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Purpose: Percutaneous endoscopic lumbar discectomy (PELD) is usually used to treat
lumbar disc herniation (LDH). This study aims to describe PELD by foraminoplasty in the
treatment of far-downward migrated LDH and to demonstrate the clinical efficacy by
a retrospective evaluation.

Patients and Methods: Between January 2017 and July 2018, 41 patients with far-
downward migrated LDH were treated with PELD by foraminoplasty at the base of the
superior articular process (SAP). Clinical efficacy was evaluated with a visual analogue scale
(VAS) score, the Oswestry disability index (ODI), and the modified Macnab criteria.
Postoperative follow-up data (1 month, 6 months, 18 months) were recorded.

Results: The surgical levels included L2/3 (1 patient), L3/4 (1 patient), L4/5 (17 patients),
and L5/S1 (22 patients). The VAS and ODI scores indicated a significant improvement 18
months after surgery (mean + standard deviation, VAS, 6.9+1.3 versus 0.5+0.8; ODI, 66.3
+12.2 versus 14.0+8.2, respectively). Based on the modified Macnab criteria, 92.7% of
patients had a good-to-excellent rate. There were three patients with a dural tear, and one
patient had recurrent disc herniation.

Conclusion: PELD by foraminoplasty at the base of the superior articular process is a good
method for treating far-downward migrated LDH.

Keywords: lumbar disk herniation, migrated disc herniation, foraminoplasty, percutaneous
endoscopic lumbar discectomy

Introduction

Percutaneous endoscopic lumbar discectomy (PELD) is a safe and effective mini-
mally-invasive technique for the treatment of lumbar disc herniation (LDH). With the
improvement of related surgical techniques, positioning techniques, and optical
imaging systems, it has become more widely used in the treatment of lumbar
degenerative diseases.! Due to the anatomical obstacles of this region, such as the
facet joint process, pedicle, exiting nerve root, and intervertebral foramina stenosis,
the correct insertion of the working cannula and the range of motion under the
microscope are limited.> There are concerns about residual nucleus pulposus that
may cause poor postoperative results and recurrence. PELD was once considered
limited to a few selective cases and not suitable for the treatment of migrated LDH.
After the surgeons accumulated experience and improved surgical skills, clinical
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studies have shown that there is no significant difference in
clinical efficacy between PELD and traditional open surgery
in the treatment of prolapsed LDH.>> PELD indications
have expanded, and it has been applied to various types of
intervertebral disc herniations and even spinal stenosis.® Lee
et al’ divided disk migration into four zones based on the
direction and distance from the intervertebral space on pre-
operative sagittal magnetic resonance imaging (MRI).
A migration ranging from the center to the inferior margin
of the lower pedicle is considered a far-downward disc
herniation. Since traditional PELD technique have some
shortcomings such as insufficient exposure, poor visualiza-
tion, and difficult to reach and grasp highly migrated discs.
We chose to remove prolapsed discs by the transforaminal
approach, relying on foraminoplasty at the base of the
superior articular process (SAP) with the assistance of
a common instrument-bone drilling. In order to provide
a reference for the effectiveness of PELD in the treatment
of LDH with far-downward migrated.

Methods

Patient Population

From January 2017 to July 2018, 41 consecutive patients
were treated with single-level PELD. The inclusion criteria
were as follows: 1) far-downward migrated LDHs verified
by preoperative MRI and computed tomography (CT); 2)
unilateral leg symptoms (pain, sensory changes, motor
weakness); 3) symptoms were not relieved despite con-
servative treatment for more than 6 weeks. The exclusion
criteria were as follows: 1) spinal stenosis confirmed by
MRI and CT; 2) segmental instability; and 3) coexistent

Figure | Sagittal (A) and anteroposterior (B) fluoroscopic images of the Tom Shidi.

pathologic conditions, such as fractures, acute inflamma-
tion, infection, or tumors. This retrospective study was
approved by the Ethics Committee of Chengde Medical
University  Affiliated Hospital (CYFYLL2021101).
Informed written consent was obtained from all patients.

Surgical Techniques

The patient was placed in a lateral decubitus position, and
a soft roll was put under the lumbar area above the iliac crest
to increase the area of the intervertebral foramen. The skin
entry point was determined according to the position of the
iliac crest and the target segment. The location was usually
8-12 c¢m from the posterior midline and 1-3 c¢cm above the
iliac crest. The whole procedure was performed under local
anesthesia with 50 mL of 0.8% lidocaine. The specific
anesthesia steps were carried out according to a previous
study.® Under the guidance of fluoroscopy, an 18-gauge
needle was inserted percutaneously, pointing to the base of
the SAP. The needle core was replaced by a guidewire, and
a skin incision was done at the entry point. The TomShidi
needle was used to penetrate the ventral part of the SAP in
the direction of the guidewire [Figure 1]. Sequential bone
drills (4 mm, 6 mm, 7 mm, 8§ mm; MaxMore spine,
Hoogland Spine Products GmbH, Germany) were used to
create a working channel by resecting the base of the ventral
part of the SAP. Whenever possible and when the front end
of the drill was close to the midline, the lateral recesses were
simultaneously enlarged [Figure 2A-D]. Foraminoplasty
was then carried out by the “bottom-up” technique with
a bone drill [Figure 2E and F]. The endoscope was intro-
duced after the bevel-ended working cannula was placed

[Figure 3]. The endoscope system (MaxMore spine,
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Figure 2 Sequential bone drills are used to enlarge the intervertebral foramen at the base of the superior articular process (A-D). Foramen enlarged with manual bone drill
of 6 mm (A and B). Foramen enlarged with manual bone drill of 8 mm (C and D). Second foraminoplasty from the bottom of the superior articular process to its top with
a bone drill of 8 mm (E and F).

