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Abstract
The aim of this study is to observe the therapeutic effect of percutaneous endoscopic discectomy and its influencing factors for
lumbar disc herniation and compare the advantages and disadvantages of transforaminal and interlaminar of percutaneous
endoscopy.
Data from 143 patients with lumbar disc herniation were respectively collected, including demographic and clinical data. Study

population were divided into curative effect group and poor curative effect group, and logistic regression was used to explore the
influencing factors of curative effect. The operation data and pre-and post-operation scores were compared to explore the effect of
transforaminal and interlaminar approach on surgery efficacy.
The rate of curative effect was 93.7%. 120 patients were classified as curative group and 23 patients were categorized as poor

effective group. Univariate analysis found that the patients in the curative effect group tended to receive the interlaminar approach
(58.3% vs 34.8%, P= .038). Multivariate logistic regression did not find operation approach was not related to curative effect of
operation (transforaminal and interlaminar). But age ≥45 (odd risk (OR)=6.43, P= .016), course of disease >12 month (OR=3.77,
P= .003), back and leg pain (OR=3.46, P= .026), history of trauma (OR=3.88, P= .014), Pfirrmann level IV (OR=4.84, P= .004),
and pre-Visual Analogue Scale (VAS)<5.3 (OR=3.63, P= .015) were associated with operation efficacy. Compared with
transforaminal group, the interlaminar group has less operative time (P= .000), less fluoroscopy time (P= .000), less puncture time
(P= .000), less blood loss (P= .011).
The transforaminal or interlaminar did not affect the treatment efficacy of percutaneous endoscopic discectomy for lumbar disc

herniation. The selection of surgery approach depended on anatomical structure and physiological characteristics. It should be noted
that 45 years of age or older, in the course of more than 12 months, both lumbocrural pain and lumbar disc herniation with grade IV,
with history of trauma, may have impact on the efficacy of surgery.

Abbreviations: CI = confidence interval, JOA = Japanese Orthopedic Association, ODI = Oswestry Disability Index, OR = odd
risk, VAS = Visual Analog Scale.
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1. Introduction

With the rapid development of medical science, much attention
has recently been given to surgical techniques that result in less
trauma, faster postoperative rehabilitation, and lower postoper-
ative bedrest requirements.[1] With the increasing prevalence of
lumbar spine injuries and cervical spondylosis, and the inability
of simple surgical treatment to achieve the above outcomes in the
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case of spinal surgery, there is a clear demand for greater
refinement of surgical techniques to treat problems of the back
and neck. After half a century of continuous development,[2] open
surgery has reached the limits of its possible refinement.
Traditional open surgery carries a high risk of complications,
including severe trauma, excessive bleeding, severe postoperative
pain, and intraoperative low back muscle injury, and it requires
extensive soft tissue stripping. These complications can lead to
chronic low back pain due to soft tissue injury.[3] Recently
developed minimally invasive surgical techniques have obvious
advantages over traditional surgical methods: they entail less
trauma, reduced intraoperative blood loss, soft tissue injury, and
postoperative pain, and faster recovery time. Minimally invasive
techniques have been applied in spinal surgery for a number of
years.[4,5] In the early stage, doctors invented the small window
technique, based on open surgery. This had obvious advantages
over open surgery but was rapidly surpassed by other surgical
microscopy techniques. With the wide application of endoscopic
systems in surgical fields, spinal endoscopic surgery has come to
be the standard procedure in clinical practice.[6]

