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ABSTRACT

Background: The purpose of this study was to record the frequency of lumbar intervertebral disc vacuum
phenomenon on routine lumbar plain films taken prior to transforaminal endoscopic decompression surgery for
sciatica-type leg and back pain and to correlate it with visualized intradiscal pathology and clinical outcomes.

Methods: A prospective case series study of 200 consecutive patients with an average mean follow-up of 41.85
months who underwent lumbar endoscopic transforaminal decompression at 236 lumbar levels was conducted. The
sensitivity, specificity, and accuracy of vacuum phenomenon on preoperative x-ray to predict the presence of an empty
vacuum disc found during transforaminal microdiscectomy using the “inside-out” approach were calculated using the
YESS™ technique. Clinical outcomes were assessed by both Macnab criteria and visual analog score (VAS) reduction.

Results: Of the 200 patients evaluated, 124 (62%) were deemed to have a vacuum disc on intraoperative probing
using the “inside-out” technique. During needle insertion the more severely degenerative discs are met with negative
pressures manifested by an air discogram. According to Macnab criteria, all patients who also had extruded disc
herniations had excellent results (8 of 200), with the mean VAS decreasing from 6.1 * 2.6 preoperatively to 1.9 = 1.4 at
the final follow-up (P < .01). This indicates a more severely degenerative disc causing nonspecific back pain due to lack
of anterior column support from the intervertebral disc, accentuating foraminal stenosis. Patients with contained disc
herniations (62 of 200) had excellent and good results 82.2% of the time. The mean VAS decreased from 6.9 * 1.7
preoperatively to 2.2 = 1.1 at final follow-up (P < .01). This identifies the disc as a contributing factor in low back
pain. It can also identify the disc and annulus in combination with foraminal stenosis as a contributing factor. In the
spinal stenosis group (130 of 200), 81.5% of patients had excellent to good results, and the mean VAS decreased from
6.3 £ 1.5 preoperatively to 2.1 = 1.2 at final follow-up (P < .01). An analysis of lumbar x-ray vacuum phenomenon in
patients with visualized vacuum disc showed true-positive (35 patients) and false-negative (89 patients), compared with
an x-ray negative grading in patients without intraoperatively visualized vacuum disc of false-positive (2 patients); and
true-negative (74 patients); this allowed for calculation of sensitivity (28.2%), specificity (97.4%), and positive predictive
value (94.6%) of preoperative diagnostic x-ray in relation to intraoperatively visualized presence of the vacuum disc
during subsequent endoscopic decompression surgery. Direct endoscopic visualization of the inside of the vacuum disc
revealed longitudinal fissuring of the intervertebral disc as the most common finding in 77 of the 124 patients (62.1%)
with a vacuum disc. Cavitation with delamination was the second most common observation (21 patients). Fair
outcomes were associated with cavitation and delamination of the intervertebral disc from the endplates (P < .0001).

Conclusions: A vacuum phenomenon seen on lumbar x-rays is highly specific for a source of one component that
is actually a multiple source of nonspecific common back pain. A vacuum disc being found during “inside-out”
transforaminal discectomy actually encompasses the disc, annulus, and foraminal stenosis as a multifactorial source of
nonspecific common back pain. Further studies of better prognosticators of failed endoscopic transforaminal
discectomy are required and are underway by the coauthors.
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INTRODUCTION

A vacuum intervertebral disc is frequently encoun-
tered during routine lumbar transforaminal endoscop-
ic decompression for sciatica-type low back and leg
pain. Its impact on surgical outcomes has recently
been reported.' Surgeons expect it, particularly when
a vacuum phenomenon is noted on preoperative
radiographs of the lumbar spine.*> Degeneration
leading to structural changes of the collagen compo-
sition within the human lumbar disc has been found to
commence as early as age 18 years and progresses with
increasing age.® The significance of this process
regarding the prognosis of clinical intervention with
surgery is less well understood. However, the impli-
cation of end-stage degenerative intervertebral disc
disease with vertical collapse of the vacuum disc is that
in this scenario clinical outcomes with decompression
alone would be expected to be inferior compared with
fusion.” A vacuum disc may contribute to radicular
and low back pain because of accentuated foraminal
and lateral recess stenosis,”’ and painful preferential
neo-innervation of the end plates.'” Thus, the concern
is that performing transforaminal endoscopic decom-
pression without a vertical height restoration inter-
body fusion procedure would potentially be a
disservice to a patient in whom reliable preoperative
prognosticators would suggest improved outcomes if a
decompression were combined with fusion. Currently,
such clinical surgical outcome prognosticators are
lacking in the literature.'"!?

Nowadays, there is a growing demand for value-
based health care measures to serve the aging baby
boomer population.'*'* A primary simplified—
possibly stand-alone—interbody fusion surgery'
could, in fact, prove more cost effective and provide
improved clinical outcomes if select patients could be
reliably identified preoperatively. The extensive
combined published'!"'*1¢2! (level 3) and unpub-
lished (level 5) clinical experience—and specifically
the experience of the senior author of the present
study, A.Y., with his case series of more than 10 000
individual patients whom he treated during the last
28 years for common nonspecific low back pain'®—
led to the empiric creation of patient selection criteria
and successful clinical protocols to treat low back
and radicular pain, suggesting that such prognosti-
cators of successful clinical outcome with the lumbar
transforaminal endoscopic decompression procedure
do exist but need to be further defined.

The advantages of endoscopic transforaminal
decompression surgery are obvious: fewer postopera-

