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CLINICAL ARTICLE

Percutaneous Endoscopic Interlaminar Discectomy
via Laminoplasty Technique for Ls-S; Lumbar Disc
Herniation with a Narrow Interlaminar Window

Tian-long Wu, MDV>* ®, Jing-hong Yuan, Master">?", Jing-yu Jia, MD"*?, Ding-wen He, MD"?, Xin-xin Miao, Master’,
Jian-jian Deng, Master', Xi-gao Cheng, MD"*?

'Department of Orthopaedics, The Second Affiliated Hospital of Nanchang University, *Institute of Orthopaedics of Jiangxi Province and
*Institute of Minimally Invasive Orthopaedics of Nanchang University, Nanchang, China

Objective: To improve the treatment effect of patients with LsS; lumber disc herniation (LDH) with a narrow inter-
laminar window, we proposed an alternative approach to percutaneous endoscopic interlaminar discectomy (PEID) via
the laminoplasty technique.

Methods: Fifteen LsS; LDH patients (7 men and 8 women; age range, 22 to 56 years; median age, 34 years; 9 left,
6 right) were enrolled in the present study retrospectively. The interlaminar windows of all patients were narrow (the
transverse diameter of the LsS, interlaminar window is equal to or less than that of L,_s). Percutaneous laminoplasty
and endoscopic interlaminar discectomy surgery were undergone by all patients from July 2018 to July 2019. All oper-
ations were completed under local anesthesia. The target laminoplasty area was the safety zone, use of which avoids
both transverse and exit nerve roots. Under fluoroscopic guidance or clear endoscopic visualization, the trephines
were used to enlarge the interlaminar window, which allowed the working cannula to enter the spinal canal but avoid
nerve roots and the dural sac. The preoperative/postoperative visual analogue scale (VAS) scores and Oswestry dis-
ability index (ODI) were statistically analyzed. The modified MacNab criterion was used to assess the clinical effects.
The radiological outcomes were evaluated by MRI and CT. SPSS 19.0 software was used for the statistical evaluation.

Results: The operative time ranged from 70 to 120 min, with a median time of 92 min, and the fluoroscopy times
ranged from 8 to 12, with a median of 9.7 times. The body mass index (BMI) of patients ranged from 18.10 to 26.06,
with a median of 22.04. All patients were followed up in the outpatient department for at least 12 months after sur-
gery. At the last follow up, the average VAS-Back score of the study patients was reduced from 5.33 £ 2.09 to
2.00 £ 1.20 (P < 0.001) and the average VAS-Leg score was reduced from 7.53 £ 1.69 to 1.47 £ 0.92 (P < 0.001).
The average ODI scores improved from 47.87 £ 11.41 to 12.93 = 3.24 (P < 0.01). According to the modified MacNab
criteria, 11 cases achieved excellent results and 4 cases achieved good results. All of the operations were successful.
There wertr no nerve root injuries, dural tears, or other complications.

Conclusion: The laminoplasty approach for PEID provides a safe and useful alternative for the treatment of L5-S1
LDH patients with a narrow interlaminar window.
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Introduction

umbar disc herniation (LDH) is a common cause of

lower back and leg pain, which results in medical and
economic burdens for families and society. Due to the mod-
ern sedentary lifestyle, the incidence of LDH is increasing.
When expectant treatment fails, surgical treatment is often
required, which may by open surgery or minimally invasive
surgery. Open lumbar discectomy often leads to iatrogenic
damage of the facet joints and paraspinal structures, causing
muscle denervation and atrophy, segmental instability, and
long-term lumbodorsal muscular pain postoperatively. These
factors seriously affect the clinical curative effect and patient
satisfaction.

With the rapid development of minimally invasive
spine surgery, the technique of spinal endoscopy has made
revolutionary progress, especially for percutaneous endo-
scopic lumbar discectomy (PELD). The application of PELD
has many advantages, including reduced paraspinal muscle
trauma, minimal postoperative instability, lower blood loss,
smaller surgical wound, and faster recovery'. Percutaneous
endoscopic therapy for disc herniation can be divided into
the transforaminal approach® (percutaneous endoscopic
transforaminal discectomy [PETD]) and the interlaminar
approach® (percutaneous endoscopic interlaminar dis-
cectomy [PEID]). For LsS; level, PEID, which can escape the
blockade of crista iliaca, has advantages over PETD, includ-
ing reducing the difficulty of puncture, a faster puncture ori-
entation, a shorter operation time, and less intraoperative
radiation exposure4_7.