Lumbar disc degenerative diseases (DDDs) are extremely
common in the current era. They include lumbar disc herniation,
lumbar spinal stenosis, lumbar degenerative spondylolisthesis,
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lumbar discogenic low back pain, lumbar spondylolysis, and
lumbar degenerative scoliosis (DS), among others.[7] Lumbar disc
herniation is the most common and complicated type of DDD.
Minimally invasive treatments for lumbar disc herniation include
non-surgical intervention, endoscopic surgery, and open sur-
gery.[8] Currently, the main types of minimally invasive surgeries
used for treating lower lumbar DDDs include laparoscopic
anterior lumbar fusion surgery (anterior lumbar intervertebrae
fusion [ALIF]), axial lumbar fusion (AxiaLIF), lumbar artificial
disc replacement surgery (lumbar disc arthroplasty [LDA]), lateral
percutaneous endoscopic lumbar discectomy (PLED), direct
lumbar inter-vertebrae fusion (DLIF), posterior lumbardiscectomy
(microendoscopic discectomy [MED]), and full-endoscopic lum-
bar-discectomy (FLD).[9] The lateral percutaneous endoscopic
lumbar discectomy combines YESS and TYSYSS technology. The
aim of this study is to examine the therapeutic efficacy of
percutaneous endoscopic discectomy, and the factors influencing
its effectiveness in treating lumbar disc herniation and to compare
the advantages and disadvantages of the transforaminal and
interlaminar approaches in percutaneous endoscopy.
2. Materials and methods

2.1. Study population

We retrospectively collected clinical data on 143 patients with
lumbar disc herniation who underwent interlaminar or trans-
foraminal percutaneous endoscopic discectomy in our hospital
between November 2014 and July 2016. All patients had typical
back pain, leg pain, or both, andwere diagnosedwith lumbar disc
herniation, which was confirmed by imaging. This study was
approved by the Institutional Review Board of The Affiliated
Changzhou No. 2 Hospital of Nanjing Medical University.
2.2. Criteria for inclusion and exclusion

Patients included in the study met the following criteria:
(1)
 definitively diagnosed with lumbar disc herniation in
accordance with the accepted diagnostic definition;
no evident benefits within 3 months of non-operative
(2)

treatment, including physiotherapy, therapeutic traction,
and medication; and
obvious symptoms accompanied by back and/or leg pain.
(3)
Patients were excluded if:

(1) they did not meet the above inclusion criteria;

(2)
 they had a history of operation on the same lumbar vertebral
segment;
there was adhesion between the thecal sac and spinal nerve
(3)

roots;
back and/or leg pain were caused by non-lumbar disc
(4)

herniation;
disc herniation was accompanied by lumbar instability or
(5)

slippage;
spinal tumor infection or tuberculosis were present; or
(6)

(7)
 skin damage and/or ulcers occurred at the puncture site after

surgery.

2.3. Operative procedure

Patients were given basal anesthesia plus a local infiltration
anesthesia and requested to assume a lateral position. The
2

physician marked the midline of the lumbar spine and the vertical
line under a C-arm X-ray machine. The puncture was made at a
15° angle with the central line as the starting point. The distance
from midline to puncture point was 6 to 8cm for L2-L3, 8 to 10
cm for L3-L4, and 12 to 14cm for L4-5 and L5-S1. The puncture
needle entered the lumbar disc via either a transforaminal or
interlaminar approach, creating an incision 0.7cm wide in the
skin. Dilation tubes and casing pipes were inserted into the path
made by the needle. The height and depth of the insertions were
confirmed by C-armmachine fluoroscopy.Methylene blue (1mL)
was injected into the lumbar disc to stain the nucleus pulposus.
Tissue pieces were cleared from around the operation field. The
surgeon located and completely removed the nucleus pulposus
and cleaned up any remnants. The thecal sac was then
decompressed, the operation area was repeatedly rinsed with
saline, and the surgeon closed the incision.
2.4. Data collection

Wecollected the following data oneach subject: age, gender, course
of disease, history of trauma, mode of work (sedentary vs active),
location of surgery, symptom type, Lee level, Pfirrmann level, type
of nucleus pulposus (central vs other types), operative approach
(transforaminal vs interlaminar), and preoperative visual analog
scale (VAS) pain, Oswestry Disability Index (ODI), and Japanese
Orthopedic Association (JOA) scores. The operation parameters
included operative time, fluoroscopy time, puncture time, volume
of blood loss, postoperative bedrest time, postoperative time to
discharge, and VAS, ODI, and JOA after operation.[10]
2.5. Assessment of efficacy

Operation outcomes were rated according to modified MacNab
criteria as “best” (patient totally symptom-free, able to resume
normal life and work), “better” (slight symptoms remain, activity
slightly limited, no effect on life and work[11]), “good” (some
symptom relief, activity significantly limited, life and work
affected) or “bad” (post-operation symptoms the same or worse
as pre-operation symptoms).
2.6. Statistical analysis

