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Abstract

Background: The technique of transforaminal endoscopic spine surgery is being widely used for lumbar
degenerative diseases. But the interlaminar endoscopic surgery, which is more familiar and easier to be operated for
spine surgeons, is more easily applied by traditionally trained surgeons.

Objective: We propose the technique of percutaneous endoscopic medial foraminal decompression through
interlaminar approach for the treatment of lumbar disc herniation (LDH) and spinal stenosis (LSS), and to explore
the safety and efficacy of using this technique clinically.

Methods: Thirty-two LDH and eleven LSS patients received medial foraminal decompression surgery with 22.6 +
7.9 months follow-up. Through interlaminar space, we are able to perform discectomy and lateral recess
decompression to decompress the medial foraminal area. Clinical efficacy was assessed by calculating the scores of
VAS, SF-36, and lumbar disease JOA and ODI respectively at preoperative, postoperative and the discharge period,
3-6 months postoperatively and the final follow-up time point when patients were considered having received
maximum surgical benefit. Follow-up time period varied because of the patients' follow-up logistics in China serving
a large referral area made it difficult for rural patients to return at established intervals for the study.

Results: For both LDH and LSS patients, the observational indexes of the follow-up time points showed
significant differences compared with those preoperatively (P<0.01). Surgical results were assessed according to
JOA scores: 22 cases were excellent, 16 cases were good, and 5 cases were fair by modified MacNab criteria. The
satisfaction rate of PEMFD was 88.37% during the follow-up period with the improvement of daily life quality. One
patient had postoperative radiation calf pain and foot numbness, and another one had the dorsal remnant of the
dural sac without symptom.

Conclusion: The treatment for LDH and LSS with medial foraminal decompression is safe and effective with
minimal tissue trauma, less surgical morbidity to the lumbar canal, with full decompression of nerve roots and the
cauda equina. It is more similar to traditional open surgery and easier to achieve adequate canal decompression,
especially for LSS.

Keywords: Lumbar disc herniation; Lumbar spinal stenosis;
Endoscope; Minimally invasive surgery; Medial foraminal;
Decompression
Introduction

As one of the most common clinical diseases, Lumbar disc
herniation (LDH) is caused by protruded nucleus pulposus
compressing the nerve root with fibrous ring rupture which leads to
back and leg pain as the main symptom manifestation. In recent years,
endoscopic transforaminal decompression technology has dominated
the endoscopic MIS approach as an important surgical procedure for
transforaminal Percutaneous Endoscopic Lumbar Discectomy (PELD).
The posterolateral lumbar approach has become the main surgical
approach for minimally invasive treatment of LDH [1,2]. However, due
to the obstruction of high iliac crest, the application of posterolateral
transforaminal technology for treating L5-S1 segment LDH can be
difficult [3]. Due to the greater familiarity of the spine surgeon with
posterior lumbar anatomy and similarity to conventional open surgical

procedures, many surgeons now prefer the more familiar percutaneous
endoscopic interlaminar discectomy (PEID) for treating L5-S1 disc
herniation. This approach and this technology could be applied for the
L5-S1 segment, or even higher-level LDH [4,5]. Compared with the
posterolateral transforaminal technique, the percutaneous interlaminar
technique can also directly and still minimally invasively remove the
intervertebral disc nucleus pulposus [6]. The PEID technique, however,
needs to pass through the spinal canal to reach the protruded
intervertebral disc target, and this kind of procedure may increase the
risk of spinal canal scaring that can be a considered a negative
consequence by some spine surgeons [7]. As a consequence, our
endoscopic surgery group proposed percutaneous endoscopic medial
foraminal decompression technique as an alternative minimally
invasive surgical approach to remove the herniated disc and any
contributory compression tissue and lateral recess, release nerve roots
under direct vision and reduce the impact on spinal canal structures as
much as possible. In view of the fact that there exists an area of safety
in the posterior lumbar spinal canal structure between the existing
nerve root and traversing nerve root, the premise of this technology is
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directly to target disc herniation pressure area through this area with
puncture, and percutaneous removal of the stable part of the lateral
facet joint. Additionally, the experience of medial foraminal
decompression for LDH was applied to LSS cases via established
contralateral channel.

