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Abstract:

Introduction: There have been several reports on surgical techniques involving microendoscopy or percutaneous endo-
scopy for treating lumbar foraminal stenosis (LFS). However, no studies have assessed the mid-term clinical results of endo-
scopic techniques in spite of their relatively long history. In this study, we report 20 consecutive cases of LFS treated by
our microendoscopic technique focusing on clinical results with a follow-up of at least two years.

Methods: Twenty consecutive cases of LFS treated with microendoscopic decompression were followed up at 1, 2, 6,
and 12 months postoperatively and annually thereafter. The patients were 14 males and 6 females, and the mean age at the
time of surgery was 64.7 years. The Japanese Orthopaedic Association (JOA) score was used as the clinical outcome index.

Results: Of the 20 patients, 16 were monitored successfully for more than 2 years. The follow-up rate was 80.0%, and
the mean follow-up period was 66.3 months. The JOA score improved from 13.8 points before surgery to 24.6 points at fi-
nal follow-up. Revision fusion surgeries were performed in two cases for LFS recurrence.

Conclusions: The microendoscopic technique effectively treats LFS.
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Introduction

There is no standardized diagnostic imaging technique for
lumbar foraminal stenosis (LES), so this disease can be eas-
ily overlooked and result in failed back surgery syndrome.
In many cases, the whole length of the nerve root, from the
spinal canal to the extraforaminal zone, must be decom-
pressed surgically since it is difficult to identify the nerve
compression site before surgery; as a result, preserving the
posterior elements is difficult. Therefore, total facetectomy
combined with spinal fusion using spinal instrumentation is
normally performed.

Microendoscopic discectomy (MED), developed by Foley
and Smith", is used to treat lumbar disc herniation. Because
of recent advances in surgical techniques and instruments,
spinal microendoscopy is also used for various conditions
such as lumbar spinal stenosis (LSS) and cervical myelopa-
thy*”. For lumbar lateral lesions, especially far-lateral lum-
bar disc herniation and far-out syndrome, spinal microendo-

scopy, which can reach deeper into the body less invasively,
is becoming the standard procedure*”.

We previously reported a microendoscopic technique to
decompress the entire length of the nerve root, from the spi-
nal canal to extraforaminal zone, while preserving the poste-
rior elements in LES patients”. Similar techniques with mi-
croendoscopy or percutaneous endoscopy for treating LFS
have been reported by several authors™. However, during
our literature search using PubMed, we found no studies
that have assessed the mid-term clinical results of such en-
doscopic techniques, in spite of their relatively long history.
The mid-term results might suggest problems, such as dete-
rioration of clinical results, because of intervertebral fora-
men restenosis. In this study, we report 20 consecutive cases
of LFS treated by our method focusing on clinical results
with a follow-up of at least two years.
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Figure 1.
produced from [6] (with permission).
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Schematic drawings of the surgical procedure. The shaded portion indicates the bone resection range. The figures are re-

A. Axial view. The tubular retractor is placed in an inward-tilting position. The decompression range can reach the lateral border of the

spinal canal without damaging posterior elements, such as the facet joints and pars interarticularis.

B. Posterior view. The entire length of the nerve (nerve root, dorsal root ganglion, and spinal nerve), from the lateral border of the spi-

nal canal to the outside of the intervertebral foramen, can be decompressed.

C. Lateral view. The caudal part of the pedicle and cranial part of the superior articular process are removed. Both up-down stenosis

and front-back stenosis can be eliminated.

Materials and Methods

Patient data

Microendoscopic decompression for LFS was introduced
in Sapporo Medical University Hospital in 2008. The first
20 consecutive patients treated with this technique between
2008 and 2016 were followed up at 1, 2, 6, and 12 months
postoperatively and annually thereafter. The patients were 14
males and 6 females and the mean age at the time surgery
was 64.7 years (range 52-80 years). Seven patients who had
degenerative lumbar scoliosis (DLS) with Cobb angles of
more than 10 degrees were included in this series. Three pa-
tients had undergone posterior decompression for central
stenosis previously, but their leg symptoms persisted.

All patients had intermittent claudication with unilateral
radicular pain. The preoperative diagnoses were based on
detailed neurological examinations, selective nerve root
blocks, lumbosacral roentgenographies, and magnetic reso-
nance imaging (MRI) or computed tomography (CT) studies
after radicurography®. Cases of far-lateral lumbar disc herni-
ation and far-out syndrome were excluded. Patients were
candidates for surgery if conservative therapies such as ad-
ministration of prostaglandin E1 and analgesics, epidural
block, and selective nerve root block, for at least three
months were ineffective. The most frequently decompressed
level was L5-S1 (16 patients), followed by L5-L6 (2 pa-
tients) and L4-L5 (2 patients).

