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ABSTRACT

Background: To demonstrate the feasibility of an endoscopically assisted minimally invasive surgery trans-

foraminal lumbar interbody fusion (MIS-TLIF) and to study clinical outcomes with the use of a static oblique bullet-
shaped cannulated poly-ether-ether-ketone (PEEK) lumbar interbody fusion cage in conjunction with platelet enriched
plasma infused allograft cancellous chips and posterior supplemental fixation.

Methods: In this retrospective study of 43 patients who underwent endoscopically assisted MIS-TLIF for
spondylolisthesis (53.5%) and stenosis (46.3%), the Oswestry Disability Index, the visual analog scale (VAS) for back
and leg pain, and the modified Macnab criteria were used as primary clinical outcome measures. Clinical outcomes were

cross-tabulated against fusion grade using the Bridwell classification of interbody fusion.
Results: The majority of patients (90.7%) had excellent (8/43; 18.6%) and good (31/43; 72.1%) Macnab

outcomes. There were significant VAS back score reductions from an average preoperative values of 8.9070 to a
postoperative VAS score of 3.8605, and a score of 2.7674 at final follow-up (P , .0001). The reductions in the VAS leg

scores were also significant from preoperative score of 5.58 to a postoperative value of 2.16, and a final follow-up score
of 1.67 (P , .0001); the Oswestry Disability Index score went from a preoperative value of 54.4 to 23.3 postoperatively
and 18.5 at the final follow-up ( P , .0001). The vast majority of patients (92.9%) with Bridwell grade I fusion had

excellent and good Macnab outcomes (P ¼ .027).
Conclusions: The authors recommend the use of an endoscope as an adjunct to MIS-TLIF, a minimally invasive

spinal surgery technique in which many surgeons may be well versed and have a great deal of experience. Clinical

outcomes with the endoscopic interbody fusion procedure with a static PEEK cage in conjunction with platelet-enriched
bone allograft were favorable.

Level of Evidence: 3.
Clinical Relevance: Feasibility study.

Special Issue

Keywords: lumbar interbody fusion, minimally invasive, endoscopic, direct visualization

INTRODUCTION

In recent years, minimally invasive surgery (MIS)

solutions have become more practical and suitable

for routine clinical applications in spinal surgery.

Initially, there was a learning curve to overcome,

and many early studies demonstrated equivalent

outcomes with slightly higher complication rates in

some areas when compared to conventional open

spine surgery.1,2 Subsequently, technology improve-

ments were incorporated into many forms of

postgraduate training programs, and the acceptance

of MIS techniques into the mainstream of spine

surgery is reflected in the plethora of published

studies and presented podium papers at national

and international spine meetings.3–6 Nowadays, the

medium- to long-term clinical outcome difference

for both traditional open and MIS spine surgery is

widely considered minimal with MIS having some

perioperative advantages, such as decreased blood

loss, lower infection and complication rates, and

shorter time to narcotic independence and return to

work.7–14 The contemporary MIS transforaminal

lumbar interbody fusion (MIS-TLIF) has no

significant disadvantages when compared with open
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TLIF or other standard lumbar fusion tech-
niques.2,14

The combination of MIS with the endoscopic
transforaminal approach allows us to minimize
further the collateral damage from the surgical
access, and has the unique advantage of direct
visualization of critical anatomical structures and
the release of nerve roots from compression or
adhesions.15 It is also possible to create enough
space for cage placement in the intervertebral space
by performing a sizable foraminoplasty multiple in
diameter than a typical 4.0-mm endoscopic power
drill, with the latter being especially relevant at the
L5-S1 level. The endoscopic transforaminal ap-
proach also achieves an excellent view of the
vertebral endplate, while being able to control the
quality of its preparation with the intent of
minimizing breaking through into the subchondral
bone, which is believed to be associated with cage
subsidence and inferior clinical outcomes.12,16,17