Materials and Methods

From April 2014 to January 2016, 32 patients with LDH and 11
patients with LSS were treated in our department with medial
foraminal decompression technology. Among the thirty-two LDH and
eleven LSS patients, there are 23 males and 20 females, aged 35-77
years, mean 44.6  19.5 years; sickness duration of 3-120 months, an
average of 7.3 * 6.6 months. All of them were single-segment
degeneration, of which 2 cases of L2-S3 segment, 4 cases of L3-S4
segment, 17 cases of L4-S5 segment, 20 cases of L5-S1 segment. The
patients were characterized by varying degrees of low back pain with
extremity radiculopathy, numbness or neurologic claudication, while
suffering weakness of muscle strength, sensory, tendon reflex and other
signs of nerve root damage. They were all treated by physical therapy,
closed and other conservative treatments and underwent X-ray, CT
and MRI inspection before surgery. The diagnosis for LDH or LSS was
definite, while spondylolisthesis, instability, cancer, infection, and
congenital malformations were excluded.

Surgical technique of endoscopic lumbar medial foraminal
decompression

Ipsilateral channel established for LDH: Patients were placed in the
prone and appropriate flexion position in the spine surgery bed.
Operation was performed with intervertebral foramen minimally
invasive spinal surgery equipment. C-arm X-ray fluoroscopy identified
skin landmarks for needle and cannula placement 1-2 cm below the
targeted segment, 0.5-1 cm beside spinous process line as the body
surface needle point, and the outer edge of intervertebral disc as
puncture direction. 0.5% lidocaine was used for local anesthesia from
skin fascia to the articular surface. After piercing from the puncture
point with an 18 G needle, slowly advance the needle through under
the guidance of C-arm X-ray. Insert MaxMore's “Tom-shidi” sheath
and awl until reaching the junction of medial part of superior joint, tip
of inferior joint and the lateral edge of interlaminar space. Slightly
adjust the direction of the“Tom-shidi’needle according to the disc
protrusion and punch the bone surface at the lateral edge of
interlamina space. After penetrating the medial lamina adjacent to the
upper facet, safely strike the awl into the bone to ensure that the tip of
the needle was located at the pedicle medial margin, and then enter the
lateral recess area directly to the intervertebral space plane. Carefully
fix the position of TOM-shidi needle sheath, then use a 22 G imaging
needle into the intervertebral disc, and infuse the mixed contrast agent
1 ml (iodine 4 ml+1% methylene blue 1 ml mixed liquid). Replace the
guide wire, exit the TOM needle, cut 6-7 mm incision at the puncture
point, and gradually expand the puncture path soft tissue along the
guide wire application expansion device and then gradually use a bone
drill of 4 mm to 8 mm diameter with nerve protection to grind part of
the lamina and the articular facet joint. And then placed in a 7.5 mm
diameter working sleeve under X-ray fluoroscopy monitoring to
ensure that the working tube tip located at the medial margin of the
pedicle (anteroposterior) and the protruded intervertebral space
margin (lateral). During the drilling procedure, a custom unique
design of the tongue-shaped sheath is used, that is, the tip of the casing
is longer and the inserting drill is only the tip which rarely occupies the

space of the spinal canal. Afterwards, the intervertebral foramen
endoscope is placed along the working sleeve. The specific operation
flow is shown in Figure 1.

Figure 1: Operation process of percutanous endoscopic medial
foraminal decompression technique for LDH. A: Puncture point
(dot) and the puncture direction (dashed line); B/C: AP and lateral
views show TOM needle tip is the piercing point; D/E: AP and
lateral views show the direction and angle of TOM needle while
piercing; F/G: AP and lateral views show the power drill is used to
expand work area and arrive at the target site, and the disc contrast
imaging is seen; H: After endoscopic placement, images present that
the disc fiber ring is located at the lateral site of yellow ligament,
and herniated intervertebral disc is located at the shoulder of
walking nerve root just below the yellow ligament.