tive complications, a shorter interval for return to
work and social reintegration, less time to postoper-
ative narcotic independence, and an overall reduced
use of painkillers.”” The latter problem is of signif-
icance in the context of the narcotic abuse epidemic in
the United States.”** Less approach-related access
trauma and reduced surgical pain in combination with
an overall push by patients and insurance providers to
perform simplified lumbar decompression and fusion
surgeries in a more cost-effective outpatient setting
have led to a substantial increase in lumbar endo-
scopic surgeries.>>*® Compared with traditional open
approaches, the endoscopic transforaminal surgery
has been shown to be associated with a lower burden
to the patient because of its simplicity.”” Patient
acceptance is higher because of fewer anesthesia-
related problems (postoperative nausea),”® and equiv-
alent favorable clinical outcomes.”®>® In short, it is an
elegant method to treat the patients who experience
lumbar radiculopathy in an ambulatory surgery
center—often under local anesthesia with sedation,
and at a reduced cost.** Greater cost reduction is also
accomplished by identifying and treating the pain
generator earlier” in the disease process and elimi-
nating the expense of long-term failed nonsurgical
treatment that currently results in more surgically
morbid and expensive fusion techniques.*> **
Significant advances in videoendoscopic technol-
ogy'"!'? in combination with more reliable motor-
ized decompression tools have contributed to the
rise of more complex decompression procedures.*”
The efficacy and safety of endoscopic transforami-
nal decompression have been evaluated for both
herniated disc®' and spinal stenosis.?’** The most
significant upside to endoscopic procedures of the
spine lies in its improved direct visualization of the
foraminal and discal anatomy both in the epidural
space and inside the disc.’’ Thus, routine video-
endoscopic exploration at high magnification in
areas that were ordinarily difficult to directly
visualize with traditional microsurgical techniques
using the operating microscope or loupes, has
afforded the ability to better study the degenerative
processes within the spinal canal, including the area
medial to the facet joints, the lateral recess, under
the dural sack, the neuroforaminae, and, most
importantly, within the intervertebral disc itself.
The “inside-out” YESS intradiscal decompres-
sion technique was pioneered by the senior author
of this publication, Anthony Yeung, who popular-
ized its utility not just for transforaminal discecto-
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my? % but also for direct visualization of intra-
discal pathology during the discectomy proce-
dure.’>*® Yeung’s “inside-out” technique
emphasizes the intervertebral disc as the common
source of pain generation. Therefore, intradiscal
visualization and intradiscal therapy are the main-
stays of Yeung’s approach. The “inside-out” tech-
nique allows for visualized pathoanatomy to be
graded. This intradiscal degenerative destructive
process of the nucleus may be recorded as cavita-
tion, fissuring, and delamination from the end
plates.*! To date, the correlation of these endoscop-
ically visualized intradiscal findings with plain x-ray
imaging has not been made.

The need for better prognosticators of successful
clinical outcome following spinal decompression
surgeries is corroborated by the recent debate on
the prognostic value of magnetic resonance imaging
(MRI) in therapeutic decision-making.*** In par-
ticular, 22% to 51% of asymptomatic individuals
have been shown to demonstrate MRI irregularities
in their lumbar spines, with this number increasing
between 57% and 80% for those older than 60
years.***” Even in symptomatic patients, the presence
of different types of abnormalities on MRI demon-
strates little correlation with self-reported pain and
appears to have a negligible effect on patient care or
outcome.*® This low specificity of advanced cross-
sectional imaging requires that their results be closely
correlated with history and physical examination at
the time the care is delivered. The diagnostic accuracy
of preoperative lumbar MRI has been tested either
with direct visualization during surgery or with
clinical outcome studies.'> Some studies have used
surgery as the gold standard to assess the accuracy of
lumbar MRI scan, with some analyses correlating the
imaged neural impingement with directly intraoper-
atively visualized pathology.**>® However, the prog-
nostic clinical value of MRI grading of disc
degeneration according to Pfirmann’'—whose clas-
sification is based purely on a description of signal
inhomogeneity of the lumbar intervertebral disc on
cross-sectional MRI scans—is poorly understood
with respect to surgical outcomes.

Therefore, development of other alternate prog-
nosticators is necessary, and the focus of this study
was simple: Record the frequency of “vacuum”
degenerative intervertebral discs being found during
routine lumbar transforaminal endoscopic decom-
pression surgery and correlate it with preoperative
x-ray grading of the surgical level to allow

correlative analysis to clinical outcomes. The intent
was to use this information to aid in the advance-
ment of an improved clinical algorithm with higher
diagnostic accuracy for preoperative surgical plan-
ning in patients with symptomatic sciatica-type low
back and leg pain due to a herniated disc or spinal
stenosis. In short, the goal was to provide the basis
for the development of more appropriate surgical
selection criteria for patients who would be better
off with a primary vertical height restoration
procedure, such as a stand-alone lordotic endoscop-
ic wedge lumbar interbody fusion (LEW-LIF),>
rather than a decompression alone.

MATERIALS AND METHODS

In 2006, the Center for Advanced Spine Care of
Southern Arizona established an outpatient spinal
surgery program for the treatment of lumbar
herniated disc and spinal stenosis. Several years
ago, the authors of this publication noticed seren-
dipitously and independently that many of their
patients with severely advanced degeneration treat-
ed for sciatica-type low back and leg pain due to
spinal stenosis or herniated disc during needle
insertion had vacuum disc with negative intradiscal
pressures manifested by a spontaneous air disco-
gram and void of any organized tissue. This caused
the primary author to perform routine intradiscal
visualization and probing after air discogram during
epiduroscopic “outside-in” endoscopic transforami-
nal discectomy. This probing was done before
placement of the working cannula inside the disc
for direct visualization of the intradiscal pathoanat-
omy. The results presented here are based on a
prospective data collection on consecutive patients
who were operated on by the treating surgeon
(K.U.L.) between 2013 and 2016. The other two
authors of this paper contributed their level 5
opinion based on their focus on the disc as a
primary source of nonspecific low back and
radicular leg pain with data interpretation, classifi-
cation of direct visualization of intraoperative disc
degeneration, definition of clinical categories, and
discussion of their possible use as clinical prognos-
ticators of successful outcome after endoscopic
transforaminal decompression.

Patient Population

All patients in this case series provided informed
consent. This consecutive case series included 200

International Journal of Spine Surgery, Vol. 13, No. 5 401



“Inside-Out” Technique in Lumbar Endoscopic Transforaminal Decompression

Table 1. Frequency of surgical levels (N = 200).

Frequency Percent Valid Percent Cumulative Percent

Valid 1 0.5 0.5 0.5
L1/L2 1 0.5 0.5 1
L2-L4 1 0.5 0.5 1.5
L2-L5 2 1 1 2.5
L2/L3 3 1.5 1.5 4
L3-L5 6 3 3 7
L3-Sl 1 0.5 0.5 7.5
L3/L4 16 8 8 15.5
L3/L4, L5/S1 1 0.5 0.5 16
L4-SI 26 13 13 29
L4/L5 103 51.5 51.5 80.5
L5/S1 39 19.5 19.5 100
Total 200 100 100

patients seen in our clinic who underwent percu-
taneous endoscopic foraminotomy and microdis-
cectomy at 236 levels. The frequency of surgical
level distribution is listed in Table 1. Slightly more
than half the patients underwent a single-level
transforaminal decompression at L4/L5 (51.5%),
followed by an additional 19.9% of patients who
had a single-level surgery at L5/S1. The third most
common surgical scenario was a 2-level L4 to Sl
decompression (13.0%). The mean follow-up was
41.85 months, ranging from 24 to 68 months (SD,
13.02 months) at the time this study was concluded.
Average age of participants was 61.44 years,
ranging from 25 to 93 years (SD, 13.1 years),
showing a near-normal distribution. Most patients
were between ages 50 and 75 (Figure 1). Of the 200
patients, 104 were female (52%) and 96 were male
(48%). Of the 200 patients, 87 (43.5%) had surgery
on the left side, compared with 67 (33.5%) who
underwent transforaminal decompression on the
right side. An additional 46 patients (23%)
underwent bilateral decompression.