In this case series, the authors present their
outcome data with their approach to endoscopically
assisted MIS-TLIF, where a single static cannulated
poly-ether-ether-ketone (PEEK) cage was placed
obliquely across the intervertebral disc space from a
unilateral endoscopic approach. While this has been
trialed,15,18,19 the authors’ surgical protocol present-
ed herein relies on the 3 pillars of successful clinical
outcomes with spinal fusion: (1) wide decompres-
sion, (2) treatment of instability with instrumenta-
tion, and (3) vigorous bony fusion promoted via the
abundance of biologically active bone graft, which
in the case of the authors’ study was cancellous
allograft enriched with bone marrow stem cells, and
platelet-rich plasma and its growth factors.20,21

MATERIALS AND METHODS

Our study included 43 patients who underwent
endoscopically assisted MIS-TLIF in our clinic
between 2010 and 2013. Preoperatively, each
patient’s functioning was assessed using the Oswes-
try Disability Index (ODI)22–24 and the visual
analog scale (VAS) score for back and leg pain.25

Postoperatively, patients were evaluated at 1 month,
3 months, 1 year, and 2 years. This retrospective
study consisted of groups of consecutive patients
seen in the clinics of the participating study sites. All
patients provided informed consent. The total study
population consisted of 23 (53.5%) females and 20
(46.5%) males. The mean follow-up was 22.5
months, ranging from 3 to 42 months. The patients’
ages ranged from 35 to 93 years with a mean age of
65.65 years (SD¼ 11.90 years) with a nearly normal
distribution (Figures 1 and 2). The inclusion and
exclusion criteria for this study have been published
elsewhere in detail and are briefly described in the
following.26,27 The following criteria were used to
determine patient inclusion:

(1) symptomatic lumbar radiculopathy, dyses-
thesias, or decreased motor function,

(2) lumbar magnetic resonance imaging (MRI)
showing central, foraminal, lateral recess, or
extraforaminal stenosis,

(3) more than 4 mm of translational motion on
dynamic/extension flexion views suggesting
unstable spondylolisthesis, and

(4) unrelenting pain, in spite of physical thera-
py, nonsteroidal anti-inflammatories, and
transforaminal epidural steroid injections
for a minimum 8 weeks.

Figure 1. Age distribution of the 43 study patients with the superimposed

expected normal distribution (black line). Patients’ ages ranged from 35 to 93

years of age and averaged 65.66 years.

Figure 2. The quantile-quantile plot of the endoscopy patients’ age shows

normal distribution. The average age was 65.66 6 11.90 years SD, ranging

from 35 to 93 years.
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The following exclusion criteria were employed:

(1) metastatic disease,
(2) infection,
(3) acute extruded disc herniation, or
(4) surgical procedures on the cervical or

lumbar spine, or other pain management
procedures such as implantation of pain
stimulators.

Preoperative Imaging and Planning

For preoperative imaging, the authors mandated
that patients present with lumbar MRI and standing
dynamic flexion and extension radiographs. Typi-
cally, these routine studies show the extent and
presence of instability of the diseased symptomatic
spinal level contemplated for surgery. Occasionally,
the authors requested computed tomography (CT)
scans when extensive facet arthropathy or other
obstacles to the foraminal access were suspected. As
listed in the inclusion and exclusion criteria, patients
and their imaging studies were also assessed for
obstructing spinal deformity when considering them
for the endoscopically assisted MIS-TLIF. Also, the
pedicle diameter, length, and orientation, as well as
the diagonal length and surface area of the vertebral
endplate available for the intended cage and screw
implantation were routinely measured on axial and
sagittal views. The size and orientation of the facet
joints were also regularly recorded, particularly if
transfacet screw fixation was contemplated. Careful
assessment of spinal stenosis in the central canal and
the lateral recess of the surgical levels was done by
employing several validated and published radio-
graphic classification systems.28–33

