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Background: Lateral recess stenosis is a common pathology causing de-novo or residual radicular pain
following lumbar spine surgery. Diagnostic criteria and treatment strategies for symptomatic lateral recess
stenosis are not well established.

Methods: We identified ten patients in our prospective patient database (n=146) who underwent
endoscopic interlaminar decompression for unilateral symptomatic lateral recess stenosis. Lateral recess
height and angle were measured on axial T2-weighted MRI. Values from the symptomatic side were
compared to the contralateral side which served as asymptomatic control. Oswestry Disability Index (ODI)
and Visual Analogue Scale (VAS) for back and leg pain were collected preoperatively, postoperatively and at
last follow-up.

Results: Preoperative MRI revealed that both lateral recess angle and height were significantly smaller on
the symptomatic compared to the asymptomatic side (angle: 19.3° vs. 35.7°; height: 2.9 vs. 5.7 mm; P<0.01).
All patients tolerated endoscopic interlaminar decompression well and half of the patients were discharged
on the day of surgery. At last follow-up (12.6+1.7 months), 8 out of 10 patients experienced a minimally
clinically important improvement of their VAS for ipsilateral leg pain, which improved from 7.2+0.5
preoperatively to 2.5£0.8 postoperatively (P=0.001). The back pain VAS also improved (preoperatively
5.1£1.1 vs. postoperatively 1.7+0.9, P<0.05). The ODI improved from 50+5.8 preoperatively to 22.2+5.1 at
last follow-up (P=0.001). One patient experienced persistent leg pain.

Conclusions: Lateral recess height and angle correlate with symptomatic lateral recess stenosis which is

effectively treated utilizing interlaminar endoscopic lateral recess decompression.
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Introduction

Degenerative changes of discs, facet joints and ligamentum
flavum may lead to narrowing of the spinal canal (stenosis)
and neurological symptoms once neurovascular structures
are entrapped (1). The diagnosis of lumbar spinal stenosis
is common among patients older than 65 years old (2).
The Framingham population study found that 19-47% of
Americans older than 60 years of age display radiographic
evidence of spinal stenosis depending on criteria used.
Moreover, 13-14% of patients with low back problems
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who see a specialist and 3-4% of patients who see a general
physician are diagnosed with lumbar spinal stenosis (3).
Accordingly, spinal stenosis is the most common indication
for spine surgery in patients older than 65 years (4).
Anatomically, the spinal canal has been divided in two main
regions, central and nerve root canal. Stenosis can occur
in either or both regions. The nerve root canal has been
divided to three zones: lateral recess, foraminal region,
and extra-foraminal region (5). The current report focuses
on the lateral recess which constitutes the entrance zone
for lumbar nerve roots entering the nerve root canal. The
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Figure 1 Intraoperative view of a stenotic contralateral L4/5 lateral recess. (A) The traversing L5 nerve root (arrow) is seen within the

lateral recess bordered posteriorly by the yellow ligament (y) which covers the anterior portion of the facet joint; (B) partial removal of the

yellow ligament (y) reveals the L4/5 facet joint formed by the inferior (i) and superior (s) articular processes. The traversing nerve root is

marked with an arrow.

lateral recess is localized underneath the superior articular
process and is confined by anterior and posterior walls. The
anterior wall is formed by the annulus of the disc and the
posterior wall by the facet joint (5) (Figure 1). The most
common pathologies leading to lateral recess stenosis are
hypertrophic facet joint osteoarthritis, bulging of the disc
annulus or posterior endplate osteophytes (5-7). Diagnosis
of symptomatic lateral recess stenosis is controversial.
Neither optimal imaging modality nor radiographic criteria
have been established for diagnosis of lateral recess stenosis.
The North American Spine Society suggests MRI as the
best noninvasive imaging modality to evaluate the spinal
canal anatomy in patients with radicular symptoms (1).
However, the sensitivity of current MRI criteria to detect
lateral recess stenosis has been suggested to be only
approximately 60% (8). Conventional myelography has
been proposed to have a higher sensitivity to detect lateral
recess stenosis (8). Moreover, a great variety of radiographic
criteria such as lateral recess height, depth and angle have
been proposed (8-11).