The inclusion criteria were: (1) clinical signs of
lumbar radiculopathy, dysesthesia, or decreased
motor function; (2) imaging evidence of foraminal
or lateral recess stenosis (criteria described below)
demonstrated on preoperative MRI scans; (3)
unsuccessful nonoperative treatment including
physical therapy and transforaminal epidural
steroid injections (TESI) for at least 12 weeks.
Patients exhibiting the following were excluded
from this study: segmental instability on preoper-
ative extension/flexion radiographs, or severe
central stenosis (less than 100 mm?).>® Inclusion/
exclusion criteria were used with the intent of
minimizing the effect of other confounding fac-
tors.

Number of Patients
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Age in Years

Figure 1. Age distribution of surgical patients who underwent endoscopic
transforaminal foraminoplasty and discectomy.

Preoperative Workup and Surgical Decision-Making

Patients were worked up with a thorough history,
physical examination, and imaging studies as
described below. Patients were subjected to an
interventional diagnostic workup with lidocaine
containing TESI using biplanar fluoroscopic image
intensifier guidance.”*>* A mixture of I mL of Depo
Medrol Sterile Aqueous Suspension (methylpred-
nisolone acetate; McKesson, Irving, Texas) and 20
mg/1 mL of lidocaine 1% was injected into the “safe
triangle,” defined by pedicle, the exiting nerve root,
and the lateral border of the intervertebral disc and
vertebral body.>> A radiopaque contrast agent,
Isovue-300, was used as an adjunct to demonstrate
the outline of the target nerve root and the absence
of any epidural, intravascular, or intradural flow of
contrast. All injections were performed in a suite
equipped with a radiolucent pain management table
and biplanar fluoroscopy at the spinal level believed
to be the best match between clinical presentation
and MRI findings. Patients were asked to grade
their pain prior to and immediately after the
injection as well as at a 2-week follow-up visit,
using the visual analog score (VAS).’® Patients were
also asked to rate their pain using the Glasgow Pain
Questionnaire.”” A TESI was considered diagnostic
if the patient reported an immediate (within 15
minutes) VAS reduction of greater than 50%.>’
Patients were also asked to verbalize whether their
pain was unchanged, their pain improved, or if they
were pain-free without residual symptoms. Patients
with conclusive diagnostic workup with matching
clinical symptoms, MRI findings, diagnostic TESI
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Figure 2. Plot of length of follow-up against age showing follow-up in most of
the older patients with intraoperatively visualized vacuum disc to be much longer
than 24 months.

response, and supporting history and physical
examination were ultimately deemed appropriate
surgical candidates for the endoscopic transforami-
nal decompression procedure.

Clinical Follow-up and Primary Outcome Measures

Radiographs and MRI images were obtained
preoperatively and graded as described below for all
surgical patients. Typically, patients returned for
clinical follow-up at 6 weeks postoperatively, and at
3, 6, 12, and 24 months, respectively. After the 2-
year follow-up appointment, patients were seen on
an annual or biannual basis. Results reported herein
were computed from data obtained at 2-year follow-
up. Plotting the length of follow-up data against age
showed follow-up in most of the older patients with
intraoperatively visualized vacuum disc to be much
longer than than 24 months, and in most patients
longer than 30 months (Figure 2).

Primary clinical outcome measures were reduc-
tions in the VAS for leg pain ranging from no pain
(0) to worst pain (10) done by both the patient and
the treating surgeon (K.U.L.) using the Macnab
criteria.”® Briefly, follow-up outcome results were
classified as excellent (little pain, able to perform
desired activities with few limitations); good (occa-
sional pain or dysesthesia, able to perform daily
activities with minor limitations and did not need
pain medication); fair (level of pain somewhat
improved but continued to need pain medication;
or poor (function worsened or needed additional
surgery to address symptoms). At each follow-up
visit, the clinical outcome of each patient was

graded using these modified Macnab and criteria.>
The patient was also asked to select a VAS® and to
rate functioning using the Glasgow Pain Question-
naire.® Ultimately, these standardized outcome
measures were used to determine the prognostic
value of an intraoperatively visualized vacuum disc
and its impact on clinical outcome.

Radiologic Evaluation of Vacuum Disc and
Stenosis Classification

Preoperative plain film studies of the surgical level
were evaluated for the presence of a radiographic
sign of “vacuum phenomenon.” A morphologic
description of the vacuum phenomenon on the basis
of computed tomography imaging analysis has
recently been published by suggesting 3 radiographic
categories®: (1) spot (less than 2 mm in diameter), (2)
linear (fissuring less than 2 mm thick), and (3) island
(cavity defect). The presence of any of these features
on plain films was considered a vacuum phenome-
non. Preoperative MRI scans were analyzed for
foraminal and lateral recess stenosis. Lee’s classifica-
tion was used to define the location of the offending
pathology within the neuroforamen by dividing it
from medial to lateral into entry (dura to pedicle;
zone 1), middle (medial pedicle wall to center pedicle;
zone 2), and exit (center pedicle to the lateral border
of the facet joint; zone 3) zones.®’ Foraminal and
lateral recess stenoses were stratified according to the
main offending pathology: extruded herniated disc,
disc bulge, and disc bulge with concomitant bony
stenosis. Disc herniations were further classified as
upward, downward, migrated, or centered around
this disc space using Lee’s 4-zone classification.®® In
the entry zone, Lee described hypertrophy of the
superior articular facet as the predominant patholo-
gy.%? In the mid zone, it was often due to an
osteophytic process underneath the pars interarticu-
laris, and in the exit zone due to a subluxed and
hypertrophic facet joint.®> These classification sys-
tems have been previously applied by the au-
thor.!!"1227:33:3% The heights of the posterior
intervertebral disc and lumbar foramina were eval-
uated according to Hasegawa et al.,*> who described
a lumbar neuroforaminal height of 15 mm or more as
normal and reduced posterior intervertebral disc
height of 3 to 4 mm as suggestive of spinal stenosis.

