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ABSTRACT
Background: There has been an increased interest in lumbar interbody fusions through Kambin’s triangle. In this study, 

we describe percutaneous access to the lumbar disc and insertion of an expandable titanium cage through Kambin’s triangle 
without facetectomy. The objective of this study is to determine the feasibility as well as clinical and radiographical outcomes 
of completely percutaneous lumbar interbody fusion (percLIF) using an expandable titanium cage through Kambin’s triangle.

Methods: A retrospective review of patients undergoing single- level percLIF for grade 1 lumbar spondylolisthesis via 
Kambin’s triangle using an expandable titanium cage was performed. Demographic information, Oswestry Disability Index 
(ODI), preoperative and postoperative radiographic factors, perioperative data, and complications were recorded. Fusion 
was assessed with 1- year postoperative computed tomography scan or lumbar spine x- ray and defined as bridging disc or 
posterolateral fusion without evidence of hardware fracture or perihardware lucency.

Results: A total of 16 patients (3 males) were included in this study. Spondylolisthesis, anterior disc height, and posterior 
disc height were significantly improved at 6 weeks, 6 months, and 12 months, postoperatively (P < 0.05). ODI was significantly 
improved by 24.4% at 12 months postoperatively (P = 0.0036). One patient was readmitted within 30 days for pain control but 
otherwise there were no complications including permanent neurological injury, infection, deep vein thrombosis, pulmonary 
embolism, or cardiac events. Fifteen (93.8%) patients had radiographic fusion at their 1- year postoperative imaging.

Conclusion: Our initial experiences have shown that percLIF can be performed using an expandable titanium cage 
through Kambin’s triangle with excellent radiographic and clinical results. In this series, percLIF is a safe and clinically 
efficacious procedure for reducing grade 1 lumbar spondylolisthesis and improving radiculopathy. This procedure is completed 
percutaneously without the use of an endoscope.

Clinical Relevance: This study highlights improvements in outcomes of minimally invasive surgery.
Level of Evidence: IV.

Minimally Invasive Surgery

Keywords: expandable cage, Kambin’s triangle, lumbar interbody fusion, minimally invasive surgery, percutaneous spinal fusion

INTRODUCTION

Low back pain is one of the costliest disabilities1 
and is commonly caused by degenerative disc disease 
and spondylolisthesis.2,3 The aging population has 
seen a concurrent rise in patients with low back pain. 
While conservative treatment is the initial approach 
to symptom management, there is a subset of patients 
who remain refractory to these measures and thus 
require surgical intervention. Fortunately, recent 
advancements in spine surgery have greatly expanded 
surgeons’ ability to treat this disease.4

Lumbar interbody fusions are one such treatment 
option for degenerative disc disease and spondylo-
listhesis.5 Early techniques often required significant 

tissue dissection and muscle disruption in order to 
expose traditional gross anatomical landmarks for the 
purpose of interbody placement and pedicle screw 
insertion. The rapid popularization of minimally 
invasive spine (MIS) surgery has obviated this need, 
and as a result, modern methods now rely moreso on 
navigation and fluoroscopy and can accomplish ana-
tomically similar surgeries through smaller incisions. 
Minimally invasive surgeries thus require less direct 
visualization of anatomical landmarks which reduces 
the need for muscle retraction and dissection—a 
common reason for postoperative pain, morbidity, 
blood loss, and increased length of stay.6–9 It is the 
minimization of this muscle retraction and dissection 
that defines the field of MIS surgery.
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Percutaneous lumbar interbody fusion (percLIF) 
is a new minimally invasive surgery that allows for 
interbody fusion. Unlike traditional transforaminal 
lumbar interbody fusion or posterior lumbar inter-
body fusion, percLIF is performed through Kambin’s 
triangle, defined as the exiting nerve root (hypote-
nuse), superior end plate of the caudal vertebral body 
(base), and thecal sac. This natural corridor allows for 
access to the disc space without the need for a face-
tectomy.10–13