Patient Positioning and Anesthesia

For the endoscopically assisted MIS-TLIF, the
patient is positioned prone (Figure 3). The authors
and their respective anesthesia teams have deployed
a monitored anesthesia care (MAC) protocol, which
uses a continuous infusion of dexmedetomidine
(Precedex) and propofol for conscious sedation and
allows the surgeon to communicate with the patient
when needed verbally.34–38 In addition, the surgeon
injects local anesthetic, using 2% lidocaine for skin
anesthesia and 1% lidocaine into the muscular
working tract. Local anesthesia employed in such
way decreases the painful stimulus during the
procedure and simplifies the medical anesthesia,

aiming to keep the patient at a sedation level

commensurate with a level 3 on the Ramsay scale,

which has been reported to achieve better anxiolysis

and intra- and postoperative analgesia.39

Posterior Decompression

In cases with central canal stenosis, the endo-

scopically assisted MIS-TLIF surgery starts with

placement of progressive dilators and tubular

retractors of up to 13 mm directly onto the pedicle

on the approach side. The decompression com-

mences with a proximal hemilaminectomy, then a

hemifacetectomy followed by a distal hemilami-

nectomy. Dissection of the ligamentum flavum is

performed to achieve complete decompression of

neural structures and exposure of the intervertebral

disc. The tubular retractor can be repositioned at

different angles, effectively creating an inverted

cone access corridor through a small skin incision.

This single unilateral skin incision can also be used

for contralateral nerve root decompression if

needed by tilting the tubular retractors medially

and across the midline. The authors’ personal

preference is not to fix the tubular retractors and to

perform a freehand technique. In cases where

symptoms are bilateral, a contralateral approach

with tubular retractors can be achieved. In some

patients in this study, the authors employed the

full-endoscopic decompression whenever the extent

of central canal decompression necessary would

not prolong the surgery unduly since the patients

were awake.

Figure 3. An exemplary case of a 63-year-old female patient who underwent

endoscopically assisted minimally invasive surgery with transforaminal lumbar

interbody fusion. Shown is (A) the preoperative sagittal MRI scan showing the

sacral slope, (B) positioning and draping of the patient, and (C-E) various steps

of the transforaminal interspace preparation with (C) reamers, (D) Kerrison, and

(E) chisels.
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Transforaminal Surgery

A 7-mm working cannula is placed into the
surgical neuroforamen after serial dilation. Both
authors use a 208 high-definition foraminoscope.
The working cannula has a 458 bevel allowing use of
its tip as a nerve root retractor and exposing a much
larger surgical area than dictated by its diameter.
Depending on the patient’s body habitus, the
incision is made 8 to 12 cm from the midline while
allowing parallel access to the surgical disc inter-
space (Figure 4). The authors perform their
modified form of the outside-in technique originally
popularized by Hoogland et al.40–45 An initial
foraminoplasty is performed to achieve proper
decompression and release of both exiting and
traversing nerve roots, with 2 principal goals: to
decrease compressive symptoms and to enable cage
and allograft entry into the intervertebral space.
Typically, the decompression begins on the facet
joint toward the pars interarticularis, releasing the
exiting nerve root, and concluding on the caudal
pedicle, releasing the traversing nerve root. The
endoscopic decompression allows a wide foramin-
oplasty and dramatically improves access to the
now-exposed intervertebral disk. The endoscope
and interbody fusion instruments are freely movable
in both the axial and the sagittal plane. Nerve roots
must be visualized with a pulsatile dura and proper
coloration.