Contralateral channel established for LSS: If the case suffers from
bilateral lateral recess or canal stenosis, the contralateral channel may
be needed so as to ensure the facet-joint stability and decompression
range. Choosing 1 cm beside the intervertebral segment spinous
process middle line of the target segment as the surface needle point,
and the puncture direction is the contralateral angle of interlamina,
and 0.5% lidocaine is used for anesthesia from skin fascia to the
articular surface. After piercing the 18 G puncture needle from the
puncture point, slowly needle in with the guiding of C-arm X-ray,
needle the tip to reach the junction of contralateral interlaminar angle
through the back side of the ligamentum flavum. Then, implant the
guide wire, replace the taper to expand the soft tissue channel along
the guide wire, gently tap in the cone rod along the guide wire, and
reach the junction of contralateral interlaminar angle. Pull out the
guide wire, place "tongue" casing with 7.5 mm outside diameter along
the cone rod. When the casing tip is back to the dural sac, gently
hammer the casing stuck to the junction. Perspective is to ensure that:
the tip margin of the sleeve is located at the contralateral medial
margin of the pedicle (anteroposterior) and the intervertebral space
margin or the posterior edge of the lower vertebra (lateral). Along the
casing place suitable manual trephine, ring sawing part of the lamina
and zygopophysis joint. Carefully appreciate the feel of the ring saw
and ask the patient's feeling, remove immediately after feeling release.
Seeing the "bone column" embedded in the ring saw, imbed the
endoscope and perform microscopic treatment. Figure 2 shows the
ipsilateral and contralateral channel establishment via a single skin
incision and endoscopic decompression for LSS.
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Figure 2: Bilateral medial foraminal decompression for LSS with
single skin incision. A: AP view shows ipsilateral decompression via
interlaminar angle junction; B: lateral view shows "tongue" sleeve
was placed through canal and at the level beyond lower vertebra
pedicle; C: AP view shows contralatral decompression, the tip of
manual trephine is just at the medial margin of the pedicle; D:
lateral view shows the "tongue" sleeve and trephine are placed
through canal and at the level of intervertebral space; E: bilateral
ring sawing bones from the facet-joint, attached with partial yellow
ligament; F: endoscopic imaging shows the residual yellow ligment
and decompressed dural sac; G: CT imging shows the postoperative
decompressed canal.

Neurological function and clinical efficacy evaluation

The Nerve Function Assessment Scale of the LDH Patients includes
the Lumbar and Leg Pain Visual Simulation VAS Score, the Lumbar
Disease JOA Score [8], the Oswestry Functional Disability Index (ODI)
score [9] and SF-36 Quality of Life Score [10]. All patients were given
neurological assessment, calculation; record the corresponding score
before treatment, after discharge, after treatment 3-6 months and the
last follow-up period, respectively. In addition, the improvement rate
of lumbar decompression was evaluated by the Nakai standard [11]
and JOA score improvement rate, and the clinical improvement
rate=(last follow-up JOA score-preoperative JOA score)/(29-
preoperative JOA score) x 100%.

Statistical methods

SPSS 13.0 statistical software was used for statistical analysis. The
mean and standard deviation of the scores were calculated. The scores
of neurological scores were compared with the number of paired
design data. The difference was statistically significant with P<0.05.

Results

Medial foraminal decompression time 40-125 min, visual average
bleeding <50 ml, 4-8 days in hospital. The follow-up time of 14-31
months, an average of 22.6 + 7.9 months. Clinical efficiency was
routinely evaluated in the recovery of neurological function (Tables 1
and 2).