Hoogland Spine Products GmbH, Germany) was connected  flexible electrode bipolar radiofrequency ablation (Elliquence
to a 0.9% saline solution for continuous rinsing. LLC, New York, USA) to stop bleeding. The prolapsed

Soft tissue, ligamentum flavum and bone debris were intervertebral disc tissue was exposed in a clear field of vision
removed with nucleus fragment forceps, and by using tip- and then removed with forceps. We used semi-flexible

Figure 3 Positioning of the working cannula in fluoroscopic view ((A), sagittal; (B), anteroposterior).
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forceps for removal of far-downward disc debris. In order to
achieve complete decompression, including that at the disc
level, we adjusted the position of the working cannula from
the bottom to the top [Figure 4]. Annuloplasty was performed
by electrode ablation after all attainable loose disc tissue
around the disc crevasse was removed. The nerve root was
sufficiently decompressed and pulsed freely with the heart

A

rate as assessed by endoscopic visualization. A drainage tube
was placed, and the incision was sutured. Routine follow-up
MRI was performed in all patients [Figure 5].

Patient Evaluation

The clinical outcomes were assessed using the visual analog
scale (VAS) score and the Oswestry Disability Index (ODI)

Cc

Figure 4 Schematic illustration of the adjustment of the working cannula under the endoscope ((A—C), anteroposterior; (D-F), sagittal). Blue represents the working
cannula. Yellow represents nerve roots and spinal cord. Red represents intervertebral disc tissue. Black and gray represent vertebrae.

Figure 5 Comparison of preoperative and postoperative MRI, showing that disc fragments were completely removed. (A) preoperative MRI (sagittal). (B) postoperative

MRI (sagittal). (C) preoperative MRI (axial). (D) postoperative MRI (axial).
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score. All patients in the study were followed up for at least
18 months after the surgery. Surgical efficiency was assessed
by using the modified Macnab criteria’ at the final follow-up.

Statistical Analyses

For statistical analyses, the clinical results were analyzed
using SPSS version 26 (IBM, Armonk, USA). The mean
outcome scores (mean =+ standard deviation) from pre- and
postoperative variables were compared by paired Student’s
t-tests or Wilcoxon rank sum test. P < 0.05 was considered
statistically significant.

Results

There were no terminated operations due to intraoperative
pain or nerve injury. The segmental level was L2/3 in one
case, L3/4 in one case, L4/L5 in 17 cases, and L5/S1 in 22
cases. The mean age of patients was 44.8+14.5 years. The
sex ratio (male/female) was 1.2 (22/19). The mean operation
time was 66.8+13.1 minutes. The mean preoperative VAS-
leg pain score and ODI score were 6.9+1.3 and 66.3£12.2,
respectively. Compared with the preoperative state, the
patient’s VAS score and ODI score improved to 0.5+0.8
and 14.0+£8.2, 18 months after surgery. (P < 0.05) The VAS-
leg pain score and ODI score were significantly improved at
each postoperative time points [Table 1]. The good-to-
excellent rate in patients was 92.7% (38/41), 27 reported
excellent results, 11 reported good results, 3 evaluated there
results as fair and none reported poor outcome.

Complications

Three patients had an intraoperative dural tear, but without
cerebrospinal fluid leakage postoperatively. No neurologi-
cal sequelae were observed in the follow-up period. One
patient suffered recurrent disc herniation 3 months after
surgery and underwent revision surgery. No patient had
residual fragments as assessed by postoperative MRI.
There were no reports of infection, cauda equina syn-

drome, vascular injury, or other serious complications.

Discussion
The lumbar intervertebral disc can prolapse to the cranial,
caudal or even dorsal side, but most commonly migrates to
the caudal side.'” The traditional transforaminal surgical
approach is inadequate because it is difficult to remove the
prolapsed disc due to obstruction caused by the articular
process, pedicle, and other inherent anatomical structures of
the lumbar spine. There is a high failure rate in the treatment
of prolapsed intervertebral disc herniation, especially since in
patients with far-downward prolapse, the risk of residual disc
tissue is significantly increased.”'""'* The key step of PELD
is to approximate the front end of the working cannula as
close as possible to the herniation. For far-downward discs,
the working cannula of the traditional transforaminal
approach is located at the disc level, with a steep trajectory
angle, being unable to access the disc in the distal portion of
the epidural space. In order to remove the prolapsed disc, it is
necessary to increase the angle of inclination toward the head,
which is likely to cause irritation of the exiting nerve root.
A variety of different PELD approaches have emerged
to improve clinical efficacy. Choi et al'® successfully
removed a prolapsed disc of the L4-L5 segment by the L5-
S1 interlaminar approach. This technique required a wide

interlaminar space. Kim et al'*

tried to access the target
via a contralateral transforaminal route, overcoming the
limitation of obstruction of the visual field by the pedicle.
The cranial tilt angle was reduced, thereby reducing the
risk of damage to the exiting nerve root. However, the
scope of indications was limited and there was a risk of
damage to the dural sac and contralateral nerve root.
Krzok et al'> used a trephine or bone drill to directly cut
through the pedicle from the posterolateral side to estab-
lish a working channel. The technique required high accu-
racy of the hole-forming position, and avoidance of
difficult.