Instruments
Instruments found useful to extract protruded or
extruded disk fragments include graspers and
punches. A thorough discectomy is of utmost
importance as disc material left behind could be
pushed into the central canal or lateral recess
contributing to failure of pain relief. The vertebral
endplates are prepared using 4-mm round drill bits,
reamers, and trephines for endplate eburnation and
aiming to produce punctate bleeding spots with the
intent to stimulate bone formation and to facilitate
successful fusion. Tissue dissection and control of
bleeding may be achieved employing bipolar radio-
frequency applications.46

Tips and Pearls for Endoscopic L5-S1 MIS-TLIF

A high iliac crest can obstruct trocar passage to
the L5-S1 disk. Occasionally, a wide ilial opening
angle due to a low-riding ilium allows access to this
level. The disc obliquity is another crucial factor to
take into consideration. A horizontal disc typically

aligns at an acute angle to the endoscopic working
channel, thus making cage insertion about an acute
angle of a short distance into the disc space
somewhat tricky. The authors followed the radio-
graphic assessment protocol described by Patgaon-
kar et al47 to assess the risk of not being able to
insert a large cage transforaminally. Additional
problems may arise from hypertrophic facets that
may need initial manual foraminoplasty with
handheld reamers, drills, and trephines before
motorized burrs are inserted through the endo-
scope’s inner working channel to perform the rest of
the introitus and endplate preparation for the cage
under direct visualization. Typically, the endoscope
is best deployed in releasing the exiting nerve root
from tethering or bony and soft tissue compression,
thus allowing the surgeon to mobilize it, expose the
triangular safe zone, and reach the intervertebral
space. This preoperative planning is time well
spent.48

Bone Graft and Biologics

As an interbody fusion graft, the authors employ
cancellous allograft chips enriched with bone
marrow concentrate and activated platelet-derived
growth factor, which has been reported to achieve
fusion rates comparable to autograft (Figure 4).
Approximately 30 mL of autologous bone marrow
was extracted from the patient’s iliac crest using 2
syringes; bone marrow typically contained an
average of ~200,000/lL known to release growth

Figure 4. Intraoperative steps of the fusion surgery of the patient shown in

Figure 3 showing the endoscopic view (A) of the decorticated endplates and the

empty interspace, (B) the aspiration of bone marrow, (C) the enrichment of

allograft chips with bone marrow aspirate and placement through a funnel into

the intervertebral disc space, and installation of the bullet-nosed cannulated

interbody fusion cage over a nitinol guidewire into the intervertebral disc space

and fluoroscopic control of percutaneously placed cannulated pedicle screws for

nonsegmental posterior supplemental fixation.
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factors including platelet-derived growth factor,
transforming growth factor-b, vascular endothelial
growth factor, and others.20,21

Cage Measurement, Bone Allograft, and Cage
Placement

A cage sizing tool is positioned in the interver-
tebral space to measure the intervertebral cage size
that will be employed. Depending on the patient’s
anatomy, approximately 10 mL of bone allograft
mixed with bone marrow concentrate and platelet-
derived growth factors are impacted on the anterior
and lateral areas of the intervertebral space while
leaving enough space for placement of the cage,
whose position is checked on posteroanterior and
lateral intraoperative fluoroscopic views. The neuro-
foramen is inspected and cleaned of any bone graft
material that may have extruded from the interspace
after the cage insertion. The authors aim for an
oblique cage position in an approximate 458 angle
relative to the posterior annulus across the inter-
space to achieve maximum footprint and optimized
anterior column support. Packing of the cage should
also be maximized to improve bony fusion through
the implant and minimize cage subsidence.

Posterior Supplemental Fixation

For the posterior supplemental fixation, a Jam-
shid needle is placed percutaneously into the target
pedicle under fluoroscopic control. The pedicle
screws are inserted over guide wires after the
tapping. Rods are placed percutaneously to com-
plete the posterior construct. Transverse processes
are decorticated and additional bone graft placed
into the posterolateral gutter. While most patients
had a bilateral pedicle screw construct, some
patients underwent unilateral pedicle screw place-
ment and contralateral transfacet screw fixation49

using established techniques to simplify the sur-
gery.50,51

Fusion and Outcome Analysis

For the clinical outcome analysis, descriptive
statistics (mean and SD), cross-tabulation statistics,
and measures of association were computed for 2-
way tables using IBM SPSS Statistics software,
Version 25.0. The Pearson v2 and the likelihood-
ratio v2 tests were used as statistical measures of
association. The ODI23,24 and VAS leg scores25 were
recorded preoperatively, within 6 weeks postopera-

tively from the index surgery, and at final follow-up.
The interbody fusion was assessed using the
Bridwell classification: grade I, segment fused with
remodeling and trabeculae present; grade II, graft
intact, not fully remodeled and incorporated but no
lucency present; grade III, graft intact, potential
lucency present at top and bottom of graft; and
grade IV, fusion absent with collapse or resorption
of the graft.