Preoperative sagittal and axial MRI images were
graded and used to assess the location and extent of
foraminal stenosis. Only patients with stenotic
lesions (whether due to bony stenosis, extruded disc
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herniation, or contained disc bulge) producing a
neuroforaminal width of 3 mm or less on the sagittal
MRI cuts or lateral recess height of 3 mm or less on
the axial MRI cuts were considered “stenotic” and
treated surgically. The degree of lumbar interverte-
bral disc degeneration was also graded using the
MRI classification system published by Pfirrmann et
al.,>! in which grade I characterizes the MRI
appearance of the surgical disc as “homogencous
with bright hyperintense white signal intensity and
normal disc height...,” and grade V as an inhomo-
geneous disc “with hypointense black signal inten-
sity. There is no difference between the nucleus and
the annulus. The disc space is collapsed. ...”!

The MRI grading of the exiting nerve root
compression at the surgical level was recorded using
the categories of the Lee classification published in
2010.°* Grade 0 refers to normal neuroforamen:
grade 1, mild foraminal stenosis showing perineural
fat obliteration in 2 opposing directions; grade 2,
moderate foraminal stenosis showing perineural fat
obliteration in 4 directions; and grade 3, severe
foraminal stenosis showing morphologic changes in
the nerve root.** For the purpose of this analysis,
patients with MRI grades 2 and 3 were classified as
having exiting nerve root compression due to
foraminal stenosis at the surgical level.

Surgical Techniques

All surgical procedures employed the endoscopic
transforaminal approach using the “outside-in”
technique. During initial needle insertion a vacuum
disc was often noted due to negative intradiscal
pressures and manifested by a spontaneous air
discogram. This caused the primary author to
perform routine intradiscal visualization and prob-
ing after air discogram during epiduroscopic “out-
side-in” endoscopic transforaminal discectomy. This
probing was done before placement of the working
cannula inside the disc for direct visualization of the
intradiscal pathoanatomy using the inside-out tech-
nique to check for the presence of organized
intervertebral disc tissue and to visualize the
morphology of disc degeneration.

The first author’s modification of the “outside-in”
technique involves placing the working sheath into
the lower portion of the neuroforamen, thus
retracting and avoiding the exiting nerve root. No
part of the cannula tip or the endoscope (4.1-mm
inner working channel; asap endoscopic products
GmbH, Umkirch, Germany) is positioned in the

disc space during this portion of the procedure. The
surgical technique used by the author (originally
popularized by Hoogland et al.®> and Schubert and
Hoogland®®) employs a primary foraminoplasty in
patients with or without lateral stenosis for the
treatment of herniated disc. Procedures were per-
formed in a prone position under local anesthesia,
and deep sedation in all patients. Techniques to
define the skin entry point and the surgical
trajectory have been described in previous litera-
ture.®”-68

For the foraminoplasty, bone from the hypertro-
phied superior and inferior articular process was
removed with endoscopic chisels, drills, Kerrison
rongeurs, and percutaneous trephines. The endoscop-
ic drills and rongeurs were deployed inside the center
working cannula of the endoscope to lessen the risk of
dysesthesia and irritation of the exiting nerve root and
its dorsal root ganglion. Additional cannulated
reamers and drills (maxmorespine by Hoogland Spine
Products, Unterfohring, Germany) measuring 7 and 9
mm in diameter intended to be used over a guide wire
without the protective working cannula were avail-
able but used only in 3 cases to remove the lateral
overhang from large hypertrophied facet joints to
further minimize the risk of dysesthesia of the exiting
nerve root and irritation of its dorsal root ganglion.
In other words, the entire decompression was
typically performed under continuous direct video-
endoscopic visualization, and no part of the decom-
pression procedure is done percutaneously with only
indirect fluoroscopic imaging.

The foraminoplasty was facilitated by changing
the trajectory of the instruments to aim for the
compressive pathology identified on preoperative
studies; that is, the bony decompression was focused
on removing the relevant stenotic process identified
on preoperative imaging studies using categories of
the Lee classification (exit, mid, and entry zone).
For example, a stenotic process in the entry zone
would typically require a more substantial subtotal
resection of the superior articular process, starting
at the tip of the superior articular process to be able
to access the lateral recess.

The intradiscal probing was done after the initial
foraminoplasty was completed and the interverte-
bral disc was exposed. A pituitary rongeur was
advanced into the intervertebral disc space through
annular tears associated with extruded disc hernia-
tions, or through a small annular window in case of
contained disc herniation. In every patient, this
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Figure 3. Intraoperative fluoroscopic and associated endoscopic images taken during transforaminal microdiscectomy and foraminoplasty with initial intradiscal probing
of the surgical intervertebral disc after foraminoplasty using the “inside-out” technique to test for the presence of a vacuum disc. Vacuum disc with the pituitary rongeur
advanced to the opposite annulus at the L4/L5 and L5/S1 level: (a) endoscopic view showing cavitation, (b) endoscopic view showing fissuring, (c) endoscopic view
showing cavitation and delamination, (d) endoscopic view showing fissuring and delamination, and (e) large piece of degenerated disc delaminated of the S1 end plate.

testing of the integrity of the nucleus pulposus was
performed before initiation of the discectomy,
during which the working cannula of the spinal
endoscope was inserted into the disc space in
keeping with the standard YESS “inside-out”
technique.

Visualized Pathology

The visualized compressive pathology was re-
corded for each patient and described either as (1)
extruded disc herniation, (2) contained disc herni-
ation, or (3) bony spinal stenosis. Furthermore, the
compressive pathology directly visualized during the
endoscopic transforaminal decompression surgery
was recorded by location within the neuroforamen
using corresponding categories as in the radiograph-
ic zone classification systems by Lee et al.®!
employed herein, either in its entry, mid, or exit
zone, or a combination thereof. The location of the
stenotic lesion in the triangular safe zone between
exiting and traversing nerve root and the inferior

pedicle described by Kambin et al.*”® (regardless of

whether due to herniated disc, stenosis as a result of
bony osteophytes, or facet hypertrophy) was re-
corded and compared to the radiologically classified
and recorded location of the stenotic lesion under-
neath the facet joint complex. The inability to pass
the 2-mm diameter probe into the lateral recess was
considered confirmatory intraoperative evidence of
lateral recess stenosis as described by Hasegawa et
al.%® to be associated with symptomatic spinal
stenosis 80% of the time.