Symptomatic lateral recess stenosis is typically first
treated with conservative management includes NSAIDs,
physiotherapy, spinal injections, lifestyle modification,
and multidisciplinary rehabilitation (12). Surgery is
recommended for patients who fail to response to non-
surgical treatments (13). Surgical procedures aim to
decompress the nerve root emerging from the thecal sac
along its course in the lateral recess. A multitude of surgical
procedures for surgical decompression of symptomatic
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lateral recess stenosis have been described ranging from
standard open laminectomies to minimally invasive
decompressive techniques (14-22). In the current study we
describe the surgical technique of endoscopic interlaminar
lateral recess decompression in a small cohort of patients
with unilateral symptomatic lateral recess stenosis with
well-defined radiographic criteria.

Methods
Patient cohort

Our prospective database of 146 endoscopic spine
procedures performed at the University of Washington
between September 2014 and May 2016 was screened for
patients who had undergone endoscopic medial facetectomy
for unilateral single level symptomatic lateral recess stenosis
by a single surgeon (Christoph P. Hofstetter). All patients
had unilateral radicular symptoms from impingement of
the traversing nerve root within the lateral recess. Patients
included in the current cohort had failed conservative
therapy including at least 6 weeks of physiotherapy,
NSAIDs, nerve blockade or epidural steroid injections.
Patients were excluded if they had symptomatic central
canal stenosis, symptomatic contralateral lateral recess
stenosis, dynamic instability (more than 3 mm motion on
flexion/extension X-rays) or a sequestered disc fragment.
We recorded patient demographics, preoperative imaging,
operative details, clinical outcomes, and complications.
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Figure 2 Illustration of lateral recess measurements on an axial
T2-weighted image at L4/5. Traversing nerve roots are outlined
red. The lateral recess angle is drawn between tangents of the disc
annulus and the facet joint centered in middle of the traversing
nerve root. The lateral recess height is measured along a sagittal

plane at the medial margin of the traversing nerve root.

Outcomes were measured using VAS and ODI scores (23)
at 2 weeks, 3 months and at last follow-up. For the ODI, 12
points were regarded as the minimally clinically important
difference (MCID) (24-26) and for the VAS the MCID was
3 points (24,27,28).

Preoperative imaging

All patients included in the current report underwent
preoperative flexion and extension X-rays of the lumbar
spine to rule out dynamic instability. Dynamic instability
was defined as more than 3 mm translational movement in
on anteroposterior (AP) direction (29). Preoperative MRI
studies of the lumbar spine were reviewed independently by
Zeinab Birjandian and Christoph P. Hofstetter and values
averaged. T2-weighted axial images parallel to the axis of
the index level intervertebral disc were analyzed. Lateral
recess angle and height were measured to quantify lateral
recess stenosis (9-11,30,31). The lateral recess angle was
measured between tangents of the disc annulus and the
facet joint centered in middle of the traversing nerve root.
The lateral recess height was measured along a sagittal
plane at the medial margin of the traversing nerve root. If
the nerve root was not visible due to severe compression
the medial margin and the middle of the nerve root were
determined at the adjacent rostral and caudal images and
the mediolateral nerve root location was averaged (Figure 2).
We also measured the area of the nerve root at the site of
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maximum compression as well as at the midpedicular level
of the caudal segment. Measurements were carried out on a
PACS workstation (Centricity PACS, GE Healthcare).