All analyses were performed using SPSS Statistics software (ver.
21.0;SPSS Inc., Chicago, IL). Quantitative data are expressed as
mean± standard deviation. Student t test was used for compar-
isons between 2 groups. For quantitative data with a non-normal
distribution, we provide the median and range and used a non-
parametric test for the analysis. Qualitative data are expressed as
count and percentage and were evaluated by chi-square test.
Cases with outcomes of “best” or “better” were included in the
“curative effect” group, while those with outcomes of “good” or
“bad” were classed as “noncurative effect.” We conducted
multivariate logistic regression with bidirectional elimination to
identify factors that influenced surgical effectiveness. We
conducted multivariate logistic regression to identify the
influence factors of effect by bidirectional elimination. Logistic
regression model includes the following variables: age, gender,
course of disease, mode of work, location of surgery, symptoms,
Pfirrmann level, type of nucleus pulposus, pre-VAS, ODI, and
JOA, and operation approach (transforaminal vs interlaminar).
Post-operation scores on the above-described instruments were
used to compare the relative efficacy of transforaminal and
interlaminar approaches for percutaneous endoscopic interlami-
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nar discectomy to treat lumbar disc herniation. The threshold for
significance was set at P< .05.
3. Results

3.1. General characteristics of the study population

We enrolled 143 patients with lumbar disc herniation who
underwent percutaneous endoscopic discectomy; 54 were male
and 89were female. Themean age of patients was 45.4 years. The
disease course ranged from 2 to 16 months, and 22 (15.4%)
patients had a history of trauma. The transforaminal approach
was used in 65 patients, and the interlaminar approach was used
in 78 patients. Mean preoperative VAS, ODI, and JOA scores
were 6.5±1.8, 53.0±16.5, and 16.0±5.7, respectively. The
mean operative time was 94.5 minutes, and the mean blood loss
was 23.6 ml. According to the MacNab criteria, 59 surgeries
resulted in “best” outcomes, 61 in “better” outcomes, 14 in
“good” outcomes, and 9 in “bad” outcomes. The rate of surgical
effectiveness was 93.7%, meaning that 120 surgeries were
classified as curative and 23 as noncurative.

3.2. Comparison of general characteristics between the
curative and noncurative surgery groups

The results of a comparison of patient parameters between the
curative and noncurative groups are presented in Table 1. There
Table 1

Comparisons of general characteristics between curative and poor c

Parameters Curative effect (n=120)

Gender, male/female 45/75
Age, year 45.2±12.1
Course of disease 5 (2–17)
History of trauma (yes) 15/105
Mode of work
Sedentary or long standing 13 (10.8%)
Free type 52 (43.4%)
Physical work 55 (45.8%)

Location of surgery
L2–4 11 (9.2%)
L3–4 14 (11.7%)
L4–5 60 (50.0%)
L5-S1 35 (29.1%)

Symptoms
Backache 46 (38.3%)
Leg pain 49 (15.8%)
Both 25 (20.8%)

Lee level
2 40 (33.3%)
3 61 (5.8%)
4 19 (15.8%)

Pfirrmann level
II 10 (8.3%)
III 78 (65.0%)
IV 33 (27.5%)

Type of nucleus pulposus
Central 95 (79.2%)
Others 25 (20.8%)

Operation approach
Transforaminal 50 (41.7%)
Interlaminar 70 (58.3%)

Pre-VAS 6.8±2.1
Pre-ODI 51.7±15.4
Pre-JOA 16.4±4.6

3

were no significant differences between the 2 groups in age
(P= .883), gender (P= .720), modes of work (P= .136), location
of surgery (P= .894), Lee level (P= .433), or type of nucleus
pulposus (P= .059). Compared with patients in the noncurative
group, the curative group had a shorter course of disease
(P= .008) and lower levels of back/leg pain (P< .001). The ratio
of patients with a Pfirrmann level of IV was higher in the
noncurative group than in the curative group (P= .018).
Preoperative VAS pain, ODI, and JOA scores were better in
the curative group than in the noncurative group (P= .000,
P= .025, P= .027). The patients in the curative group were more
likely to have undergone the interlaminar approach (58.3% vs
34.8%, P= .038).
3.3. Multivariate logistic regression of operation efficacy