Surgical procedure

All procedures were performed according to the method
described by Yoshimoto et al®. Surgery was conducted under
general anesthesia with the patient in a prone position on
the Hall frame. A longitudinal skin incision of 16 mm was
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made 6 to 8 cm lateral to the midline. The METRx MED
system (Medtronic Sofamor Danek, Memphis, TN) was used
for surgery. After dissection of the fascia, a dilator with a
diameter of 5.3 mm was inserted toward to the base of the
transverse process of the upper vertebra, with the dilator
tilted inward at a 45-degree angle or greater, using x-ray
fluoroscopy. A guide wire was not generally used. Dilators
with larger diameters were inserted sequentially, and a tubu-
lar retractor with a diameter of 16 mm was placed.

The first step was to fully expose the caudal half of the
base of the transverse process of the upper vertebra and the
lateral edge of the lamina using an electrocautery knife.
Since this surgery involves a pinpoint approach, making
visualization of the entire area difficult, complete exposure
of this region as a landmark is essential to avoid disorienta-
tion of the surgeon. Using an air drill, approximately one-
third of the pedicle was excavated caudally from the base of
the transverse process toward the spinal canal from the inner
side, preserving the medial and caudal cortex. The medial
and caudal cortex of the pedicle was thinned from the inner
side, little by little, using an air drill. The nerve root became
visible after the pedicle cortex was resected. Compression
factors around the nerve were excised from the spinal canal
to the extraforaminal zone, decompressing the nerve root,
dorsal root ganglion, and spinal nerve. Up-down stenosis
was eliminated by removing the caudal aspect of the pedi-
cle, and front-back stenosis was eliminated by removing the
ligamentum flavum, or cranial part of the superior articular
process of the lower vertebra. The decompression range can
reach the lateral border of the spinal canal without damag-
ing posterior elements, such as the facet joints and pars in-
terarticularis, since the tubular retractor is placed in inward-
tilting fashion (Fig. 1). A standard microendoscopic spinal
canal decompression was combined for cases with stenosis
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Table 1.
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Degenerative Lumbar Scoliosis with Cobb Angle >10 Degrees and Cobb Angle Changes.

Patient number

Pre-operative DLS and Cobb angle

Post-operative DLS and Cobb angle

1 12.5 19.0
2 - -
3 15.9 22.5
4 12.0 11.8
5 - -
6 - -
7 - -
8 - -
9 16.3 17.0
10 - -
11 - -
12 - -
13 - -
14 25.5 25.3
15 - -
16 - -
DLS=degenerative lumbar scoliosis
of the central canal and lateral recess. Patients were encour- Results

aged to walk on the first postsurgical day.

For patients where L5-S1 is affected, the iliac crest may
become an obstacle, limiting lateral approaches to the le-
sion. In such cases, the tubular retractor is inserted from the
cranial side, avoiding the iliac crest. CT or MRI should be
used to make pre-surgical decisions regarding the direction
of insertion of the tubular retractor and the point of skin in-
cision.

Clinical evaluations

The Japanese Orthopaedic Association (JOA) score (—6-29
points) (Appendix 1) was used as a clinical outcome index.
The rate of improvement in JOA score was calculated as
follows: (postoperative score-preoperative score) / (29-
preoperative score) x 100 %. Cases where JOA score im-
provement was less than 50% were recorded as “poor out-
come” cases. Required revision surgeries were also re-
corded. Postoperative DLS progression was evaluated using
anteroposterior view radiographs at final follow-up. All
clinical and radiographic data were collected prospectively,
and this study is a retrospective review of that data.

Statistical analysis

Changes in JOA scores were analyzed by paired Student’s
t-test. A p-value of less than 0.05 was considered statisti-
cally significant.

Ethics

This study was conducted in compliance with the Decla-
ration of Helsinki. Written informed consent was obtained
from all patients before treatment, and the study protocol
was approved by the hospital Institutional Review Boards.

Seven patients underwent the combined procedure be-
cause slight stenosis of the lateral recess was seen on CT-
myelography. The other 13 patients underwent microendo-
scopic foraminal decompression alone.

Follow-up status

Of the 20 patients who underwent the procedure, 4 pa-
tients stopped coming to their scheduled clinic visits and did
not respond to our letters. The remaining 16 patients, who
were successfully monitored prospectively for more than
two years, were enrolled in further clinical studies. The
follow-up rate was thus 80.0%, and the mean postoperative
follow-up period was 66.3 months (range, 24-105 months).
Of the 16 patients, 5 had DLS with Cobb angles of more
than 10 degrees (Table 1).