Currently, PEID is usually performed in the LsS; seg-
ment because the interlaminar window is the widest®. How-
ever, some patients have a narrow interlaminar window at
LsS; level (Fig. 1). For LsS; segments with a narrow inter-
laminar window, PEID might not be able an option because
of the risk of dural tear’ and nerve root injury'®. To provide
a safe and practicable option for LsS; LDH cases with a
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Fig. 1 Narrow interlaminar window of LsS4 level: The red line
represents the transverse diameter of the L,4_s interlaminar window, the
black line represents the transverse diameter of the LS, interlaminar
window. Generally, the black line is longer than the red line. When the
black line is equal to or less than the red line, we define it as a narrow
interlaminar window of LsS; level.

PEID via A LamiNopLASTY APPROACH For L5-S1 LDH

narrow interlaminar window, we propose full-endoscopic
interlaminar discectomy via the laminoplasty technique,
which can effectively and safely allow the working cannula to
enter the spinal canal but avoid the nerve roots and
dural sac.

In this study, the aims were: (i) to introduce PEID via
a novel laminoplasty technique for the treatment of LsS;
LDH patients with a narrow interlaminar window; (ii) to
evaluate the feasibility of this new approach; and (iii) to
determine the safety and effectiveness of this new strategy.

Materials and Methods

Inclusion and Exclusion Criteria and Patients

The inclusion criteria were as follows: (i) low back pain and
history of sciatica; (ii) LsS; LDH confirmed by CT and MRI;
(iii) the anterior-posterior X-ray image confirmed the nar-
row interlaminar window at LsS; level; and (iv) standard
conservative treatment for at least 3 months had failed to
relieve recurrent pain.

The exclusion criteria were as follows: (i) radiographic
findings were not consistent with patients’ symptoms or
signs; (ii) multiple level disc herniation, far lateral disc herni-
ation, foramen stenosis, lumbar instability, or cauda equina
syndrome; (iii) previous surgery history for LsS; level; (iv)
the anterior-posterior X-ray image determined patients who
were able to accept conventional PELD for LsS; level.

Based on the inclusion and exclusion criteria, 15 LsS;
LDH patients (7 men and 8 women; age range, 22 to
56 years; median age, 34 years) with a narrow interlaminar
window who accepted our novel approach at The Second
Affiliated Hospital of Nanchang University from July 2018 to
July 2019 were included in the present study. Written
informed consent was obtained from all patients. The study
was approved by the Ethics Committee of the Second Affili-
ated Hospital of Nanchang University.

Surgical Procedures

Step 1. Anesthesia and Position

Patients were placed in the prone decubitus position on a
radiolucent operating table. Local anesthesia and intravenous
sedation were chosen for this strategy. The patients commu-
nicated with the surgeon throughout the procedure.

Step 2. Approach

The skin was marked under fluoroscopic guidance. The tar-
get point was the safety zone (Fig. 2). The skin entry point
was the midpoint of the interlaminar window. The connec-
tion line of the target point and the entry point was the
direction of the puncture. Following the designed puncture
trajectory, a puncture needle was inserted, and skin incision
and soft tissue dilatation were performed. A trephine was
located in the safety zone (Fig. 3A).
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Fig. 2 Safety zone: The triangle (the lamina above the pedicle)
represents the safety zone and the circle represents the S1 pedicle.
Using the safety zone avoids both transverse and exit nerve roots.

Step 3. Laminoplasty

Laminoplasty was performed using the trephine to enlarge
the interlaminar window. The trephine should be advanced
with careful rotation under fluoroscopic guidance (Fig. 3B)
or clear endoscopic visualization. The bone of the lamina
was cut off and could be taken out along with the trephine.
Laminoplasty could be repeated if necessary.

Step 4. Channel Placement

The working channel was then introduced (Fig. 3C), and the
endoscope was inserted through cannula. The remaining lam-
ina and ligamentum flavum could be easily removed under
clear endoscopic visualization. The working cannula and
endoscope were located at the shoulder of the nerve root.

Step 5. Decompression

After confirmation of the structures under clear endoscopic
visualization, the herniated disc was removed using various
graspers (Fig. 3D). The neural tissues were pushed and, thus,
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protected by maneuvering the working cannula, which
allowed the fragments in the ventral and axillary part of the
nerve root to be removed. Plasma radiofrequency was used
to stop bleeding and ablation of the disc. The operation was
completed when the nerve root had been explored and
released.