Surgical technique

Set-up and approach

The patient undergoes general endotracheal anesthesia
and is positioned prone on a Jackson table with a Wilson
frame. Attention is given to maximize kyphosis of the
patient, this may be achieved by raising the Wilson frame
or adding rolls underneath the anterior superior iliac
spine. Once the patient is prepped and draped, an AP
X-ray is obtained to determine the appropriate level and
the optimal craniocaudal angle of the surgical corridor.
Typically, tilting the C-arm 10-15 degrees caudally from
an initial endplate view of the caudal vertebral body allows
to minimize removal of the inferior articular process.
Utilizing the determined craniocaudal tilt, the skin incision
is marked where the inferior margin of the lamina intersects
with the middle of the disc space (Figure 3). A stab incision
is made through skin and thoracolumbar fascia using an
11-blade. The trocar is advanced through the incision
toward the inferior margin of the lamina. The caudal
margin of the lamina is palpated with the trocar. Excessive
movement of the trocar should be avoided to minimize
muscular bleeding. Typically, one more confirmatory
AP X-ray is obtained and the c-arm is moved out of the
operative field. Then, the working cannula with the bevel
facing medially is introduced over the trocar. The working
cannula needs to be advanced until the lamina is palapated,
insufficient advancement will lead in incomplete retraction
of the paraspinal muscles. The trocar is then removed and
the endoscope is introduced. The Trigger Flex bipolar
electrode and micro punches are utilized to define the
inferior margin of the lamina and the medial aspect of the
facet joint.

Decompression

A high-speed diamond drill is used to resect the caudal
portion of the rostral lamina and the medial aspect of
the facet joint (Figures 3 and 4A4). At this point, the
yellow ligament is identified and dissected along its fibers
under using the open micro punches (Figure 4B). Yellow
ligament is resected piecemeal using micro punches and
kerrison rongeurs. At this point the thecal sac is visualized
and the lateral margin of the traversing nerve root is
identified (Figure 4C). The high speed diamond drill is
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Figure 3 Interlaminar approach. (A) Intraoperative AP X-ray depicting marking for the skin incision for a L4/5 medial facetectomy; (B)
cartoon illustrating the lumbar spine; (C) boxed area in panel B depicts a close up of the lateral recess. The green area indicates bone
removal of the inferior articular process and the blue area indicated the area of bony resection of the superior articular process. Note that an

attempt is made to undercut the inferior articular process.

Figure 4 Intraoperative steps for lateral recess decompression. (A) Following resection of the medial portion of the inferior articular process (i)
the superomedial aspect of the superior articular process is exposed; (B) resection of the yellow ligament is carried out using micropunches; (C)
following resection of the yellow ligament the traversing nerve root (t) is exposed. A small synovial cyst (arrow head) is seen along the medial
aspect of the superior articular process (s); (D) complete decompression of the traversing nerve root (t) is achieved by resecting the synovial
cyst and medial portion of the superior articular process.
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Table 1 Radiographic features
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Lateral recess measurements Ipsilateral Contralateral P value
Lateral recess angel (degrees) 19.3+1.5 3517310 P<0.01
Lateral recess height (mm) 2.9+0.3 5.7+0.2 P<0.01
Nerve area at the disc (mm?) 12.6+2.1 30.3+4.3 P<0.01
Nerve area at caudal mid-pedicle (mm2) 48.5+6.0 40.5+6.3 NS

used to undercut the facet joint until the lateral margin
of the traversing nerve root is decompressed. Given
the 25 off axis optics of the endoscope, rotation of the
endoscope helps with direct visualization of the nerve
root and to undercut the facet joint. At this point the
superior articular process is identified. It is resected along
the lateral margin of the traversing nerve root together
with the most rostral part of the rostral portion of the
next level lamina (Figure 4D). Gentle lateral pressure
onto the inferior articular process facilitates undercutting
of the joint. Once the traversing nerve is visualized it is
mobilized using the blunt dissector. Adhesions that cannot
be freed by blunt dissection are sharply dissected using the
scissors and/or Trigger Flex. The annulus and endplates
anterior to the traversing nerve root are visualized. Once
the nerve is mobilized a small side biting drill is used
to obtain a smooth bony edge lateral to the nerve root.
Direct visualization of the traversing nerve root should be
obtained from the tip of the superior articulating facet to
the midpedicular line of the caudal pedicle, which may be
verified using fluoroscopy.