As described above, after completion of the initial
foraminoplasty and before discectomy each inter-
vertebral disc space was probed by attempting to
advance a pituitary rongeur through the entire disc
to the opposite annulus on an intraoperatively
obtained anteroposterior fluoroscopic image. A disc
was recorded as “vacuum” if a 3.8-mm diameter
pituitary could be advanced across the disc space
without resistance to the opposite annulus (Figure
3). The probing was only done on the surgical side,
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and patients with bilateral decompression had the
procedure done only from the side that was
approached first. In such cases, the endoscope was
introduced into the intervertebral disc before
commencing the discectomy employing the “inside-
out” YESS technique to visualize the degenerative
destructive process directly, which was grossly
divided into 3 categories in accordance with Murata
et al.%: (1) fissuring—large horizontal clefts within
some residual disorganized disc tissue—and (2)
cavitation—an empty disc space. In addition,
delamination of any residual disc tissue from the
end plates and any combination of these 3
categories were recorded. Patients in whom the
pituitary rongeur could not be advanced into the
disc were classified as “stable nucleus.”

Correlative Analysis of Preoperative Radiographs,
Visualized Pathology, and Surgical Outcomes

For the clinical outcome analysis, cross-tabula-
tion statistics and measures of association were
computed for 2-way tables using IBM SPSS
Statistics software, version 25.0 (Armonk, NY).
Descriptive statistic measures were used to calculate
the mean, range, and SD as well as percentages.
Cross-tabulation methods were used to assess for
any statistically significant association between
clinical outcome data based on the modified
Macnab criteria, VAS, Glasgow Pain Score, stenosis
zone classification, MRI classification of disc
degeneration, MRI grading of foraminal and lateral
recess stenosis, definition of the location of any
herniated disc, foraminal height, width, plain
radiograph classification of vacuum phenomenon,
and surgeon visualization of intradiscal degenera-
tion of a “vacuum disc.” Pearson y”> and Fisher
exact test were employed as statistical measures of
association. Expected cell counts, continuity correc-
tions, and likelihood ratios were calculated for some
analyses. The VAS reductions were compared and
tested for statistically significant differences between
preoperative and postoperative values using the
paired ¢ test.

The plain radiograph sensitivity of accurately
predicting a vacuum intervertebral disc (X-Ray
Positive; true-positive rate; TP) confirmed by
intraoperative visualization was calculated as the
percentage of patients (X-Ray Positive) among the
radiculopathy patients who were correctly identified
by x-ray to have a vacuum disc. False-negatives
(FNs) were patients with intraoperatively visualized

vacuum disc whose preoperative lumbar x-rays were
negative (X-Ray Negative) for vacuum phenome-
non.

The diagnostic x-ray sensitivity for accurately
predicting a vacuum disc during the endoscopic
transforaminal decompression procedure was cal-
culated as follows:

X-Ray Positives with
intraoperatively visualized vacuum disc (TP)
TP 4 X-Ray Negatives with
intraoperatively visualized vacuum disc (FN)

The plain radiograph specificity (true-negative
rate) of accurately predicting the absence of a
vacuum intervertebral disc during spinal endoscopy
was calculated as the percentage of patients correctly
identified as not having a vacuum intervertebral disc.
False-positives were defined as X-ray Positives
without endoscopically visualized vacuum disc.

The diagnostic x-ray specificity for accurately
predicting a vacuum disc during the endoscopic
transforaminal decompression procedure was cal-
culated as follows:

X-Ray Negatives without
intraoperatively visualized vacuum disc (TN)
TN + X-Ray Positives without visualized
intraoperatively visualized vacuum disc (FP)

The positive predictive value (PPV) of a preop-
erative lumbar radiograph to accurately predict a
vacuum disc during a routine “inside-out” trans-
foraminal endoscopic decompression procedure was
calculated as follows:

X-Ray Positives with
endoscopically visualized vacuum disc
TP + FP X-Ray Positives
without visualized vacuum disc
TP
~ TP+ FP
Disease prevalence due to symptomatic neural
compression and the vacuum disc was calculated as
the percentage of the patient study group with
intraoperatively confirmed, endoscopically direct
visualized spinal stenosis, or herniated disc.
TP + FP
TP + FN + FP + TN
As a measure of statistical bias, the accuracy
(ACC) of a diagnostic preoperative lumbar X-ray

Disease prevalence =
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scan for predicting the presence of a vacuum disc
and for successful clinical outcome following a
transforaminal endoscopic decompression proce-
dure was calculated as follows:

B TP + TN
TP+ FN+FP+ TN

The confidence intervals for the likelihood ratios
were calculated using the “log method” according to
Altman et al.® The confidence intervals for the
positive predictive values are the standard logit
cor;gidence intervals as described by Mercaldo et
al.

ACC

RESULTS

The age distribution of our patient population
was nearly normal (Figure 1). Of the 200 patients
who underwent outpatient endoscopic transforami-
nal decompression (Table 2), excellent results
according to the Macnab criteria were obtained in
all of the patients with extruded disc fragment (8 of
200). In this group, the mean VAS decreased from
6.1 £ 2.6 preoperatively to 1.9 £ 1.4 at the final
follow-up (P < .01). Patients with contained disc
herniations (62 of 200) had excellent and good
results 82.2% of the time. In this group, the mean
VAS decreased from 6.9 £ 1.7 preoperatively to
2.2 £ 1.1 at final follow-up (P < .01). In the spinal
stenosis group (130 of 200), 81.5% of patients had
excellent to good results and the mean VAS
decreased from 6.3 £ 1.5 preoperatively to
2.1 £ 1.2 at final follow-up (P < .01).

There were no major approach-, surgical-, or
anesthesia-related complications. Reherniations
were not observed. Failure of pain relief without
significant improvement of walking endurance
occurred in 1 patient with stenosis and in 1 patient
with contained disc herniation, both of which had
associated spinal deformity with scoliosis. Of the
130 patients with foraminal stenosis, the neuro-
foraminal entry zone was involved in 41 patients
(31.5%), the mid zone in 68 patients (52.3%), and
exit zone in 21 patients (16.2%). The subset of
patients with contained disc herniation had more
advanced degenerative changes on the basis of the
Pfirrmann et al.>’ MRI grading system. Nearly all
patients with contained disc herniations and fair (10
of 62; 16.1%), and poor (1 of 62; 1.6%) outcomes
received grade V and some grade IV on the
Pfirrmann scale®’ to characterize the advanced
degeneration of the surgical lumbar disc.