Time points n VAS JOA oDl
Pre-operative 43 6.42 + 3.58 13.24 + 8.50 2.59+1.38
Post-operative discharged 43 3.25+1.74* 19.58 + 10.03* 1.79 £ 0.97
3-6 months post-operative 43 2.64 £0.99* 24.34 £10.47* 1.87 £ 1.35*
Final follow-up 43 237 £0.82* 23.57 + 11.40* 1.90 + 1.04*
*P<0.01, compared with preoperative scores
Table 1: The comparison of clinical evaluation indexes before and after surgery in patients with LDH or LSS.
Time points n SF-36
PF RP BP vT SF RE MH GH
Pre-operative 43 0.51+0.47 0.21£0.36 0.46 £ 0.42 0.64 £ 0.37 0.57 £0.40 0.59 £ 0.89 0.70 £0.29 0.50 £0.21
Immediately after| 43 0.37+0.61 0.15+0.17 0.50+0.37# | 0.70+£0.52 0.60+0.33# | 0.52+0.56 0.73+0.34 0.57 +0.32#
surgery
Six  months  post-| 43 0.49+0.61* 029+0.26# | 0.52+040# | 080+0.34# | 0.74+0.28%# | 0.49+0.68 0.75+0.30 0.60 + 0.36*
operatively
Final follow-up 43 0.40 + 0.48# 0.30 £ 0.19# 0.21+0.21# 0.82 +0.15* 0.77 £ 0.21# 0.59+0.43 0.76 £ 0.47 0.64 £ 0.41*
?ndicat(;s the significant difference compared with the preoperative scores (P <0.01), # indicates the statistically difference compared with the preoperative scores
P<0.05

Table 2: The comparison of SF-36 before and after surgery in patients with LDH or LSS.

The results showed that VAS, JOA, ODI and SF-36 scores were
maintained at a satisfactory level, which was significantly different
from that before operation (<0.05); postoperative follow-up clinical

symptoms were more satisfactory to improve the basic symptoms of
pain relief, quality of life increased, 3-6 weeks to return to work or
resume daily life. According to the improvement rate of JOA, 22 cases
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were excellent, 16 cases were good, and 5 cases were fair during the
followed-up period. The satisfaction rate was 88.37%. One patient had
postoperative radiation calf pain and foot numbness. One patient with
posterior CT demonstrated the dorsal remnant of the dural sac, but
had the basic relief of lower extremity pain. All patients had no dural
sac tear, nerve root injury, intervertebral space infection, spinal cord
hypertension, postoperative neuropathic pain and other complications.

Discussion

Lumbar foramen endoscopic technique mainly refers to the
operation to get into the intervertebral foramen from the patient's
lower back side or side rear (or flat or oblique way) and operate in the
safe triangle area [12]. Making use of the operation area just outside
the intervertebral disc ring under endoscopic vision, we could clearly
distinguish herniated nucleus pulposus, nerve roots, dural sac and
hyperplastic bone tissue, and remove the prominent pressure [13].
YESS and other transforaminal methods are considered to be the
smallest trauma to patient and best-performing "cost-effective"
minimally invasive therapy for LDH, reaching the target area through
lateral approach, avoiding interference which traditional posterior
open surgery or microendoscopic discectomy may have on the spinal
canal and nerve, without affecting the stability of the spine [14,15].
However, posterolateral transforaminal technology has a longer
learning curve for traditional surgeons without formal training
[16-18]. So many scholars advocate PEID surgery for the treatment of
LDH. Combining endoscopy with the traditional posterior
laminectomy which the spinal surgeon is familiar with, the doctor has
got satisfied clinical efficacy [19].

PEID technology can be seen as an auxiliary technique developed
from PELD technology. It was mainly used in the special case of L5-S1
segment LDH, including Germany Professor Ruetten's first
intervertebral approach full endoscopic technique and Korean
Professor Choi's first inter-lamellar intermittent endoscopic technique
[20,21]. First taking use of the L5-S1 lamellar interstitial wide
anatomical features, Professor Ruetten developed the “full endoscopic”
technique. Putting endoscopy in before the working tube casing into
the spinal canal, biting the yellow ligament under direct eyes,
identifying the nerve root and dural sac, carefully separating, getting
into the working tube layer by Layer, pushing the nerve root to the
inside, removing the prominent disc in the nerve root shoulder is the
feature of Ruetten's technique. The technical characteristics of Ruetten/

PEID technology are after the completion of self-puncture and skin
cut, the operations are all under the endoscope [20]. Then, Professor
Choi further drew lessons from Ruetten's technology with puncturing
directly into the intervertebral disc through the interlaminar space,
putting the guide wire into the guide needle, placing the expansion
rods and working sleeve to squeeze the yellow ligament, dural sac and
nerve root, firstly removing the intervertebral disc, and then gradually
retreating the working endoscope to complete the decompression of
dural sac and nerve root. The technical feature of Choi/PEID
technology is characterized by first put working tube into the spinal
canal then use endoscopy [21]. The specific operations of Choi and
Ruetten techniques are as shown in Figures 3 and 4.