RESULTS

A breakdown of the preoperative diagnoses
revealed that 23 (53.5%) of the 43 patients
underwent endoscopically assisted MIS-TLIF for
spondylolisthesis, and the remaining 20 (46.5%)
patients had severe stenosis in the spinal canal,
lateral recesses, and neuroforamina (Table 1). The
indication for stabilization with MIS-TLIF was
iatrogenic decompression-induced instability. Only
1 patient (1/43; 2.3%) had a grade 2 anterolisthesis
using the Meyerding scale. The vast majority (22/43;
51.2%) had grade 1 anterolisthesis with associated
lateral recess and foraminal stenosis. Severe central
canal stenosis (,100 mm2) was observed in 4
patients (9.3%), and 39 patients had surgery for
predominately lateral recess and foraminal stenosis
due to herniated disc and degenerative facet disease.
Each of the 43 patients underwent a single-level
endoscopically assisted MIS-TLIF. The frequency
distribution analysis of the surgical levels showed
that as expected, the L4-5 level was the most
commonly operated spinal motion segment (29/43;
67.4%). The remaining 14 patients were equally

Table 1. Preoperative diagnosis, spondylolisthesis, and stenosis grading.

Frequency %

Valid

%

Cumulative

%

Preoperative diagnosis
Spondyolisthesis 23 53.5 53.5 53.5
Stenosis 20 46.5 46.5 100.0
Total 43 100.0 100.0

Spondolisthesis Meyerding
grade

20 46.5 46.5 46.5
Grade I 22 51.2 51.2 97.7
Grade II 1 2.3 2.3 100.0
Total 43 100.0 100.0

Central canal stenosis
,100 mm2 39 90.7 90.7 90.7
.100 mm2 4 9.3 9.3 100.0
Total 43 100.0 100.0

Levels
L3-4 7 16.3 16.3 16.3
L4-5 29 67.4 67.4 83.7
L5-S1 7 16.3 16.3 100.0
Total 43 100.0 100.0
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distributed, with 7 patients (16.3%) having had

surgery at L3-4 and another 7 patients (16.3%) at

the L5-S1 level.

The authors analyzed the medical risk factors and

risk factors related to preexisting spine disease or

prior surgery, as it could impact the clinical

outcome analysis in this study. Twenty-two

(51.2%) of study patients had no such risk factors

(Table 2). The most common potential risk factors

were osteoporosis (9/43; 20.9%), heart disease (7/43;

16.3%), multilevel disease (5/43; 11.6%), and

previous spinal decompression surgery (3/43; 7%).

Nearly half of the patients (21/43; 48.8%) were

obese with a body mass index from 30 to 35. The

majority of patients (90.7%) had excellent (8;43;

18.6%) or good (31/43; 72.1%) Macnab outcomes

(Tables 3–5). Only 4 patients (9.3%) had fair

Macnab outcomes. The across-the-board analysis

of primary outcome measures showed statistically

significant reductions on paired t testing from the

average preoperative VAS back scores of 8.9070 to a
postoperative VAS score of 3.8605, and a score of
2.7674 at final follow-up (P ,.0001). The reductions
in VAS leg scores were also significant from
preoperative score of 5.58 to 2.16 postoperatively,
and a final follow-up score of 1.67 (P , .0001).
There were also statistically significant reductions in
the ODI score from a preoperative value of 54.4 to
23.3 postoperatively and 18.5 at the final follow-up
(P , .0001). The cross-tabulation of fusion grades
versus clinical outcome shows a significant correla-
tion with successful interbody fusion and excellent
and good Macnab outcomes (P¼ .027; Tables 6 and
7). The vast majority of patients (92.9%) with
Bridwell grade I fusion had excellent or good
Macnab outcomes (Figure 5 and 6).