Table 2. Surgical outcomes versus diagnosis (N = 200).

Diagnosis

Outcome Contained Disc Extruded Disc Stenosis Total
Excellent

Count 17 8 23 48

Within diagnosis, % 27.4 100 17.7 24
Fair

Count 10 0 23 33

Within diagnosis, % 16.1 0.0 17.7 16.5
Good

Count 34 0 83 117

Within diagnosis, % 54.8 0.0 63.8  58.5
Poor

Count 1 0 1

Within diagnosis, % 1.6 0 0.8 1
Total

Count 62 8 130 200

Within diagnosis, % 100 100 100 100

Analyzing the cross-tabulation frequency of
diagnostic X-ray Positive grading in patients with
visualized vacuum disc (Table 3) showed true-
positive (35 patients) and false-negative (89 pa-
tients), compared with an X-ray Negative grading in
patients without intraoperatively visualized vacuum
disc—false-positive (2 patients) and true-negative
(74 patients)—allowed for calculation of sensitivity
(28.2%), specificity (97.4%), and PPV (94.6%) of
preoperative diagnostic x-ray in relation to intraop-
eratively visualized presence of the vacuum disc
during subsequent endoscopic decompression sur-
gery. The disease prevalence (presence of a vacuum
disc) in the patient population of this study was
calculated as 62%. The accuracy as a measure of
statistical bias was calculated to be 0.55.

The distribution of a vacuum disc was nearly even
between both sexes, with no statistically significant
difference being found (Tables 4 and 5). Plotting the
number of patients with and without a vacuum
phenomenon noted on preoperative x-rays and the

Table 3. Cross-tabulation frequencies of x-ray grading in patients with and
without visualized vacuum disc to calculate sensitivity and specificity (N = 200).

Intraoperative Hollow Disc

Vacuum on X-Ray No Yes Total
No
Count 74 89 163
Within intraoperative hollow disc, % 97.4% 71.8 81.5
Yes
Count 2 35 37
Within intraoperative hollow disc, % 2.69 28.2° 18.5
Total
Count 76 124 200
Within intraoperative hollow disc, % 100 100 100

“Preoperative lumbar firm specificity to accurately diagnose an absent vacuum
disc (true-negative rate).

Preoperative lumbar firm sensitivity to accurately diagnose a vacuum disc (true-
positive rate).
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Table 4. Intraoperative Hollow Disc X Sex cross-tabulation: frequency of Table 5. Statistical analyses for frequency of intraoperatively visualized
intraoperatively visualized vacuum disc by sex (N = 200). vacuum disc by sex (N =200 valid cases).

Sex Asymptotic Exact Exact

Significance Sig. Sig.
Intraoperative Hollow Disc F M Total Value df (2-Sided) (2-Sided) (1-Sided)
No 39 37 76 Pearson %> 023" 1 .879
Yes 65 59 124 Continuity correction® .000 1 995
Total 104 96 200 Likelihood ratio .023 1 879
Fisher exact test .885 497

number of patients with and without intraopera-
tively visualized vacuum disc versus age showed
normal histogram distribution for patients without
a vacuum phenomenon on preoperative X-rays
(Figure 4, top left). In contrast, patients with a
vacuum phenomenon on their preoperative lumbar
plain film studies showed a much higher distribution
between the ages of 65 and 77 years (Figure 4, top
right). The age distribution for patients without
intraoperatively visualized vacuum disc was not
normal (Figure 4, bottom left). In comparison,
intraoperatively vacuum discs were predominantly
visualized with the intradiscal “inside-out” place-
ment of the spinal endoscope in patients with ages
ranging from 42 to 82 years (Figure 4, bottom
right).

Analyzing clinical outcomes in relation to the
presence of an intraoperatively visualized vacuum
disc revealed fair and poor outcomes according to
Macnab criteria in patients with concomitant
vacuum and collapsed (< 3 mm in posterior disc
height). In fact, all of the 33 patients with fair
outcome fit that category: vacuum and collapsed
disc (Tables 6 and 7). In contrast, 40 of the 48
patients with excellent clinical outcome (83.3%) had
a preserved nucleus and posterior disc height (> 3
mm). A total of 69 of the 117 patients with good
clinical outcomes (58.97%) from the endoscopic

40 cells (0%) have expected count less than 5. The minimum expected count is
36.48.
®Computed only for 2 X 2 table.

transforaminal decompression had a vacuum inter-
vertebral disc found on “inside-out” inspection of
the integrity of the intradiscal tissue, but only 12
(10.23%) had posterior disc height of less than 3
mm. Calculating the expected counts and compar-
ing them to actual counts under null hypothesis that
no association existed between the presence of an
intraoperatively vacuum disc and reduced posterior
disc height of less than 3 mm under even distribu-
tion clearly showed at a statistically significant level
(P < .001) that the null hypothesis had to be
rejected.

A total of 124 of the 200 surgical patients (62%)
were deemed to have a vacuum disc on intraoper-
ative probing using the “inside-out” technique.
Videoendoscopic classification of the type of disc
degeneration is listed in Table 8. Longitudinal
fissuring of the intervertebral disc was the most
common finding in 77 of these 124 patients (62.1%).
Cavitation with delamination was the second most
common observation (21 patients). Cross-tabulating
these findings versus outcomes show that fair
outcomes were in a statistically significant manner
(P < .0001) associated with cavitation and delam-
ination of the intervertebral disc from the end

- -
: §
° 67 3 6
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4 4

2 2
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Age in Years Age in Years Age in Years Age in Years
no yes no yes

a Intraoperatively Visualized Hollow Disc b Vacuum Phenomenon on Preoperative Xray

Figure 4. Top: Age distribution of patients with (right) and without (left) a vacuum phenomenon noted on preoperative x-ray (X-Ray Positive). Bottom: Age distribution

of patients with (right) and without (left) intraoperatively visualized vacuum disc.
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Table 6. Outcome X Disc Height X Intraoperative Hollow Disc cross-
tabulation: intraoperatively visualized vacuum disc by posterior disc height
versus outcome (N = 200).