Data Collection

The operation time and fluoroscopy times were documented.
Complications during and after the operation were recorded
to evaluate the safety of the surgery. The 10-point visual ana-
logue scale (VAS) was adopted to assess back pain (VAS-
Back) and leg pain (VAS-Leg) at the following time points:
preoperation, 1st postoperative day, 3rd postoperative
month, and 12th postoperative month. The Oswestry disabil-
ity index (ODI) was used to evaluate patient functional status
at the following time points: preoperation and at the 12th
postoperative month. The modified MacNab criteria at the
12th postoperative month was recorded to evaluate the early
clinical efficacy. Assessments were performed by an indepen-
dent observer.

Subgroup Analysis

In this study, subgroup analysis was applied to evaluate the
effectiveness of the PEID via laminoplasty according to age,
gender, BMI, left/right intervertebral disc herniation, and the
length of the operation.

Clinical Assessment

Visual analogue scale

The VAS score system has been widely used in recent
research to assess lower back pain. The VAS score system
(score from 0 to 10) is calculated as: 0 means painless; 1-3
indicates mild pain that the patient can tolerate; 4-6 indi-
cates that the patient is in pain that could be tolerated and is

Fig. 3 Surgical diagrams. (A) The trephine was located in the safety zone. (B) The trephine was advanced with careful rotation for laminoplasty.
(C) The working cannula reached the herniated disc tissue via the spinal canal. (D) By maneuvering the working cannula, neural tissues were

protected and the herniated disc was removed.
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able to sleep; and 7-10 indicates that the patient has severe
pain and is unable to endure the pain.

Oswestry Disability Index

The ODI has been widely used to assess patients’ disability as
a result of lower back pain. The ODI score system includes
10 sections: pain intensity, personal care, lifting, walking, sit-
ting, standing, sleeping, sex life, social life, and traveling. For
each section of six statements, the total score is 5. Intervening
statements are scored according to rank. If more than one
box is marked in each section, the highest score is taken. If all
10 sections are completed, the score is calculated as follows:
total scored out of total possible score x 100. If one section is
missed (or not applicable) the score is calculated as: (total
score/(5 X number of questions answered)) X 100%. Scores of
0%-20% are considered mild dysfunction, 21%-40% is mod-
erate dysfunction, 41%-60% is severe dysfunction, and 61%-
80% is considered a disability. For cases with scores of 81%-
100%, patients are either long-term bedridden or exaggerating
the impact of pain on their life.

The modified MacNab Criteria

The modified MacNab criteria were used to evaluate the sur-
gical outcomes: excellent means no pain and no restriction of
movement, so that the patient can work normally; good
means occasional pain, so that the patient can work normally;
fair means slight progress; poor means no progression.

Statistical Analysis

All data were statistically analyzed using SPSS software
(Version 19.0; IBM). Continuous variables were presented as
mean + standard deviation. Student’s t-test was used to com-
pare the continuous variables, such as VAS-Back, VAS-Leg,
and ODI scores, between different time points. A positive sig-
nificance level was assumed at a P-value of less than 0.05.

Results

Surgical Information

The laminoplasties were successful completed and all
patients received significant pain relief after the surgery. The
operative time ranged from 70 to 120 min, with a median
time of 92 min. The average fluoroscopy times was 9.7 times.

Clinical Outcomes
All 15 patients were followed up for at least 12 months.

VAS-Back score. The average VAS-Back score was
reduced from 5.33 + 2.09 to 2.00 + 1.20 (P < 0.05) at the last
follow up.

VAS-Leg. The average VAS-Leg score was reduced
from 753+1.69 to 147 +0.92 (P<0.05) at the last
follow up.

ODI scores. As for functional improvement, the average
ODI scores improved from 47.87 +11.41 to 12.93 +3.24
(P < 0.05) at the last follow-up.