Figure 3: Operation process of Choi/PEID technique. A: PEID
puncture point (dot) and the puncture direction (dashed line); B:
Lateral view shows that the needle tip reaches the posterior edge of
vertebral body; C: Working sleeve directly passes through vertebral
canal and achieve the target disc, the character of Choi/PEID
technology is to firstly place the working sleeve into vertebral canal
before using the endoscope.

A B

C

E

Figure 4: Operation process of Ruetten/PEID technique. A: PEID puncture point (dot) and the puncture direction (dashed line); B/C: AP and
lateral views show that the working sleeve is displayed at the interlaminar gap adhering to the yellow ligament; D: Endoscopic imaging shows
the dissected yellow ligament and the spinal canal structures; E: Step by step to separate under endoscope, showing herniated intervertebral
disc and the compressed nerve root.
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Although the PEID surgical approach to anatomical processes and
open surgery which spine surgeons are familiar with are basically the
same, but the need to cut the yellow ligament during surgery, pull the
nerve root and dural sac with the catheter, inevitably cause interference
to the spinal environment, resulting in the possibility of spinal canal
adhesion, and even cause nerve root traction injury [22]. According to
the author's experience, for the huge armpit LDH PEID surgery, the
nerve root tension is significantly increased, and would simultaneously
cause local edema and allergy. It was difficult to pull the nerve root
away to carry out the shoulder operation, which lead to the intolerance
of severe root pain. It would affect the conduct of the operation and
arouse the postoperative complicated neuropathic pain.

In our opinion, medial foraminal decompression can be beneficial
for LDH treatment and it is characterized by: (1) compared with the
posterolateral transforaminal method, the puncture target is almost the
same, which is at the superior articular process of the ventral side of
the disc-ligament flavum gap. The approach of the technique to reach
the lesion area is much shorter with a smaller trauma. By precisely
positioning and puncturing, it could directly approach the target of the
pressure and the fibrosis rupture. (2) Some scholars suggested that
there be different approach of the PEID through the shoulder, axilla
and shoulder-axillary, which effectively improved the efficiency of the
clinical application of PEID method [23]. The medial foraminal
decompression method is similar to the PEID approached through of
shoulder. But the position direction is more lateral, which could reach
the inside region of the intervertebral foramen. (3) The technique
makes full use of the safe area among the intervertebral disc, the nerve
root canal of the lower lamina, the inner edge of the upper articular
process and the dural sac. It can quickly puncture and reach the target
of the disc herniation without the help of endoscopy. The new type of
the manual drill with the nerve protected blunt head is recommended
by the authors. Considering the feeling and movement function
response from the patients under the local anesthesia, the operation
will be more efficient, safe and practical. In addition, the target of the
bone to puncture and remove is located in the upper part of the
articular process of the ligamentum punctatus. Placing the working
tube at the outside of the yellow ligament may effectively reduce the
stripping and the interference of the structure of the spinal canal. (4)
The tip of the working tube is naturally located at the walking nerve
root of the shoulder. When releasing the nerve root and removing the
pressure-induced protrusion, there is no need to deliberately retract
the nerve root, which can lower the probability of the severe root pain
during the operation. There's a unique advantage of this method for
the common shoulder type of the LDH. For the armpit and the ventral
type of the LDH, generally, there is the need to remove some of the
nucleus pulposus in the nerve root shoulder to reduce the nerve root
tension and then pull it inside to remove the pressure target. Due to the
fact that the grinding part of the articular process is non-stressed and
there exists space on the lateral of the shoulder nerve root, usually
there is less pain derived from nerve root pull compared with Ruetten
or Choi/PEID method. (5) The puncture point is located at the lateral
lamina and the region of the articular process and the surgical area was
located near the medial margin of the pedicle. Due to a small amount
of grinding off the articular process joints which is non-stress zone
bone, it will not affect the segment stability. (6) The anatomical
structure of the posterior surgery is clearer. The puncture angle and the
direction is easier to control, which makes it conducive to judge
accurately and find the lesions. The incidence of postoperative pressure
residue is also lower. (7) For the rupture-type LDH, prominent nucleus
pulposus is more often in a downward displacement. When