Disc Height

Intraoperative Hollow

Disc and Outcome < 3 mm > 3 mm Total
No
Excellent
Count 40 40
Expected count 40 40
Good
Count 36 36
Expected count 36 36
Total
Count 76 76
Expected count 76 76
Yes
Excellent
Count 2 6 8
Expected count 3.2 4.8 8.0
Fair
Count 33 0 33
Expected count 13 20 33
Good
Count 12 69 81
Expected count 32 49 81
Poor
Count 2 0 2
Expected count 0.8 1.2 2.0
Total
Count 49 75 124
Expected count 49 75 124
Total
Excellent
Count 2 46 48
Expected count 11.8 36.2 48.0
Fair
Count 33 0 33
Expected count 8.1 24.9 33.0
Good
Count 12 105 117
Expected count 28.7 88.3 117.0
Poor
Count 2 0 2
Expected count 0.5 1.5 2.0
Total
Count 49 151 200
Expected count 49 151 200

Table 7. Statistical analyses for intraoperatively visualized vacuum disc by
posterior disc height versus outcome (N = 200).

Asymptotic
Intraoperative Significance
Hollow Disc Value df (2-Sided)
No
Pearson x> —*
No. of valid cases 76
Yes
Pearson x> 74.955° 3 .000
Likelihood ratio 89.455 3 .000
No. of valid cases 124
Total
Pearson y> 131.418° 3 .000
Likelihood ratio 128.703 3 .000
No. of valid cases 200

“No statistics are computed because disc height is a constant.
®4 cells (50%) have expected count less than 5. The minimum expected count is 0.79.
2 cells (25%) have expected count less than 5. The minimum expected count is 0.49.

Table 8. Cross-tabulation of directly visualized type of disc degeneration vs
manual intradiscal integrity probing (N = 200).

Intraop Hollow Disc

Intradiscal Directly Visualized

Type of Disc Degeneration No Yes Total
Cavity 0 5 5
Cavity and delamination 0 21 21
Fissuring 0 77 77
Fissuring and cavity 0 9 9
Fissuring and Delamination 0 12 12
Stable nucleus 76 0 76
Total 76 124 200

plates. Other common combination findings of
intradiscally visualized types of disc degeneration
associated with fair outcomes included “Fissuring &
Cavity” (6 of 33 patients), and “Fissuring &
Delamination” (5 of 33 patients). However, another
68 patients with fissuring demonstrated good clinical
outcomes (Tables 9 and 10). Cross-tabulation of
type of intradiscally visualized type of disc degen-
eration (fissuring, cavitation, delamination) and
posterior disc height (< 3 mm, or > 3 mm) versus
clinical outcomes (excellent, good, fair, and poor)
confirms that fair clinical outcomes are associated
with combined “Cavitation & Delamination” and
reduced posterior disc height (< 3 mm) of the
intervertebral disc in a statistically significant
manner (P < .0001; Tables 11 and 12). This analysis
also showed that fissuring of the vacuum interver-
tebral disc combined with preserved posterior disc
height of 3 mm or greater was associated within 63
of the 68 patients (92.65%) with good outcomes
(P < .001).

DISCUSSION

This study shows that routine preoperative
lumbar plain film studies are highly specific
(97.4%) and predictive of finding a vacuum lumbar
intervertebral disc on direct “inside-out” visualiza-
tion of the intradiscal space once a vacuum
phenomenon is noticed. The low sensitivity of

Table 9. Cross-tabulation of type of intraoperatively visualized disc
degeneration versus outcome (N = 200).

Outcome

Intradiscal Directly Visualized

Type of Disc Degeneration Excellent Fair Good Fair Total
Cavity 0 1 3 1 5
Cavity and delamination 1 19 1 0 21
Fissuring 6 2 68 1 77
Fissuring and cavity 1 6 2 0 9
Fissuring and delamination 0 5 7 0 12
Stable nucleus 40 0 36 0 76
Total 48 33 117 2 200
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Table 10. Statistical analyses for crosstabulation of type of intraoperatively
visualized disc degeneration versus outcome (N = 200 valid cases).

Table 12. Statistical analyses for cross-tabulation of type of intraoperatively
visualized disc degeneration versus outcome and disc height.

Asymptotic Asymptotic
Significance Significance
Value df (2-Sided) Disc Height Value df (2-Sided)
Pearson x> 196.909° 15 .000 <3 mm
Likelihood ratio 166.773 15 .000 Pearson > 30.857% 12 .002
Likelihood ratio 32.538 12 .001
14 cells (58.3%) have expected count less than 5. The minimum expected count is No. of valid cases 49
0.05. > 3 mm
Pearson ° 37.327° 5 < .0001
lumbar x-ray (28.2%), on the other hand, suggests Eﬁeg};c\’xgﬁ;g 12%‘008 . = 0001
that there is a large number of patients whose  Total , \
] b _ falsel ti f. P<_3ars0n % 196.909¢ 15 < .0001
umbar Xx-rays arc lalscly negative lor vacuum Likelihood ratio 166.773 15 < .0001
phenomenon (Table 3). Although this in itself may No. of valid cases 200

not be surprising, the frequency of structural
disruption of the nuclear tissue on the inside of
the intervertebral disc established with the endo-
scopic “inside-out” direct visualization technique
was hitherto unreported. Nearly two-thirds of
patients undergoing routine lumbar transforaminal
endoscopic decompression were found to have
internal structural damage that allowed the surgeon
to advance a 3.8-mm diameter pituitary probe from
the annular entry point on the surgical side all the
way to the opposite annulus traversing the entire
disc space. For the purpose of this analysis, this
finding was defined as a “vacuum” disc. It implies
that these types of patients would potentially suffer
from vertical instability—induced dynamic foraminal
and lateral recess stenosis and more mechanical

Table 11. Cross-tabulation of type of intraoperatively visualized disc
degeneration versus outcome and disc height (N = 200).

Disc Height and Intradiscally Outcome

Visualized Type of Disc

Degeneration Excellent Fair Good Poor Total
<3 mm
Cavity 0 1 1 1 3
Cavity and delamination 0 19 2 0 19
Fissuring 1 2 5 1 9
Fissuring and cavity 1 6 1 0 8
Fissuring and delamination 0 5 S 0 10
Total 2 33 12 2 49
> 3 mm
Cavity 0 2 2
Cavity and delamination 1 1 2
Fissuring 5 63 68
Fissuring and cavity 0 1 1
Fissuring and delamination 0 2 2
Stable nucleus 40 36 76
Total 46 105 151
Total
Cavity 0 1 3 1 5
Cavity and delamination 1 19 1 0 21
Fissuring 6 2 68 1 77
Fissuring and cavity 1 6 2 0 9
Fissuring and delamination 0 5 7 0 12
Stable nucleus 40 0 36 0 76
Total 48 33 117 2 200

216 cells (80%) have expected count less than 5. The minimum expected count is
0.12.
58 cells (66.7%) have expected count less than 5. The minimum expected count is
0.30.
14 cells (58.3%) have expected count less than 5. The minimum expected count is
0.05.

back pain due to painful innervation of the end
plate seen in advanced disc degeneration.'® Con-
ceivably, less favorable clinical outcomes would be
expected. This clinical question was the motivation
for this investigation.