A stepwise logistic regression was conducted (Table 2) and
confounding factors were adjusted for in the regression analysis
(age, gender, course of disease, history of trauma, mode of work,
location of surgery, symptoms, Lee level, Pfirrmann level, type of
nucleus pulposus, operative approach, pre-VAS, pre-ODI, pre-
JOA). A multivariate logistic regression indicated that age ≥45
years (odd risk (OR)=6.43, 95% confidence interval (CI): 1.38–
23.80, P= .016), course of disease>12 months (OR=3.77, 95%
CI: 1.68–7.73, P= .003), presence of both back and leg pain
(OR=3.46, 95% CI: 1.18–5.39, P= .026), history of trauma
urative effect group.

Poor curative effect (n=23) t/x2/u P

9/14 0.0201 .883
46.3±13.7 �0.359 .720
6 (3–16) 7.451 .008

7/16 4.769 .029
3.985 .136

7 (30.4%)
8 (34.8%)
8 (34.8%)

1.103 .894
11 (47.8%)
3 (13.0%)
4 (17.4%)
5 (21.7%)

31.197 <.001
3 (13.0%)
4 (17.4%)
16 (69.6%)

1.674 .433
5 (21.7%)
15 (65.2%)
3 (13.0%)

8.031 .018
2 (8.7%)
8 (34.8%)
13 (56.8%)

14 (60.9%) 3.565 .059
9 (39.1%)

4.317 .038
15 (65.2%)
8 (34.8%)
4.7±1.5 5.736 .000
59.8±17.4 2.262 .025
13.9±6.4 �2.230 .027

http://www.md-journal.com


Table 2

logistic analysis affecting curative effect after surgery.

Parameters Beta SE OR 95% CI P

Age ≥45 1.861 0.032 6.43 1.38–23.80 .016
course of disease >12 1.352 0.827 3.77 1.68–7.73 .003
Both back and leg pain 1.241 0.045 3.46 1.18–5.39 .026
History of trauma 1.357 0.052 3.88 2.01–5.37 .014
Pfirrmann level IV 1.578 0.431 4.84 3.68–7.48 .004
Pre-VAS <5.3 1.213 0.641 3.63 2.17–7.16 .015
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(OR=3.88, 95% CI: 2.01–5.37, P= .014), Pfirrmann level of IV
(OR=4.84, 95% CI: 3.68–7.48, P= .004) and a preoperative
VAS pain score<5.3 (OR=3.63, 95% CI: 2.17–7.16, P= .015)
were all associated with lower operation efficacy. The operative
approach (transforaminal or interlaminar) was not related to the
efficacy of the operation.
3.4. Assessment of operation efficacy in transforaminal
and interlaminar approaches

As shown in Table 3, the preoperative VAS, ODI, and JOA scores
of the transforaminal and interlaminar groups were equivalent (P
>.05). No significant differences were observed in the post-
operative scores of the transforaminal and interlaminar groups
on these 3 indices (P>.05). However, in both groups, VAS pain
and ODI scores were higher before than after surgery (P<.05).
Table 4 gives the results of comparisons of intraoperative

parameters between the transforaminal and interlaminar
approaches. Compared with the transforaminal group, the
interlaminar group had shorter operative (P= .000), fluoroscopy
(P= .000), and puncture times (P= .000), and less blood loss
(P= .011). No significant differences were observed in bedrest
time (P= .714) or postoperative time to discharge (P= .438).
4. Discussion

The results of this study indicate that age (45 years or older),
length of disease (more than 12months), presence of lumbocrural
Table 3

Comparisons of efficacy after operation between transforaminal and

Transforaminal

Index Pre-operation 6-month after operatio

VAS 4.7±1.5
∗

1.6±1.1
∗∗

ODI 51.7±15.4
∗

13.2±5.9
∗∗

JOA 15.1±4.6
∗

26.7±2.9
∗∗

∗
P>.05 for pre-operation.