Through Kambin’s triangle, the surgeon can 
perform a thorough discectomy including disc 
removal, end plate preparation, and cage placement. 
There is minimal dissection of soft tissue and disrup-
tion of the posterior tension band, which may reduce 
patient pain and morbidity and iatrogenic instability. 
While there are several studies demonstrating feasibil-
ity of percLIF, there are no high quality data on post-
operatively patient- reported as well as radiographical 
outcomes.14 Work published in 2019 by Morgenstern 
and Morgenstern described the percLIF. However, 
their technique utilized an endoscope to visualize the 
entry to the disc space.14 Additional existing litera-
ture has demonstrated the feasibiliity of static, non-
expandable cages, and porous allograft- containing 
mesh.14–17 This is the first reported series demonstrat-
ing the feasibility and outcomes of patients with low- 
grade spondylolisthesis undergoing lumbar fusion 
through the percLIF approach utilizing an expandable 
titanium cage.

METHODS

Study Design

The authors performed a single- center, single- surgeon 
retrospective review of prospectively collected data of 
patients with the following inclusion criteria: (1) adult 
patients age greater than or equal to 18 years, (2) undergo-
ing single- level percLIF via Kambin’s triangle, (3) utiliz-
ing an expandable titanium cage interbody device for, (4) 
treatment of grade 1 spondylolisthesis from 1 July 2018 
to 31 July 2019. In general, patients with severe central 
and foraminal stenosis were not included as it was felt 
that more direct decompression would be needed in these 
cases. Demographic information, comorbidities, preoper-
ative and postoperative radiographic factors, perioperative 
data, and complications were recorded. Oswestry Disabil-
ity Index (ODI), was obtained from the patient preopera-
tively, which served as the baseline, and postoperatively at 
6 weeks, 6 months, and 12 months.

Standing lumbar x- rays were obtained at 6 weeks, 
6 months, and 12 months postoperatively and taken 
with a radiodense ruler to serve as a reference for 
radiographic measurements. If available, postop-
erative computed tomography (CT) scans at the 
1- year postoperative follow- up were also reviewed. 
From these, the anterior disc height, posterior disc 
height, and severity of spondylolisthesis were mea-
sured. Radiographic fusion was determined if there 
was bridging bone in either the disc space or pres-
ence of posterolateral fusion. Any presence of hard-
ware fracture, screw migration, or perihardware 
lucency was deemed suggestive of pseudarthrosis 
and thus was considered “nonfused.” Complications 
such as 30- day postoperative readmission, deep vein 
thrombosis, pulmonary embolism, new temporary 
or permanent weakness or neurological deficit, and 
infections were also recorded. Parametric data were 
expressed as means with standard deviation and com-
pared with the Fisher’s exact test. Categorical data 
were compared with the χ2 test with α < 0.05.

Surgical Technique

Each case was completed by a single, fellowship- 
trained, neurosurgical surgeon. The patient was 
brought into the operating room and intubated under 
general anesthesia. Inhaled anesthetics were not used 
as to not interfere with continuously free- running 
electromyography (EMG) readings. After intubation, 
a urethral catheter is placed and EMG monitoring 
needles are introduced into the lower extremities. The 
patient is then flipped prone on a Jackson table with 
the arms aimed 90° toward the head in the “Super-
man” position. The disc space was then identified with 
fluoroscopic guidance. A paramedian stab incision 
is made 10 to 11 cm from the midline. Continuous 
EMG signals were monitored to ensure no damage 
to neighboring nervous tissue. A blunt EMG probe 
is used to pierce the fascia and aimed at Kambin’s 
triangle (Figure 1A). Continuous EMG was used, and 
if there was not firing at 5 mA when the disc was 
entered, this was considered a safe entry to the disc.

Dilators were subsequently introduced over the 
blunt EMG probe, and a working channel was docked 
just inside the annulus to protect surrounding struc-
tures (Figure 1B). Disc material was removed with the 
sequential use of pituitary rongeur, fan- blade shaver, 
articulating curette, and rotating metal- bristle brushes. 
Discectomy was confirmed by placing a balloon into 
the disc space and filling the balloon with radio- 
opaque dye. The balloon and dye fill the contours 

 by guest on May 26, 2023http://ijssurgery.com/Downloaded from 

http://ijssurgery.com/


Wang et al.