performed PELD via the superior vertebral pedicle notch

pedicle fractures was Some surgeons

approach.'®'® They needed to remove part of the upper
edge of the pedicle with a bone drill or trephine. The scope
of inspection under the endoscopic was enlarged to reduce

Table | Changes of Preoperative and Postoperative VAS, ODI Scores

Time Point Pre-Operation I Month Post-Operation 6 Months Post-Operation 18 Months Post-Operation
VAS of leg pain 6.9%1.3 2.3+1.0*% 0.9+1.0* 0.5+0.8*
ODI 66.3+12.2 36.7+8.5* 18.1+7.8* 14.0+8.2*

Note: *P < 0.05 versus preoperative.

Abbreviations: VAS, visual analog scale; ODI, Oswestry disability index.
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the difficulty of the operation. At present, there is no
consensus on which approach to use for lumbar disc her-
niated tissues with different degrees of migration. Most
surgeons use an individually-optimized surgical approach
for treatment.

The technique used in this study is a modified lumbar
foraminoplasty. It is different from the traditional Tessys
technique which advocates foraminoplasty at the tip of the
SAP." Sequential bone drills were used to the upper edge
of the pedicle to remove part of the base of the SAP and to
carry out progressive enlargement of the intervertebral
foramen. Commonly used instruments in foraminoplasty
include bone drills, trephines, chisels, Kerrison rongeurs,
high-speed drills, among others. Although the high-speed
endoscopic drill system is also an option to consider, such
equipment is not available in most hospitals, especially in
developing countries. Additionally, it increases medical
expenses. A bone drill was selected for this study accord-
ing to the technical characteristics of our surgical
approach. The tip of the drill had a blunt head, which
avoids cutting nerve roots while entering the spinal
canal. At the same time, the drill pushed the ligamentum
flavum to wrap around the ventrolateral side of the dural
sac for protection. With the tip of the drill anchored in the
posterior wall of the vertebral body and used as a fulcrum,
the bone drill could further enlarge the intervertebral fora-
men from the bottom of the SAP to its top. Adjusting the
position of the working cannula was easy. After abrading
the SAP, the bone debris were washed out with a saline
flow under the endoscope, and the remaining small frag-
ments were removed with nucleus forceps. There was little
blood loss from the bone wound because the injured can-
cellous bone was ground and compressed. This was con-
ducive to maintaining a clear operating vision. Patients
were conscious and could provide timely feedback during
the operation. We adjusted the depth of the bone drill into
the spinal canal according to each case. It is not recom-
mended to reach the midline when some patients may then
suffer dural sac compression accompanied by irritation or
injury, especially in cases with a congenitally small spinal
canal.

Li et a
foraminoplasty at the base of the ventral SAP with

1'22% specially designed an instrument for

graded trephines. These authors treated lateral recess
stenosis and 90.6% (77/85) of patients experienced
a favorable outcome. According to the Macnab’s
score obtained, 92.5% (124/134) of complex uncon-
tained LDH cases were classified as “excellent” or

“good.” The effectiveness of this modified lumbar for-
aminoplasty method was therefore proven. In the pre-
sent study, we report a case series of 41 patients of far-
downward migrated LDH, where 92.7% of cases were
classified as “excellent” or “good” by the modified
Macnab score. Satisfactory therapeutic results were
achieved by our surgical treatment. However, our
study has several limitations. The sample size was
limited and needed to be further expanded. More
cases can help measure the relationship between the
depth of bone drilling into the spinal canal and the size
of the spinal canal space. The study also needs more
detailed radiology data for further evaluation. Once we
specify a suitable reference indicator, the safety and
efficacy of this approach can be further improved.
Considering this is a retrospective medical record ana-
lysis, a larger sample size and controlled trial are
necessary to evaluate this method accurately.

Conclusion

PELD with foraminoplasty at the base of the SAP can be
an effective treatment for far-downward migrated LDH. It
may provide an alternative minimally invasive surgery
method for patients with far-downward migrated LDH.
We suggest that the procedure should be performed by
a skillful surgeon who has several years of experience in
PELD technique.

Abbreviations

CT, computed tomography; LDH, lumbar disc herniation;
MRI, magnetic resonance imaging; ODI, Oswestry disabil-
ity index; PELD, percutaneous endoscopic lumbar discect-
SAP, VAS,
analogue scale score.

omy; superior articular process; visual
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