conducting the medial foraminal decompression treatment, the
doctors should appropriately reduce the tilt angle of the puncture
needle. The working tube can reach the lower level of the vertebral
pedicle. But if the protrusion shifts too much further, the application of
the method would have its limitations.

Conclusion

Combining with ipsilateral and contralateral channel operation, we
could perform satisfactory decompression of the lateral recess and
spinal canal stenosis. Because the working channel can go through the
medial part of superior facet joint, the lateral recess will be opened
during the grinding, which can effectively treat the cases of the lumbar
degeneration with the lateral recess stenosis. If the method could be
applied with the posterolateral foraminoplasty methods, there would
be a chance to arouse the effect of the lumbar spinal stenosis with
complete decompression around the nerve root [24]. Additionally,
combining with the precise surgical tool, such as laser, the constant
effective dissection and ablation for bone and soft tissue can be
achieved for further decompression effects. The use of medial
foraminal decompression technology to deal with lumbar spinal
stenosis has several advantages: (1) Puncturing at one point can cause
bilateral decompression. The use of special ring saw to grind the
proliferation of small joints can effectively expand the spinal volume.
(2) Due to the unique design of the tongue-shaped sleeve, the tip rarely
occupies the space of the spinal canal; the patient experience is good
with less pain and effectively avoids the crush to the nerve root and
dural sac. (3) Grinding small amount of facet joint which has cohesion
hyperplasia will not affect the stability of the responsibility phase due
to the grinding off joint is non-stress zone bone. (4) The custom ring
saw has a higher efficiency; you can quickly remove the facet joint of
cohesion hyperplasia, more time-saving than the microscopic power
system operation, and can neatly and completely remove the
hyperplastic bone. Greatly save the difficulty and time of microscopic
operation. (5) Due to the unique design of the tongue-shaped casing
and cross-catheterization, the microscopic scope of the yellow
ligament is greater than the usual working casing which is convenient
to remove more thicken yellow ligament. (6) For the contralateral
puncture catheter, because the tip of the casing points to the
contralateral side of the lateral recess, we can more easily open the
narrow side of the recess without grinding up too much facet joint that
will be beneficial for lumbar spine stability, especially for high level
lumbar spine stenosis.

The technique of medial foraminal decompression arised from the
treatment of herniated disc herniation, and was later found to be more
widely used in lumbar spinal stenosis. Given that the two diseases were
treated with essentially the same technique and the main purpose of
the study is to verify the safety, efficiency and indication of the clinical
application, we did not classify specifically the lumbar degenerative
diseases. This study showed that the effect using medial foraminal
decompression treatment for LDH and LSS is good with less
postoperative complications. The technique also has a unique
advantage in dealing with L4-S5 and L5-S1 segment LDH. Patients can
quickly return to work or the original state of life. Lumbar medial
foraminal decompression experiences and techniques can be used for
LSS treatment, showing a good application prospects and
expandability. Anyway, this technique also has drawbacks, such as
limitation for the treatment of extreme lateral LDH, disturbance of the
spinal canal, and the operation skills must be rigorously trained, etc. In
view of the application of the medial foraminal decompression
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technique is just at the beginning, there still lacks a large number of
cases and long-term follow-up clinical study. We believe that
satisfactory surgical efficacy will promote the related anatomy and
biomechanical research as well as prospective study and evaluation.
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