∗∗
P>.05 for post-operation.

Table 4

Comparisons of parameters during operation between transforamina

Parameters Transforaminal (n=68)

Operative time, n 105±14.3
Fluoroscopy time, n 18.4±3.2
Puncture time, n 5.1±1.0
Blood loss, mL 25.3±5.1
Bedrest time for postoperative, h 12.0±1.1
Period from operation to discharge, d 4.0±1.2

4

pain, degree of lumbar disc herniation (Pfirrmann level IV), and a
history of trauma all have negative effects on the efficacy of
percutaneous endoscopic interlaminar discectomy in patients
with lumbar disc herniation. We found no difference in
effectiveness between the transforaminal and interlaminar
approaches. However, operative time, fluoroscopy time, punc-
ture time, and blood loss were all lower in the interlaminar group.
We first explored independent and related factors affecting the

clinical efficacy of transforaminal percutaneous endoscopic
lumbar discectomy for lumbar disc herniation. Our results
indicated that age was independently associated with clinical
efficacy. The incidence of degenerative disc disease is closely
related to age;[12] intervertebral disc degradation is far more
likely after the age of 45 years and is often accompanied by
lumbar stenosis, intervertebral joint hyperplasia, nerve root
adhesion, and local pathological changes.[13] These changes
render surgery extremely difficult. Xu et al reported that lumbar
disc surgery is more effective in patients under 45 years old than
in those aged 45 years or above, a finding that concurs with the
results of this study.[14] A history of trauma influenced surgical
efficacy in the same manner as age. Intervertebral disc
degradation also increases with age. Theoretically, the higher
the Pfirrmann level, the more difficult surgery is to perform.[15,16]

Our results showed that the proportion of patients with a
Pfirrmann level of IVwas significantly lower in the curative group
than in the noncurative group. Logistic regression suggested that
a Pfirmmann score of IV was an independent factor related to
surgical efficacy. Manchinkanti reported that a longer history of
disease usually predicts greater latency to functional recovery and
lower surgical efficacy.[17] He suggested that surgery is most
effective when performed after symptoms have been present for
less than 6 months, as the degree of lumbar disc degeneration and
nerve injury are still limited at that time. Patients with a disease
course of more than 12 months had severely damaged lumbar
discs, limiting the effectiveness of surgery. Similarly, we found
that patients with a disease course of 12 months or more before
surgery were less likely to show optimal surgical outcomes than
those whose disease course was less than 12months. Lumbar disc
herniation is usually accompanied by back and/or leg pain. We
found that the presence of lumbocrural pain affected surgical
interlaminar approach.

Interlaminar

n Pre-operation 6-month after operation

3.9±2.1 1.5±1.4
∗∗

52.1±17.4 12.7±4.2
∗∗

14.8±6.4 26.8±3.2
∗∗

l and interlaminar approach.

Interlaminar (n=78) t/x2 P

85±16.3 7.827 .000
6.4±1.1 �1.435 .000
3.2±0.8 12.744 .000
22.1±7.3 �2.556 .011
12.1±2.0 �3.667 .714
3.8±1.8 0.778 .438
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efficacy, possibly due to the different mechanisms underlying
back and leg pain: back pain in lumbar disc herniation is usually
caused by inflammatory stimulation and immune reaction, while
leg pain is largely attributable to mechanical compression.
Patients with both back and leg pain may thus be affected by 2
factors. Previous studies also reported that surgical outcomes are
poorer in patients with both back and leg pain.[18,19] We also
found that pre-VAS was related to curative effective, which
means that the basic physical status affects the operation efficacy.
Our results indicate that the transforaminal and interlaminar