Closure

Once hemostasis is achieved the endoscope and working
cannula are removed. Closure is carried out in a layered
fashion, with 0 Vicryls for the subcutaneous tissue, followed
by a subcuticular 4-0 biosyn for the skin. Steri strips are
placed to approximate the wound edges and the wound is
covered with primapore.

Statistical analysis

Continuous variables are shown as means = standard
error of the mean (SEM). Lateral recess angles and height
between symptomatic and non-symptomatic side were
compared using the nonparametric Wilcoxon Signed Rank
test. Repeated measurements including VAS and ODI
were compared using a paired-sample T-test. Statistical
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calculations were carried out using SPSS 24 for Mac.

Results
Patients

The current study includes ten patients with unilateral
symptomatic lateral recess stenosis. The patient group
consisted of four men and six women with an average
age of 58.4 (range, 36-72) years. The average duration
of symptoms was 16.2+4.6 months prior to surgery. All
patients had radicular pain symptoms consistent with the
nerve root involved. Focal lower extremity weakness was
observed in 70% (7 out of 10). None of the patients had
bladder or bowel dysfunction.

Radiographic diagnostic criteria

The diagnosis was based on a combination of unilateral
radicular leg pain with corresponding ipsilateral lateral
recess stenosis. Measurements of the lateral recess angle at
the symptomatic level (I.3/4 for L4 radiculopathy, L4/5 for
L5 radiculopathy, and L5/S1 for S1 radiculopathy) revealed
that the lateral recess angle was significantly smaller
(19.3°+1.5°) at symptomatic compared to the contralateral
side (35.7+3.0, P<0.01, Table I). Lateral recess height was
also significant smaller on the symptomatic compared to
the asymptomatic side (2.9+0.3 vs. 5.7+0.2 mm, P<0.01).
Accordingly, the area of the nerve root at the site of
maximum compression was significantly smaller on the
ipsilateral compared to the contralateral side (12.6+2.1 vs.
30.3+4.3, P<0.01). No significant difference was detected in
the area of the affected nerve at the mid-pedicle are of the
caudal segment.

Surgical outcome

The mean operative blood loss was 14.6+2.7 mL and the
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mean operative time was 137.6=11.3 minutes. The level
of surgery was L3/L4 in two patients (20%), L4/L5 in 6
patients (60%), and L5/S1 in the remaining two patients
(20%, Tuable 2). The mean hospital stay was 0.8+0.3 days.
Half of our patients were discharged home the same day
of surgery. There were no intraoperative or perioperative
complications. One patient experienced exacerbation of
her back pain immediately after surgery but the pain had
subsided at the 2 week follow up (0/10 VAS for back pain).
At the time of last follow-up 12.6+1.7 months after the
surgery, 8 out of 10 patients (80%) experienced a MCID
improvement of their leg pain. Patients experienced
significant improvement of the VAS for ipsilateral leg

Table 2 Operative features

Surgical variables Data

Level of surgery, n (%)

L3/L4 2 (20%)
L4/L5 6 (60%)
L5/S1 2 (20%)

Estimated blood loss, (mL)? 14.6+2.7 (2; 25)

Operative time, (min)* 137.6+10.6 (97; 194)

Hospital stay, (days)® 0.8+0.3 (0; 3)

?, continuous data shown as mean + standard error of mean,
(min; max).
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pain (preoperatively 7.2£0.5 vs. postoperatively 2.5+0.8,
P=0.001, Figure 5). A similar degree of improvement was
also recorded for VAS hip and buttock pain (preoperatively
6.8+0.9 vs. postoperatively 1.4+0.5, P<0.001). The VAS
back pain also improved (preoperatively 5.1x1.1 vs.
postoperatively 1.7+0.9, P<0.05). Prior to surgery patients
were moderately disabled as indicated by an ODI (Oswestry
Disability Index) of 50+5.8. At the time of last follow up,
7 out of 10 patients (70%) achieved a MCID for their
ODI. Endoscopic lateral recess decompression resulted
in a significantly improved ODI (22.2+5.1) compared to
preoperative values (P=0.001).