Clinical outcomes

JOA scores improved significantly after surgery in all
cases. The mean JOA score was 13.8 points (range, 7-22)
before surgery and 24.6 points (range, 14-29) at final
follow-up (Fig. 2). The mean improvement rate at the final
follow-up was 63.9 % (range, —42.9-100). The mean im-
provement rates by procedure were 60.1 % in patients who
underwent L5-S1 surgery and 67.4 % in patients with differ-
ent surgeries (i.e., L4-5 or L5-L6). This difference was not
significant. Fig. 3 indicates JOA score changes in each case.
The significant improvements in JOA scores were main-
tained until the final follow-up in nine patients. However,
JOA scores deteriorated in two patients at final follow-up
(patients 1 and 2). Patient 1, who underwent L5-S1 surgery
suffered from low back pain caused by progressive DLS,
with a Cobb angle change from 12.5 to 19.0 degrees, fol-
lowed by coronal trunk shift. Patient 2, who underwent L5-
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Figure 2. Preoperative and postoperative Japanese
Orthopaedic Association scores.

S1 surgery, experienced deterioration in daily living activi-
ties because of dislocation after total hip arthroplasty and ar-
teriosclerosis obliterans. Five patients (3-7) experienced de-
teriorated JOA scores and required revision surgery. DLS
progressed in two patients, but no de-novo DLS occurred
during follow-up (Table 1).

Revision surgeries (patients 3 to 7)

Revision surgeries were performed in two cases for LFS
recurrence at the operated level (patients 3 and 4), and in
three cases for lumbar disc herniation or LSS at other levels
(patients 5, 6, and 7). The two patients with LFS recurrence
underwent transforaminal lumbar interbody fusion (TLIF) 30
and 34 months after surgery, respectively, and the patients
with lumbar disc herniation or LSS at other levels under-
went microendoscopic discectomy or decompression 19, 30,
and 55 months after surgery.

Cases presentations

Patient three

A 64-year-old woman underwent microendoscopic de-
compression for LFS on the right side at L4-5. Immediately
after surgery, the pain in her right leg was greatly improved,
and the JOA score improved from 13 points before surgery
to 22 points six months after surgery. However, leg pain re-
curred, the JOA score deteriorated to 9 points, and she un-
derwent TLIF 34 months after decompression surgery. A
coronal image of reconstructed three-dimensional CT
showed recurrence of foraminal stenosis at the operated
level because of DLS progression; the Cobb angle increased
from 15.9 to 22.5 degrees (Fig. 4).

Patient four

A 64-year-old man underwent microendoscopic decom-
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Figure 3. Changes in the Japanese Orthopaedic Association
scores in each case. Numbers indicate each patient.

pression for LFS on the right side at L5-S. Immediately af-
ter the operation, the pain in his right leg was greatly im-
proved and the JOA score improved from 13 points before
surgery to 26 points 6 months after surgery. However, leg
pain recurred, the JOA score deteriorated to 9 points, and he
underwent TLIF 30 months after decompression surgery.
Anteroposterior radiographs did not show DLS progression
with 12 degree of Cobb angle (L.2-L4), but a coronal image
of reconstructed three-dimensional CT showed recurrence of
foraminal stenosis at the operated level because of bone re-
growth of the L5 pedicle (Fig. 5).

Discussion

LFS is defined as compression of a nerve at a site be-
tween the medial and lateral borders of the pedicle'®. Vari-
ous degenerative changes, such as narrowing of the interver-
tebral disc space, degenerative lumbar scoliosis, bulging of
the intervertebral disc, vertebral body osteophyte formation,
anterior and posterior spondylolisthesis, and hypertrophy of
the ligamentum flavum, can cause LFS. Because there is no
standardized diagnostic imaging technique for LFS, it is
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Figure 4. Coronal images of reconstructed three-dimensional computed tomography in patient 3.

A. Before surgery.

B. Six months after surgery. Clearance between the L4 and L5 pedicles was enlarged by removing the caudal

aspect of the L4 pedicle (circle).

C. Thirty-four months after surgery. Clearance between the L4 and L5 pedicles decreased because progressed

degenerative scoliosis (circle).

Figure 5. Coronal images of reconstructed three-dimensional computed tomography in patient 4.

A. Before surgery.

B. Six months after surgery. Clearance under the L5 pedicle was enlarged by removing the caudal aspect of the

L5 pedicle (circle).