methods of percutaneous endoscopic discectomy have equivalent
efficacy rates. Multivariate analysis showed that operative
approach did not affect curative outcomes. The success rate of
percutaneous endoscopic discectomy with either approach was
93.7%, which falls within the previously reported range of
85.4% to 95.1%. However, the transforaminal surgeries
examined in this study took longer, required more time for
fluoroscopy and puncture, and entailed greater blood loss. The
selection of operative approach was determined by patients’
anatomical structure, including the height of the iliac crest and
the location of pensions. The transforaminal approach is often
inappropriate for patients with L5-S1 lesions, as the interverte-
bral space may be blocked by the iliac crest and the L5 transverse
process, preventing the puncture needle from reaching the edge of
the intervertebral foramen.[20] Under these conditions, an
interlaminar approach must be used. The L5-S1 is the widest
of the intervertebral spaces; it is about 9.95 to 13.24mm high and
about 25.75 to 31.89mmwide.[21] The outlet edge of the S1 nerve
root is more vertical than that of other lumbar vertebral
segments, and the dilation tube will enter the intervertebral disc
via the nerve root shoulder. This path is consistent with the
puncture path reported by a previous study.[22] According to the
findings described above, the interlaminar approach is not
recommended in patients with narrow intervertebral spaces,
obvious facet hypertrophy, or severe lumbar disc hypertrophy.
We also found that pre-VAS was related to curative effective,
which means that the basic physical status affects the operation
efficacy.
Based on the results of this study, we have several

recommendations regarding the choice of approach in percuta-
neous endoscopic discectomy. The interlaminar approach is not
recommended in patients with any of the following:

(1) central spinal canal stenosis confirmed by computed

tomography or magnetic resonance imaging (less than 10
mm);
narrow intervertebral space (less than 7.5mm);
(2)

(3)
 prolapse, drift, or calcification of the lumbar intervertebral

disc;
a history of a previous operation on the same segment; or
(4)

(5)
 less than 7.5mm intervertebral space or less than 3mm

between dural sacs and the lateral wall of the spinal canal.

In the latter case, the interlaminar approach would increase the
risk of damage to the dural sac and nerve root. Some advice for
interlaminar approach during operation:

(1) try to avoid excessive resection of intervertebral disc tissue as

much as possible, and keep the intervertebral disc as much as
possible, which is conducive to postoperative functional
recovery.
during the operation, effective release of nerve roots should be
(2)

paid attention to, decompression of lateral crypt should be
conducted, and damage to blood vessels, nerve roots, dura,
and other tissues should be avoided.
5

(3)
 during the operation, attention should be paid to hemostasis
to avoid the bleeding affecting the surgical field and causing
interference to the operation.
during the operation, structures such as the yellow ligament
(4)

and vertebral plate should be retained as much as possible to
prevent postoperative scar formation and cause tension and
compression on the dural and nerve roots.

The transforaminal approach is recommended in patients with:

(1) central paramedian-type lumbar disc herniation or lesions

located in the upper lumbar segment;
prolapse or drift of lumbar intervertebral disc accompanied
(2)

by a higher iliac crest.

We also found that lumbar disc herniation can be divided into 2
types: stress type and tension type. Numbness is a typical symptom
of the stress type, while pain is characteristic of the tension type.
Local anestheticmay cause pain, leading to shifts in the lumbardisc
in patients with the tension type of disc herniation, which could
result in nerve root damage if the needle enters into the epidural
space over the ligamentum of the intervertebral foramen.
Therefore, the selection of approach should depend on the
characteristics of the patient. The transforaminal approach should
be selected when pain is obvious.
Several study limitations should be addressed. First, this was a

retrospective cohort study, which means the strength of evidence
was slightly inferior to the randomized controlled trial. Second,
this study is a single center, retrospective analysis that was based
on an existing database. It remains unknown if residual
confounders may have affected the outcomes despite the use of
multivariable analyses. Third, the present study just evaluated the
short-term efficacy. Finally, the sample size of poor curative
group was relatively small and long-term follow-up was needed.
Percutaneous endoscopic surgery for lumbar disc herniation

has the advantages of being less traumatic than traditional
surgery and producing a reliable curative effect. The choice of a
transforaminal or interlaminar approach does not appear to
affect the treatment efficacy of percutaneous endoscopic
discectomy for lumbar disc herniation. The selection of surgical
approach depends on anatomical structure and physiological
characteristics. It should be noted that surgery is likely to be less
successful in patients aged 45 years or older, with a disease course
lasting over 12 months, symptoms including both lumbocrural
pain and lumbar disc herniation of Pfirrmann grade IV, and/or a
history of trauma.
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