The overall complication rate was 11% (5/46)
and the reoperation rate of 3.5% (3/46). One patient
suffered from a postoperative foot drop due to L5
neuropraxia after surgery at the L5-S1 level.
Ultimately, the patient recovered function and rated
his clinical outcome as excellent at the final follow-
up. In another patient, facet-pedicular screws had to
be converted to a nonsegmental pedicle screw
construct due to loosening. An additional patient
had an asymptomatic medially placed pedicle screw
revealed on a postoperative CT scan. The patient
underwent revision surgery within 12 hours to
reposition the pedicle screw. A dural tear was
encountered in one patient and was treated with a
collagen patch (Duragen). The patient was dis-
charged after 24 hours and was advised to observe
an additional 5 days of bed rest at home. This
patient had an otherwise uncomplicated recovery
without headaches or the development of a cere-
brospinal fluid fistula. One patient was suspected of
having developed postoperative discitis. His post-
operative MRI scan prompted by acute onset of
back pain showed high signal intensity in the
surgical disc and endplates, but the patient’s white

Table 2. Risk factors that could affect fusion rate and clinical outcome.

Frequency %

Valid

%

Cumulative

%

Spinal risk factor
None 22 51.2 51.2 51.2
Adjacent segment
herniated disc

1 2.3 2.3 53.5

Deformity 2 4.7 4.7 58.1
Multilevel disease 5 11.6 11.6 69.8
Osteoporosis 9 20.9 20.9 90.7
Previous spinal
decompression

3 7.0 7.0 97.7

Previous spinal fusion 1 2.3 2.3 100.0
Total 43 100.0 100.0

Medical risk factor
None 35 81.4 81.4 81.4
Diabetes 1 2.3 2.3 83.7
Heart disease 7 16.3 16.3 100.0
Total 43 100.0 100.0

Body mass index
,25 2 4.7 4.7 4.7
25-30 20 46.5 46.5 51.2
30-35 21 48.8 48.8 100.0
Total 43 100.0 100.0

Social risk factors
None 39 90.7 90.7 90.7
Alcohol abuse 1 2.3 2.3 93.0
Psychiatric history 2 4.7 4.7 97.7
Smoking 1 2.3 2.3 100.0
Total 43 100.0 100.0

Table 3. Macnab outcomes.

Frequency %

Valid

%

Cumulative

%

Excellent 8 18.6 18.6 18.6
Fair 4 9.3 9.3 27.9
Good 31 72.1 72.1 100.0
Total 43 100.0 100.0

Table 4. Descriptive VAS back, VAS leg, and ODI statistics.

Minimum Maximum Mean SD

Preop VAS back 7.00 10.00 8.9070 .81105
Postop VAS back 1.00 8.00 3.8605 1.69848
Final VAS back 1.00 8.00 2.7674 1.58621
Preop VAS leg 3 8 5.58 1.340
Postop VAS leg 1 7 2.16 1.331
Final VAS leg 1 4 1.67 .739
Preop ODI 32.00 78.00 54.3721 12.36936
Postop ODI 0.00 60.00 23.3488 12.63194
Final ODI 4.00 62.00 18.4651 12.12504
Valid N (list-wise) 43

Abbreviations: VAS, visual analog scale; ODI, Oswestry Disability Index.
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blood cell count was normal. Exploration with an
excisional biopsy sent for cultures did not reveal an
infection. The patient was treated for aseptic discitis
with analgesics and a lumbar corset.

