
∗
Time point comparison within group.

† Comparison between 2 groups. a: compared with preoperation, P< .05; b: compared with same day of surgery, P< .05; c: compared with 3-month postsurgery, P< .05.
The significance of the bold values in the tables was used to highlight that P value was less than .05 and was considered that differences between the two groups were significant.
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However, the radiography parameters after surgery neither
showed the consistent improvement patterns with the ODI and
VAS index, nor showed any similarity between 2 groups at any
follow-up time point. The Taillard index inter-vertebral height,
and the sagittal dislocation were significantly improved after
surgery in control group (Taillard index: preoperative 10.02±
1.61 vs immediately postoperative 1.08±1.2%; intervertebral
height: preoperative 9.65±0.8 vs immediately postoperative
11.62±1.0mm; sagittal dislocation:preoperative 3.51±0.56 vs
immediately postoperative 0.38±0.4mm in control group,
respectively; all P< .01), but no changes in PELD group on
the same day after operation, and at 3- and 12-month
postoperation, if compared with preoperation (Table 3). The
forward bending angle of lumbar vertebrae was significantly
increased in PELD group but was significantly deceased in control
group at each time point when compared with preoperation
(Table 3). The apparent character of imaging parameter changes
Table 3

Radiographic parameter changes between 2 groups (mean±sd).

Time point

Taillard index (%) Preoperation
Same day of surgery
3-mo postsurgery
12-mo postsurgery
Pb

Intervertebral height (mm) Preoperation
The day of surgery
3-mo postsurgery
12-mo postsurgery
Pb

Sagittal dislocation (mm) Preoperation
same day of surgery
3-mo postsurgery
12-mo postsurgery
Pb

Forward bending angle of lumbar vertebrae (degree) Preoperation
Same day of surgery
3-mo postsurgery
12-mo postsurgery
Pb

a: compared with preoperation, P< .05; b: time point comparison within group; c: comparison betwee
The significance of the bold values in the tables was used to highlight that P value was less than .05
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was that the changes could be obtained immediately on the same
day after operation, then there were the tiny changes till 12-
month postoperation (Table 3).

4. Discussion

Our result showed the apparent advantages of the shorter
operation time, less blood losing, and faster recovery in
perioperation in patients of PELD group compared with patients
of control group, the results were consistent with literature
reports.[11–13] It could be explained that smaller surgical incision
and field of PELD operation reduced injury for surrounding
tissues, leading to the less bleeding and faster recovery. The faster
recovery further shortened the hospitalization days and reduced
the financial burden of the patients.
TheODI is currently considered the gold standard formeasuring

degree of disability and estimating quality of life in a person with
Control group (n=13) PELD group (n=11) Pc

10.02±1.61 10.26±1.88 .705
1.08±1.2a 10.32±1.88 <.001
1.03±1.15a 10.31±1.73 <.001
1.04±1.18a 10.38±1.66 <.001
<0.001 0.623

9.65±0.8 9.31±0.84 .245
11.62±1.00a 9.22±0.84 <.001
11.54±1.02a 9.22±0.81 <.001
11.43±0.98a 9.20±0.85 <.001

<0.001 0.022
3.51±0.56 3.6±0.65 .466
0.38±0.42a 3.61±0.66 <.001
0.36±0.41a 3.61±0.6 <.001

0. 0.36±0.41a 3.64±0.58 <.001
<0.001 0.659

61.15±8.45 61.36±8.09 .951
55.0±8.16a 65.18±8.49a .007
54.23±8.86a 65.18±8.49a .006
54.38±8.31a 66.18±9.09a .003

0.001 <0.001

n 2 groups.
and was considered that differences between the two groups were significant.
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low back pain and lumbar disc herniation ; the higher the
percentage of ODI, the severer the dysfunction. The average ODI
percentage was sharply decreased about 82.7% in PELD group,
and 49.1% in control group on the same day after operation
(Table 2); close to the report of decreased 79.7% in PELD and
69.4% in OLD group (open lumber micro discectomy),[12]

different with the report of decreased about 50% in PELD, about
48% inOLD group at 6-month postoperative.[11] VAS score is the
evaluation for the pain [16]; the higher the scores, the severer the
pain. A similar pattern of VAS improvement was observed in both
groups, which meant the decreased VAS scores required a period
time; but the decreased pain was always more significant in PELD
than in control group (Table 2). Ahn et al[11] reported similar
results. Choi et al reported that the pain relief degree on back was
better in PELD than in OLF group, but on legs was the same
between 2 groups.[12]

The change patterns of radiography were not consistent with
change patterns of ODL and VAS scores in both groups. For
control group, the decreases on Taillard index and sagittal
dislocation, and increase on intervertebral height after PLIF were
the inevitable consequences, because PLIF operation recon-
structed the preoperative impaired lumbers to restore to normal
lumber structure. The decrease in the forward bending angle of
lumbar vertebrae was also an expected consequence because
PLIF sacrificed the segment joint activities, in which the
segmental fusion after surgery limited the segmental activities.
Further, the formed scar tissue limited the segmental activities,
theoretically, resulting in the decrease of forward bending angle
of lumbar.
Theoretically, PELD does not improve Taillard index, sagittal

displacement, lumbar intervertebral height, and forward bending
angle of lumbar vertebrae. However, because of the removal of
nucleus pulposus, intervertebral height might be lost/reduced, a
slight increasemayalsoappear in sagittal displacement, andTaillard
index and the mobility of intervertebral body may be increased
slightly or unchanged. The results of the imaging parameters in this
were well consistent with the theoretic speculation.
There are several limitations of the current study, including a

small sample size and relatively short-term follow-up. Of note,
recurrence after successful micro-endoscopic discectomy has
been reported.[10,17] Long-term follow-up is important to observe
complications, and potential recurrence of adjacent segment
lumbar disc protrusion and stable retrolisthesis postoperations.
Not each patient will benefit from the same procedure.[18] Studies
to predict what can be expected, and who is most likely to benefit
are needed for a personalized surgical procedure. Future studies
with larger samples and long-term follow-up are needed, to
further examine the benefits of PELD over open lumbar surgery.
In conclusion, PELD operation was superior in terms of

operation time, bleeding volume, recovery period, and financial
support, if compared with lumbar internal fixation operation.
Radiographic parameters reflect lumber structure changes, which
6

could be observed immediately after surgery in both methods;
however, the recoveries on nerve function and pain relief required
a longer time, especially after PLIF operation.
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