PEID via A LamiNoprLASTY APPROACH For L5-S1 LDH
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oDI

VAS-Leg

VAS-Back

Preoperative 12 months P-value

P-value

Preoperative 12 months

P-Value

12 months

Preoperative

Number of patients (%)

Subgroup

1.47 +0.92 <0.001 47.87 +11.41 12.93 +£3.24 <0.001

<0.001 7.53+1.69

2.00 +1.20

15 (100) 5.33 +2.09

All patients
Gender
Male

<0.001
<0.001

12.29 £ 3.04
13.50 £ 3.51

44,14 +11.10
51.13 £11.36

<0.001

<0.001

1.71 £ 0.49
1.25+1.17

0.001 829+1.11
6.88 +1.89

2.00 £ 1.00
2.00 £1.41

6.14 £2.19
4.63 +£1.85

7 (46.67)
8 (54.33)

0.009

Female
Age

< 0.001
<0.001

12.25 + 3.33
13.71 £ 3.20

49.50 + 11.19
46.00 £ 12.26

<0.001 8.00 £ 1.31 1.50 £ 0.93 <0.001
1.43 £0.98 < 0.001

2.13+1.25
1.86 £1.22

5.88 £2.42
4,71 £ 1.60

8 (54.33)
7 (46.67)

Older

7.00 + 2.00

0.023

Young
BMI

<0.001
<0.001

11.78 £3.15

0.005 7.44 +1.94 1.67 £0.71 <0.001 43.67 £10.82
7.67 £1.37 1.17 £1.17 <0.001

2.00 £1.32
2.00 £ 1.10

5.11 +£2.42
5.67 £ 1.63

9 (60.00)
6 (40.00)

Higher

14.67 £2.73

54.17 £9.91

0.002

Lower

Right/Left

Right
Left

<0.001
<0.001

13.14 £ 3.13
12.75 £ 3.54

47.57 £ 13.35
48.13 +10.37

<0.001

<0.001

1.43 £0.98
1.50 £ 0.93

7.29+£1.98
7.75+£1.49

0.027
<0.001

2.71 £ 0.95
1.38 £1.06

5.86£2.41
4,88 +£1.81

6 (40.00)
9 (60.00)

Operative time

Longer

<0.001
<0.001

12.50 £ 3.42
13.43 £3.21

46.38 £ 11.64
49.57 +11.82

<0.001

<0.001

1.88 £0.83
1.00 £ 0.82

0.01 7.88+1.89

0.01

2.50+£1.31
1.43 £0.79

5.75+2.71
4.85 + 1.07

8 (54.33)
7 (46.67)

7.14 £1.46

Shorter

BMI, body mass index; ODI, Oswestry disability index; VAS, visual analogue scale.
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MacNab criteria. According to the modified MacNab
criteria, 100% of patients (11 excellent and 4 good) had an
excellent or good recovery and no poor result was reported.

Complications. With respect to complications, no nerve
root injuries, dural tears, lamina fractures, infections, or
intraspinal hematomas were observed.

Subgroup Analysis
No recurrence was observed at follow-up. No significant dif-
ferences were found in the subgroup analysis (Table 1).

PEID via A LamiNoprLASTY APPROACH For L5-S1 LDH

Typical Cases
Case one. A 36-year-old man was admitted to our depart-
ment for severe left leg radicular pain of nearly 4 months.
This patient was diagnosed with LsS; LDH with a narrow
interlaminar window. The laminoplasty was made and a her-
niated mass was completely removed during the PEID sur-
gery. This patient received immediate pain relief and was
discharged from hospital on the 3rd postoperative day. Dur-
ing the follow up, the functional improvement was satisfac-
tory (Fig. 4).

Case two. A 44-year-old man complained of severe left
leg pain for 3 months. MRI showed a herniated disc on the
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Fig. 4 Typical case one. (A) Lumbar anterior—posterior X-ray image. Narrow interlaminar window of LsS; level. (B and C) The trephine was used for
laminoplasty at the safety zone. (D) Resected bone from the safety zone. (E and F) Working cannula was inserted at the safety zone. (G and H)
Postoperative CT scan revealed laminoplasty (arrow). (I) S, nerve root was completely released. (J and K) Preoperative and postoperative MRI

showed removal and good decompression of the S, nerve root and dura.
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Fig. 5 Typical case two. (A) Lumbar anterior—posterior X-ray image. Narrow interlaminar window of LsS; level. (B and C) The trephine was used for
laminoplasty at the safety zone. (D) Resected bone from the safety zone. (E and F) Working cannula was inserted at the safety zone. (G) The S; nerve
root was completely released. (J and K) Preoperative and postoperative MRI showed good decompression of the left S; nerve root.

left side at LsS; level. The interlaminar window was narrow
according to X-ray images. PEID was successfully performed
after laminoplasty. He received immediate pain relief and
was discharged from hospital on the 2nd postoperative day.
During the follow-up, the functional improvement was satis-
factory (Fig. 5).