As one would expect, most patients with a
vacuum phenomenon on lumbar plain film studies
were between ages 65 and 77 years. In contrast, the
“inside-out” inspection of the intradiscal space
showed that a vacuum disc can be found much
earlier in life in the absence of any x-ray findings,
with the overall disease prevalence found in this
study being 62%. The age of patients with
intraoperative direct visualization of a structurally
defective vacuum disc ranged from 42 to 82 years.
There was no statistically significant difference in
the frequency of a vacuum disc between women and
men. Nor did it matter whether the patients had a
left-sided, right-sided, or bilateral approach for the
transforaminal decompression (Table 2). This study
showed normal age distribution and mean follow-up
much longer than 24 months, with most patients
having been followed up for more than 30 months
(Figures 1 and 2). The most common surgical level
was L4/L5, with it having been decompressed
51.5% of the time, followed by the L5/S1 level,
having been operated on 19.5% of the time (Table
1).

Clinical outcomes of this study were consistent
with previously reported outcome data after micro-
discectomy’'"* and endoscopic transforaminal de-
compression (Table 2).”* Although every patient
with an extruded disc herniation had excellent
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clinical outcomes using the Macnab criteria, pa-
tients with contained disc herniations (62 of 200)
had excellent and good results 82.2% of the time,
and patients with spinal stenosis (130 of 200) had
them 81.5% of the time. Good clinical outcomes
were also observed in patients with fluoroscopic
vacuum disc sign and intraoperative direct visuali-
zation of it with the “inside-out” transforaminal
endoscopic technique if only fissuring was found.
Fair and poor outcomes were associated with a
vacuum disc, reduced posterior disc height of less
than 3 mm, and advanced degenerative structural
damage of the intervertebral disc (fissuring com-
bined either with cavitation or delamination; Tables
11 and 12) with statistical significance (P =.001).
This suggests that the combination of these intra-
operative observations of the directly visualized
intradiscal pathology is a prognosticator of less
favorable clinical outcomes with the transforaminal
decompression procedure. Therefore, favorable
clinical results can still be expected in the presence
of the vacuum disc as long as the patient has
preserved posterior disc height (> 3 mm).

Ideally, an integral conclusive preoperative work-
up of patients suffering from sciatica-type leg and
back pain would include knowledge of whether the
patient does or does not have a “vacuum” vertically
unstable lumbar intervertebral disc prior to formu-
lating a sound surgical treatment plan. Because a
vacuum intervertebral disc has been associated with
vertical instability—induced dynamic foraminal and
lateral recess stenosis, intradiscal injection of poly-
methylmethacrylate cement has been devised as an
alternative outpatient treatment to aggressive inter-
body fusion procedures and has been found to be of
particular value in reducing sciatica-type leg and
low back pain in the elderly with medical comor-
bidities.”>’® The latter 2 studies by Varga et al. on
large groups of patients serves as proof of concept.
Although the authors are not suggesting that every
patient with a vacuum disc and reduced posterior
disc height observed on preoperative x-rays is better
off with a primary interbody height reconstruction
fusion procedure, exactly that has been reported by
Yen et al.,”” who studied the effects of intradiscal
vacuum phenomenon on surgical outcome of lateral
interbody fusion for degenerative lumbar disease.
These authors also concluded that a vacuum
phenomenon on preoperative lumbar plain film
studies remains grossly underreported and that its
presence provides increased ability to restore disc

height and segmental lordosis and is associated with
better clinical outcomes.”’

The low sensitivity of lumbar plain film studies in
accurately diagnosing the presence of a vacuum
intervertebral disc precludes them as the only
preoperative study to arrive at that diagnosis. It
underlines the need for additional prognosticators
to identify patients who are at high risk for less
favorable outcomes if treated with an endoscopic
transforaminal decompression procedure alone.
Therefore, further study of the role of primary
interbody height restoration fusion, such as the
LEW-LIF,>> in patients undergoing endoscopic
transforaminal decompression needs, at a minimum,
further study to arrive at more appropriate patient
selection criteria aside from history and physical
examination.

CONCLUSION

The sensitivity of routine lumbar preoperative
plain film studies to accurately predict the presence of
a vacuum intervertebral disc is low. The specificity is
high, indicating that once a vacuum phenomenon is
seen on lumbar x-rays it is, in fact, present and may
impact clinical outcomes following an endoscopic
transforaminal decompression procedure. A vacuum
and collapsed disc (< 3 mm posterior disc height) is
associated in a highly statistically significant manner
with less favorable clinical outcomes. Intradiscal
cavitation and nuclear delamination from the end
plates were also related to fair clinical outcomes.
Further studies are required to define imaging
prognosticators and patient selection criteria. The
simplified objective and principal finding of this
article suggests that radiographic identification of the
vacuum disc phenomenon from routine x-rays may
still indicate favorable outcomes with the trans-
foraminal decompression procedure as long as the
posterior disc height is preserved to a minimum of 3
mm. This conclusion is consistent with the outcome
data of the present study’s coauthors J.F.R.L. and
AY.,102E7883 who contributed to this article their
extensive clinical experience and shared information
about successful endoscopic disc decompression and
foraminoplasty in patients suffering from nonspecific
chronic back pain in whom the only indication for
traditional open surgery would have been fusion for
severe back pain. The “inside-out” technique em-
ployed herein is more than a method used to visualize
the intradiscal pathology or to identify patients who
need replacement of their end-stage degenerative disc
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with an intervertebral implant. It is a “targeted”
method using various emerging decompression tech-
nologies and employs newly developed surgical
devices and instrumentation such as flexible pituitar-
ies, shavers, automated burrs, and visualized laser
energy for intradiscal therapy, as well as decompres-
sion of the foramen, and the lateral recess. It is the
platform for emerging technologies, such as the
LEW-LIF.”
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