International Journal of Spine Surgery, Vol. 15, No. 6 1135

of the disc space and can identify any remaining 
disc fragments or confirm the complete discectomy 
(Figure 1C). Then, a special inserter (Envoy, Spine-
ology, Minneapolis, MN) was used to help place the 
ELITE Expandable Cage (Spineology, Minneapolis, 
MN) (Figure 1D). The cage was inserted at a starting 
height of 7 mm and expanded to a final height of a 
maximum of 15 mm and filled with allograft cortical 
fibers. All cages are 10 mm wide and can come in 0, 
6, and 12 degrees of lordosis.

Under fluoroscopic guidance, the cage was placed in 
the middle of the disc space and expanded until the cage 
is in good contact with the inferior and superior end plate 
to provide indirect decompression (Figure 1E). This 

incision is closed at the skin, only, with either monocryl 
suture or staples. Attention is then paid to percutaneous 
pedicle screw instrumentation, which can be performed 
via stab incisions or Wiltse incisions per surgeon prefer-
ence with final fluoroscopy used to confirm appropriate 
placement of all hardwares (Figure 1F).

Statistical Analysis

Data were compiled in Microsoft Excel (Microsoft 
Inc, Redmond, WA). Parametric data were expressed 
as means with standard deviation and compared with 
the Fisher’s exact test. Categorical data were com-
pared with the χ2 test with α < 0.05.

Figure 1. Sequential fluoroscopic imaging of the percutaneous lumbar interbody fusion. (A) A blunt electromyography guided probe traverses the fascia, Kambin’s 
triangle, and is introduced into the disc space. (B) After sequential dilation, a working cannula is docked inside the disc space to protect surround structures. 
(C) After appropriate discectomy, a balloon is placed inside the disc space and inflated with radio- opaque material to confirm satisfactory discectomy. (D) After 
satisfactory end plate preparation, an introducer is placed at the center of the disc space and loaded with an expandable cage. (E) The cage is expanded as it is 
shown. (F) Percutaneous screws are placed to complete the procedure.
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RESULTS

Demographic Data

Sixteen patients were identified as having a grade 1 
lumbar spondylolisthesis that underwent percLIF, and 
all patients were followed postoperatively through at 
least 1 year. Table 1 depicts the patient demograph-
ics, comorbidities, and level of disease. Thirteen of 
the 16 patients were female (81.3%), and 3 were male 
(18.7%). The average age was 56.9 ± 11.4 years. The 
average Body Mass Index was 30.8 ± 5.3 kg/m2 with a 
range of 22.1 to 39.5 kg/m2. The most common opera-
tive level was L4- 5 with 9 patients (56.3%), followed 
by L3- 4, and L5- S1 with 3 patients each (18.8%) and 
L2- 3 with 1 patient (6.3%). PercLIF did not have to be 
abandoned for the more traditional open or minimally 
invasive approaches for any patient.

Hospitalization Data

Operative data is summarized in Table 2. The mean 
operative time was 157 ± 45.9 min, with an average esti-
mated blood loss of 39.3 ± 39.4 mL. Average hospital 
stay was 1.5 days, where 8 of the 16 patients discharged 
on postoperative day 1. Of those remaining 8 patients 
who were not discharged on postoperative day 1, 4 had 
not yet cleared physical and occupational therapy, 3 
patients still required intravenous analgesic agents, and 

1 patient was not yet medically safe for discharge due 
to respiratory distress. Two patients’ length of stay were 
2 standard deviations outside of the group’s mean. As 
such, they were considered outliers and not included in 
the length of stay data analysis.