One patient, a 59-year-old male experienced persistent
leg pain despite successful decompression of the lateral
recess demonstrated on a repeat MRI. Given his history of
heavy smoking a lower extremity ultrasound was obtained
to rule out peripheral arterial disease. The patient is
currently awaiting a diagnostic nerve root blocks to define
the possible role of his severe left .4/5 and L5/S1 foraminal
stenosis in causing his symptoms.

Discussion

In the current study we present radiographic diagnostic
criteria, a highly targeted endoscopic decompression
technique and early outcomes in patients with unilateral
lateral recess stenosis.

While the literature on lateral recess stenosis is scant, in
our clinical experience lateral recess stenosis is a prevalent
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Figure 5 Graphs depicting clinical outcomes following endoscopic medial facetectomy. (A) Reduction of the visual analog score for

ipsilateral leg pain and back pain are recorded; (B) patients experience alleviation of their disability as measured by the Oswestry disability

index.
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diagnosis in patients with de novo lumbar radiculopathy
or failed lumbar spine surgeries. Symptomatic motion-
dependent nerve root compression occurs most commonly
in the entrance zone of the lateral recess which is
located between yellow ligament lined SAP posteriorly
and the annulus of the disc anteriorly (5). Quantitative
measurements of lateral recess stenosis have substantial
intra- and inter-rater reproducibility (31,32) and correlate
with pathological EMG recordings (33). In the current
report we collected measurements of the lateral recess
height and angle. Lateral recess height has been defined
as the distance between the most medial point of superior
articular facet and the posterior surface of vertebral body
in most studies. Measurements of less than 2 mm (9),
3.6 mm (11), 4 mm (10) have been considered diagnostic
for lateral stenosis. In the current report, the lateral recess
height measurement was obtained at the medial margin of
the traversing nerve within the lateral recess. However, the
height of the symptomatic side (2.9+0.3 mm) was similar
to the aforementioned studies (9-11). Lateral recess angle
was proposed by a CT-based study to assess lateral recess
stenosis. An angle of less than 30°was considered highly
indicative of stenosis (11). We adapted this CT-based
approach for axial T2 weighted images with the angle
placed tangential centered over the traversing nerve root.
The lateral recess angle was 19.3°£1.5° on the symptomatic
side compared to 35.7°£3.0° on the asymptomatic side. We
hypothesize that our symptomatic lateral recess angle was
narrower compared to CT-based measurements given that
MRI also depicts yellow ligament and annular disc bulges.
In patients with extremely narrow lateral recess angles we
have observed intraoperatively that the traversing nerve
root gets physically trapped. In this case it may be missed
during the surgical decompression. We therefore always
mobilize the lateral aspect of the supposed traversing nerve
root. If it is not easily mobilized medially, there should be
a high suspicion that the traversing nerve root might be
trapped in the lateral recess. Accordingly, we hypothesize
that once the lateral recess angle reaches a certain threshold,
the traversing nerve root cannot freely move during motion
of the spine but instead gets impinged.