DISCUSSION

The endoscopically assisted MIS-TLIF is an
example of the hybridization of endoscopic spinal
surgery techniques with traditional and minimally
invasive spinal fusion surgery, a strategy which is at
the center of this special focus issue of the

International Journal of Spine Surgery on modern
endoscopy applications. It combines elements of
TLIF, microsurgical tubular retractor decompres-
sion surgery, and percutaneous pedicle screw and
transfacet fixation. Most of these techniques are

time-proven with their benefit demonstrated in the
literature in terms of minimizing tissue trauma from
the surgical access to the diseased lumbar spinal
motion segment.52–55 Long-term clinical outcomes
are considered mainly equivalent to contemporary

MIS implants and surgical techniques. The question

arises: Why the combination with endoscopic spinal
surgery?56 The answer to this question may not be
obvious to some but is buried in the details of the
surgeon and patient preferences and an overall trend
to outpatient spinal surgery. While the latter may
not be a motivation in countries where hospital
admissions are commonplace, simplifying spine care
is on the radar of many public healthcare systems
that support transitioning spine surgeries into
ambulatory surgery centers.57 Ultimately, replacing
traditional open spine surgeries with these simplified
spine care procedures for common painful degener-
ative conditions of the spine is expected by many,
and the financial incentives58 are clearly positioned
in such a way to promote this trend.59–61 The
endoscopic-assisted MIS-TLIF where a static can-
nulated cage is introduced into the intervertebral
disc space that has been prepared under direct
visualization over a nitinol guidewire is a stepping
stone towards such simplified lumbar decompres-
sion fusion procedure that is ultimately less burden-
some to the patient62,63 and conserves resources to
take care of the many patients who are coming onto
the healthcare rolls in their advanced age.32,62,64

In this study, the authors have demonstrated the
feasibility of performing a circumferential fusion
with the placement of an interbody fusion cage and
nonsegmental pedicle or transfacet fixation under
local anesthesia and sedation using modern MAC
protocols.65 MAC is associated with fewer problems
related to anesthesia or narcotic-induced postoper-
ative nausea and rapid postoperative recovery by

Table 5. Paired t test VAS back, VAS leg, and ODI scores.

Pairs Mean SD SEM

95% Confidence

Interval of Difference

t df

Significance

(2-tailed)Lower Upper

Preop–postop VAS back 5.04651 1.495 .228 4.586 5.506 22.131 42 .000
Preop–final VAS back 6.13953 1.626 .2481 5.638 6.640 24.747 42 .000
Preop–postop VAS leg 3.422 1.323 .197 3.025 3.820 17.356 44 .000
Preop–final VAS leg 3.911 1.145 .171 3.567 4.255 22.922 44 .000
Preop–postop ODI 31.02326 13.103 1.998 26.990 35.055 15.526 42 .000
Preop–final ODI 35.90698 15.862 2.418 31.025 40.788 14.844 42 .000

Abbreviations: VAS, visual analog scale; ODI, Oswestry Disability Index.

Table 6. Cross-tabulation of fusion grade according to Bridwell classification

and clinical Macnab outcomes.

Macnab

Bridwell Fusion Grade

TotalB1 B2 B3 B4

Excellent
Count 7 0 0 1 8
% within Macnab 87.5 0.0 0.0 12.5 100.0
% within Bridwell 25.0 0.0 0.0 50.0 18.6

Fair
Count 2 0 1 1 4
% within Macnab 50.0 0.0 25.0 25.0 100.0
% within Bridwell 7.1 0.0 25.0 50.0 9.3

Good
Count 19 9 3 0 31
% within Macnab 61.3 29.0 9.7 0.0 100.0
% within Bridwell 67.9 100.0 75.0 0.0 72.1

Total
Count 28 9 4 2 43
% within Macnab 65.1 20.9 9.3 4.7 100.0
% within Bridwell 100.0 100.0 100.0 100.0 100.0

Table 7. v2 tests for Bridwell classification and clinical Macnab outcomes.