Complications

No intraoperative complications were noted. In this 
patient series, there were no instances of new postop-
erative neurological deficits or radiculopathies. One 
patient who underwent an L4- 5 percLIF was readmitted 
within 30 days of surgery. His index case was uncom-
plicated, but he remained in the hospital until postoper-
ative day 8 for pain control, at which point the patient 
was discharged to home. He was presented to the emer-
gency department with postoperative pain on postoper-
ative day 21. CT lumbar spine and CT myelogram were 
conducted, which confirmed well- positioned hardware 
and no compression of the nerve roots or thecal sac. The 
patient was readmitted for pain management and was 
discharged home after 5 days of additional analgesia 
and work with physical and occupational therapy.

Radiographical Data

Radiographical data are summarized in Table 3. 
Baseline spondylolisthesis was 8.6 ± 5.4 mm and 
improved to 5.0 ± 2.0 mm at 6 weeks postoperatively, 
4.3 ± 2.7 mm at 6 months postoperatively, and 3.7 ± 
2.11 mm at 12 months postoperatively (P = 0.005, P 
= 0.036, and P = 0.044, respectively). Changes in pre-
operative and postoperative spondylolisthesis are sum-
marized in Figure 2. This corresponded to a 34.6 ± 
21.8% improvement in spondylolisthesis at 6 weeks, 
42.6 ± 30.1% improvement at 6 months, and 58.2 ± 
27.6% improvement at 12 months. Baseline anterior 
disc height was 5.8 ± 2.7 mm and improved to 8.9 ± 
2.8 mm at 6 weeks postoperatively, 11.9 ± 4.0 mm at 
6 months postoperatively , and 10.5 ± 3.0 mm at 12 
months postoperatively (P < 0.0002, P = 0.003, and P = 
0.040, respectively). Baseline posterior disc height was 
5.9 ± 2.7 mm and improved to 8.9 ± 2.8 mm at 6 weeks 
postoperatively, 8.0 ± 1.3 mm at 6 months postopera-
tively, and 9.0±4.1 mm at 12 months postoperatively 
(P = 0.0005, P = 0.018, and P = 0.048, respectively). 
Figure 3 shows the change in anterior and posterior 
disc height preoperatively and postoperatively. Lumbar 
lordosis varied widely among patients and averaged 
17.3 ± 20.2 degrees preoperatively and 19.4 ± 17.4%, 
immediately postoperatively. All patients had 12- month 
postoperative imaging for review, which demonstrated 
a 93.8% fusion rate per previous criteria.

Table 1. Demographic data.

Variable
Value Count (%) or Mean 

(SD)

N 16 (100%)
Age (years) 56.9 (11.4)
Female 13 (81.3%)
BMI (kg/m2) 30.8 (5.3)
Grade 1 spondylolisthesis 16 (100%)
Hypertension 7 (43.8%)
Dyslipidemia 2 (12.5%)
Diabetes mellitus type 2 4 (25.0%)
Coronary artery disease 2 (25.0%)
Rheumatoid arthritis 0 (0.0%)
Operative level
  L1- L2 0 (0%)
  L2- L3 1 (6.3%)
  L3- L4 3 (18.8%)
  L4- L5 9 (56.3%)
  L5- S1 3 (18.8%)

Table 2. Operative and hospitalization data.

Variable Value Count (%) or Mean 
(SD)

Operative time (minutes) 149 (33.8)
Estimated blood loss (milliliters) 29.6 (12.4)
Length of stay (nights) 1.50 (.650)a

aTwo patients were considered outliers and omitted as they were outside the mean 
plus 2 standard deviations.
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Oswestry Disability Index

Average baseline ODI was 41.5 ± 8.45% indicat-
ing “severe disability” and improved to 34.4 ± 14.9% 
and “moderate disability” at 6 weeks, 35.8 ± 8.6% and 
“moderate disability” at 6 months, and 17.0 ± 14.1% 
and “minimal disability” at 12 months. One- year ODI 
was significantly improved when compared to baseline 
(P = 0.0036). The improvement in ODI is illustrated in 
Figure 4.