Case three. A 56-year-old woman with severe right leg
radicular pain for 6 months. LsS; LDH with a narrow inter-
laminar window was diagnosed according to X-ray and MRI
images. The laminoplasty was performed with endoscopic

visible trephines and a herniated mass was completely
removed. She received immediate pain relief and was dis-
charged from hospital on the 3rd postoperative day. During
the follow-up, the functional improvement was reported as
satisfactory (Fig. 6).

Discussion
ercutaneous endoscopic interlaminar discectomy has
been widely used in the management of Ls-S; LDH, with
the advantages including escaping the blockade of crista
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Fig. 6 Typical case three. (A) Lumbar anterior—posterior X-ray image. Narrow interlaminar window of Ls—S, level. (B, C, and D) The target puncture
point and working cannula were located at the safety zone. (E and F) Endoscopic visible trephine (red arrow) was used for the laminoplasty (blue
arrow). (G and H) Working cannula reached herniated disc tissue via the spinal canal under endoscopic observation. (I and J) Preoperative and
postoperative MRI showed removal and good decompression of the S; nerve root and dura. (K and L) Postoperative CT scan revealed laminoplasty

(arrow).

iliaca, a faster puncture orientation, decreased intraoperative
blood loss, a shorter operation time, and less intraoperative
radiation exposure*”’. Normally, PEID can be performed at
LsS, level because the interlaminar window of LsS; is the
largest®. Once the transverse diameter of the LsS; inter-
laminar window is equal to or less than that of L4-5, we
define it as a narrow interlaminar window of LsS;. At pre-
sent, there are two main techniques for PEID: having a
working channel in the ligamentum flavum' and having a
working channel directly into the spinal canal''. For the Ls—
S, LDH with a narrow interlaminar window, neither of these
two techniques can be performed because of the blockade of
the nerve root and the dural sac and damage can easily
occur. Sencer et al'’ reported a 3.1% rate of nerve root
injury and a 3.7% incidence of dural tear due to improper

operation during the interlaminar approach. For patients
with a narrow interlaminar window, the risk could be higher
than reported. Therefore, achieving efficient interlaminar
window enlargement while minimizing radiation exposure
and protecting the nerves is important.

Features of the Technique

In the current study, we introduced the PEID via a
laminoplasty approach for LsS; LDH with a narrow inter-
laminar window. Laminoplasty at the safety zone, use of
which avoids both transverse and exit nerve roots, allowed
us to efficiently enlarge the interlaminar window without the
redundancy and complications associated with trephines.
The trephine was advanced with careful rotation under fluo-
roscopic guidance and the patients communicated with the
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surgeon throughout the procedure. Our clinical results, with
no severe complications occurring, confirmed the safety of
the laminoplasty. With the application of an endoscopic
high-speed drill'> and endoscopic visible trephines, the sur-
geon could accomplish this laminoplasty under direct endo-
scopic observation, and the safety of laminoplasty could be
further assured. Meanwhile, laminoplasty did not destroy
facet joints; thus, the stability of the lumbar spine was not
affected.

LsS; disc herniations can be divided into three types:
shoulder type, ventral type, and axilla type'®. In this study,
the working cannula and endoscope were located at the
shoulder of the nerve root. By maneuvering the working can-
nula, the neural tissues were pushed and protected, which
allowed the fragments in the ventral and axillary part of the
nerve root to be removed. For the axillary type, the axillary
side of the S; nerve root needed to be explored.

Functional Outcomes

All patients experienced significant pain reduction and func-
tional improvement after surgery and all of the patients
(100%) had obtained excellent or good recovery at the last
follow up. Therefore, our study showed that PEID via a
laminoplasty approach could manage a case of LsS; LDH
with a narrow interlaminar window efficiently; and, as a

PEID via A LamiNopLASTY APPROACH For L5-S1 LDH

result, this technique might be a feasible alternative to treat
LsS; LDH with a narrow interlaminar window.

Limitations

Some limitations should be considered when interpreting
our data. The retrospective design might lead to selection
bias and the small sample size might reduce the stringency
of our results. In addition, there was no comparison with
other surgical techniques in this study. Therefore, we should
further validate this novel approach in clinical trials, includ-
ing prospective and multiple-center studies. However, it
should be noted that we aimed to introduce a new endo-
scopic discectomy strategy for the treatment of LsS; LDH
with a narrow interlaminar window, and our results demon-
strated that this strategy was effective and safe.

Conclusion
he laminoplasty approach for PEID provides a safe and
useful alternative for the treatment of LsS; LDH with a
narrow interlaminar window.
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