Value df

Asymptotic Significance

(2-sided)

Pearson v2 12.180a 6 .058
Likelihood ratio 14.224 6 .027
No. of valid cases 43

aNine cells (75.0%) have expected count of less than 5. The minimum expected
count is .19.
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employing the enhanced recovery anesthesia proto-
cols.66–69 These protocols, in combination with
MAC, have substantially changed how patients are
managed during the perioperative period to facili-
tate the rapid recovery from outpatient spine
surgery in ambulatory surgery centers while achiev-
ing more effective pain control and rehydration. The
authors’ methodology also affords the surgeon the
ability to communicate with the patient during the
operation should the need arise to monitor neuro-
logical functioning.

The posterolateral access to the L5-S1 motion
segment is of particular significance to developing
reliable and feasible outpatient protocols for de-
compression fusion surgeries at that level. Direct
lateral approaches are impractical at that level.
Anterior access to the lumbar spine has been
demonstrated in ambulatory surgery centers. Still,
it is associated with several practical and theoretical
disadvantages that may be interpreted differently
from one to another surgery center depending on
the individual surgeons’ skill level, and the available
equipment and support systems.70–72 There is
potential need for an access surgeon, the use of
abdominal relaxation to facilitate the anterior
exposure may lead to longer wakeup and postoper-
ative urinary retention, and ileus. A traditional
translaminar TLIF approach may be an alternative
to our endoscopic preparation of the L5-S1
interspace but is often more time consuming and
perhaps associated with more bleeding.35,70 Assess-
ing the configuration of the iliac crest on the access
side and the presence of transitional anatomy or
spinal deformity is of particular importance when
selecting patients for this type of L5-S1 MIS-

TLIF.47 The surgeon’s skill level and comfort level

with the endoscopic procedure is likely the most

relevant factor in the patient eligibility determina-

tion.71

Another advantage of the endoscopically per-

formed foraminoplasty relates to the direct visual-

ization73,74 of the exiting and traversing nerve roots,

which are often tethered or adherent to the

intervertebral discs or the degenerative facet joint

complex via juxtasynovial facet cysts.75 The endo-

scopic release of these nerve roots can be elegantly

done with minimal manipulation leading to less

irritation of the dorsal root ganglion or traction

injury, which was observed in only 1 of our patients

with neuropraxia and a foot drop that resolved

spontaneously with supportive care measures within

3 months from the index surgery. Direct visualiza-

tion73 of the interspace and the endplates during the

discectomy and decortication procedures minimizes

excessive violation of the subchondral bone with the

intent of providing just enough punctate bleeding to

stimulate incorporation of the interbody fusion

graft while minimizing the risk of cage subsi-

dence.60,76,77 To the authors’ surprise, cage subsi-

dence was not an issue in our case series. It perhaps

Figure 6. (A) Sagittal and (B) coronal computed tomography (CT) sections of

the same 63-year-old female patient illustrated in Figures 2, 3, and 4 who

underwent endoscopically assisted minimally invasive surgery with

transforaminal lumbar interbody fusion taken 35 months postoperatively. This

CT scan was prompted by recurrent back pain without sciatica that was

ultimately attributed to adjacent-level painful L4-5 facet arthropathy which was

treated successfully without additional surgery and with medical and

interventional supportive care measures.

Figure 5. Postoperative posteroanterior and lateral standing x-rays of the

same 63-year-old female patient illustrated in Figures 2 and 3 who underwent

endoscopically assisted minimally invasive surgery with transforaminal lumbar

interbody fusion are shown. These radiographs were taken at 6 weeks

postoperatively.
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was related to the use of a static cage and the careful
endoscopically visualized endplate preparation.

CONCLUSIONS

Based on our experience, the authors recommend
the use of an endoscope as an adjunct to MIS-TLIF.
Clinical outcomes with the endoscopic interbody
fusion procedure with a static PEEK cage in
conjunction with platelet-enriched bone allograft
were favorable.
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