C. Thirty months after surgery. Clearance under the L5 pedicle decreased because of bone regrowth of the L5

pedicle (circle).

usually difficult to identify the nerve entrapment site. Conse-
quently, the entire length of the nerve (nerve root, dorsal
root ganglion, and spinal nerve), from the inside of the spi-
nal canal to the outside of the intervertebral foramen, must
be decompressed in most cases. Therefore, a combination of
total facetectomy and spinal fusion surgery has generally
been used. Although the posterior elements can be preserved
by combining medial facetectomy and lateral fenestration,
the nerves running under the preserved pars interarticularis
cannot be decompressed with this method'”. In addition, be-

cause of the deep location of the intraforaminal lesions, sur-
gery is technically challenging and more invasive.

The major advantage of the microendoscopic technique is
that the surgeon can reach deep into the body, with rela-
tively free angles, less invasively. It is unnecessary to stick
to the paraspinal posterior approach reported by Wiltse et
al.'"”, and the tubular retractor can be inserted from an ex-
treme lateral position at a strongly tilted angle. Moreover, an
oblique viewing endoscope makes the visual field wider.
This technique facilitates decompression of the entire nerve
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Table 2. Literature Reports on Fusion Surgery for Lumbar Foraminal Stenosis.

Average Follow-up

Recovery Rate of

Author Number of Cases Period (Months) the JOA Score (%) Re-operation (%)
Fujibayashi et al.'? 16 23.1 89.1 6.3
Xing et al.'¥ 36 N.A. 31.1 N.A.
Watanabe et al.'> 31 31 67.1 N.A.
Current study 16 66.3 63.9 12.5

N.A.=not available, JOA=Japanese Orthopaedic Association

length, from the spinal canal to the extraforaminal zone,
without damaging posterior elements such as the facet joints
and pars interarticularis. Also, using the tubular retractor
minimizes muscle invasion.

Clinical results of the microendoscopic technique used in
this study were favorable and similar to those of TLIF and
posterior lumbar interbody fusion (PLIF), which are conven-
tional LFS treatment methods (Table 2)"*'Y. However, two
patients experienced deterioration of clinical outcomes, and
revision surgery for LFS recurrence was required in two
other cases.

DLS, which is common among the elderly population, is
a major cause of LFS". Actually, of the 16 patients who
were successfully followed up more than two years in this
study, 5 (31.3%) had DLS with Cobb angles of more than
10 degrees. Of these five patients, two showed increases in
Cobb angle; one underwent TLIF for recurrence of LFS at
the operated level, and the other suffered from low back
pain with deterioration of JOA scores. The remaining three
patients with DLS, however, did not show increases in Cobb
angle; two maintained favorable clinical results at final
follow-up, and one had recurrence of foraminal stenosis be-
cause of bone regrowth. No de-novo DLS occurred during
follow-up.

DLS progression caused by degenerative change, such as
lateral disc space wedging, may lead to recurrence of foram-
inal up-down stenosis directly. In other words, predicting
curve progression is the key to selecting the current mi-
croendoscopic technique or other fusion surgeries. However,
there are few reports about risk factors for curve progression
after decompression surgery in the literature. With regard to
LSS with DLS, Hosogane et al'®. reported that, although
curve progression after decompression surgery could not be
predicted from the preoperative factors, spur formation on
the concave side of the curve, which might stabilize the
spine, may be a candidate factor in reducing curve progres-
sion risk. Though the current technique with microendo-
scopy seems to maintain the coronal balance in most cases,
without or with mild DLS, further studies and additional
data on curve progression after decompression surgery are
needed not only for LSS, but also for LES.

Theoretically, compared to decompression alone, spinal
fusion requires more aggressive intervention, requires longer
operative times, and necessitates spinal implant insertion. All
of these may increase the risk of complications. Therefore, it
is reasonable to choose decompression alone when the pa-
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tient’s primary symptom is neurogenic claudication, espe-
cially for elderly patients with comorbid conditions. Devel-
opment of adjacent segment disease is another major issue
encountered after spinal fusion. The current microendo-
scopic procedure seems to offer the potential for avoiding
unnecessary fusion surgery in LFS cases. We recommend
the current minimally invasive microendoscopic method for
patients who have LFS with neurogenic claudication as a
primary symptom without or with mild DLS.

There are several limitations to this study; the most sig-
nificant is the lack of a control group in which LFS patients
were treated with other surgical methods. The small number
of patients is another shortcoming of our work. In addition,
a detailed study about the frequency and degree of bone re-
growth of the pedicle would optimize the degree of pedicle
removal and avoid foraminal stenosis recurrence.
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