Traditional surgical approaches recommended a wide
laminectomy in combination with undercutting of the
overhanging facet joints (34). However, partial removal of
the facet joint may lead to joint instability and subsequent
spondylolisthesis and scoliosis (35). Biomechanical studies
have demonstrated that facet joints constrain axial rotation
and flexion (36,37). Resection of facet joints destabilizes
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spinal segments proportional to the amount of joint
removed (37-39). Moreover, removal of midline structures
further contributes to segmental destabilization (38,40).
In order to minimize post decompression instability and
subsequent need for arthrodesis surgery, several minimally
invasive technique aiming to preserve facet joint function
and midline structures have been developed. The first
step was the development of microscopic approaches
that allowed to reduction of muscle detachment and
isolated resection of the facet joint (41-44). These
studies demonstrated the feasibility of isolated lateral
recess decompression. Colak and colleagues presented
microsurgical lateral recess decompression in 16 patients
with bilateral lateral recess stenosis (45). The authors
report an improvement of the preoperative VAS from
7.0 to 4.0 at 1 year follow up. The surgical corridor was
further narrowed by the introduction of microendoscopic
technique which was performed via a 16 mm tubular
retractor (46). Hayashi and colleagues report on the use of
microendoscopic decompression of lateral recess stenosis in
28 patients. At a mean follow-up time of 10.5 months VAS
for radiculopathy improved from 6.5 to 1.1. The results
of fully endoscopic spine surgery have been published for
lateral recess stenosis (47). The authors included a total of
161 patients who were randomized either into microsurgical
or endoscopic lateral recess decompression. The study
found that both techniques resulted in similar symptomatic
relief of leg pain, thus endoscopic decompression reduced
the preoperative VAS for leg pain of 7.3 to 0.9 at 2 years
follow-up. Importantly there was a significantly lower
rate of progradient back pain in patients who underwent
endoscopic compared to microscopic decompression.

To date, microscopic, microendoscopic and fully
endoscopic minimally invasive techniques have been
proposed for lateral recess decompression. Microsurgical
decompression has the advantage of 3D visualization and
the possibility to use large footprint tools such as Kerrison
rongeurs for efficient decompression of neural structures.
Microendoscopy provides are larger working corridor
for the use of large footprint tools as well as a 25-degree
angled visual field which allows undercutting of the facet
joint. However, 2D visualization has the disadvantage of
accurate depth measurement, hand-eye coordination, and
poorer estimation of size in different depths of the field of
view. Fully endoscopic surgery has the disadvantage of a
small working corridor which makes removal of material
tedious, a small field of view, as well as limitations of 2D
visualization. The advantage of fully endoscopic surgery
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are a small working corridor with minimal irritation of the
paraspinal muscles, constant irrigation which provides a
clear operative field and gentle general retraction of the
thecal sac and nerve roots as well as 25-degree angled
view resulting in the ability to effectively undercut the fact
joint. Further developments of tools for effective bone and
soft tissue removal are necessary to improve the ability to
decompress efficiently using a fully endoscopic technique.

The current study aims to propose radiographic lateral
recess parameters on preoperative MRI that are associated
with symptomatic lateral recess stenosis. There are number
of limitations associated with this study. First, we have
included a limited number of highly selected cases. These
cases were specifically included to allow for measurement
of radiographic lateral recess parameters on the non-
symptomatic side to identify a threshold of these parameters
that may be associated with radicular symptoms. All of our
patients had a lateral recess angle of less than 25 degrees
on their symptomatic side while the angle of asymptomatic
side ranged from 25 to 52 degrees. Based upon these
radiographic parameters we will recruit more patients to
evaluate functional outcomes in a larger patient cohort.
Moreover, one of our ten patients did not improve despite
clear radiographic lateral recess stenosis, most likely due
to co-existing foraminal stenosis. In order to improve
our surgical success rate we now frequently refer patients
to diagnostic nerve root blocks prior to decompression.
However, patients with impingement of the same root in
both lateral recess and next segment foramen remain a
diagnostic and therapeutic challenge. We also acknowledge
that our follow-up time is limited. Third, due to a lack of
a control group we cannot make any assessment regarding
how this technique compares to other surgical techniques.
However, given that we used the interlaminar technique
pioneered by Dr. Ruetten and colleagues, we expect our
long-term results to be comparable (47).

The current report provides “symptomatic nerve
centered” radiographic criteria to assess lateral recess
stenosis, a highly focused surgical decompression technique
and limited outcome data suggesting the feasibility of
such an approach. Our radiographic criteria will be the
foundation for recruitment of patients for future studies
aiming to determine durability of symptomatic relief and
possible benefits of minimal joint disruption.
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