Case Example

A 54- year- old male with an unremarkable past 
medical history presented with back and leg pain refrac-
tory to conservative measures and subsequently under-
went magnetic resonance imaging and flexion- extension 
x- ray imaging (Figure 5) demonstrating degenerative 
disc disease at L3- 4 with loss of height, diffuse disc 
bulge, including right neuroforamen compromise with 

resulting severe narrowing. Flexion- extension x- ray 
images showed static grade 1 spondylolisthesis with 
retrolisthesis of L3 on L4. The patient underwent an 
uncomplicated percLIF at L3- 4, with excellent hard-
ware placement and durable indirect decompression at 
6 months postoperatively. The patient’s ODI improved 
from a baseline of 40% to 11% at 6 weeks and 6 % at 
12 months postoperatively, indicating a rapid reduction 
in disability that was maintained long term.

DISCUSSION

MIS surgery techniques have undergone tremen-
dous changes within the past 2 decades. This has 
included the advent of new corridors to the spine, 
such as lateral and oblique approaches, which aim to 
avoid the important paraspinal musculature, as well 
as tubular and endoscopic spine surgery. Endoscopic 
spine surgeons have long appreciated the importance 

Table 3. Patient spondylolisthesis, anterior disc height, and posterior disc height.

Variable
Baseline, Mean (SD) 

(n = 16)
6 Weeks, Mean (SD) 

(n = 16)
6 Months, Mean (SD) 

(n = 10)
12 Months, Mean 

(SD) (n = 6)
P Value

Spondylolisthesis (mm) 8.6 (5.4) 5.0 (2.0) 4.3 (2.7) 3.7 (2.11) 6 weeks: P = 0.005
6 months: P = 0.036
12 months: P = 0.044

Anterior disc height (mm) 6.9 (3.6) 11.9 (3.5) 11.9 (4.0) 10.5 (3.0) 6 weeks: P < 0.0002
6 months: P = 0.003
12 months: P = 0.040

Posterior disc height (mm) 5.9 (2.7) 8.9 (2.8) 8.0 (1.3) 9.0 (4.1) 6 weeks: P = 0.0005
6 months: P = 0.018
12 months: P = 0.048

Figure 2. Bar graph illustrates the correction of the grade 1 spondylolisthesis preoperatively compared to 6 weeks, 6 months, and 12 months postoperatively. The 
improvement in spondylolisthesis was significantly improved at 6 weeks, 6 months, and 12 months postoperatively (P < 0.05).
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of Kambin’s triangle as a method to perform discec-
tomies without the need for laminectomies or face-
tectomies, which ensures minimal disruption of the 
normal tissue by utilizing natural anatomical planes 
and windows. As the facet joint contains a rich vascu-
lar and nerve supply, avoiding disruption can prevent 
unnecessary patient pain and morbidity.18 Until 
recently, it was only possible to perform discectomy 
through Kambin’s triangle, as previous technology 

prevented the operator from placing interbody devices 
through endoscopic or percutaneous portals. Recent 
advances in instrumentation have granted this ability 
to surgeons, thus allowing for a complete percLIF. 
This case series demonstrates promising clinical 
and radiographic improvements following complete 
percLIF; while this series contains only 16 patients, 
none of the patients experienced any new neurological 
deficit or major surgical complication.

Figure 3. Bar graph shows baseline disc height and its increase at 6 weeks, 6 months and 12 months postoperatively. The anterior and posterior disc height was 
significantly increased at 6 weeks, 6 months, and 12 months postoperatively (P ≤ 0.05).

Figure 4. Scatter plot demonstrating mean Oswestry Disability Index (ODI) scores of patients receiving percutaneous lumbar interbody fusion procedure over 
1- year period. ODI scores were significantly improved at 1 year when compared to baseline (P ≤ 0.05).

 by guest on May 26, 2023http://ijssurgery.com/Downloaded from 

http://ijssurgery.com/


Wang et al.

International Journal of Spine Surgery, Vol. 15, No. 6 1139

The completely percutaneous technique described in 
this manuscript offers the spine surgeon a unique ability 
to perform lumbar interbody fusion with minimal 
unnecessary tissue trauma. Minimally invasive transfo-
raminal lumber interbody fusion (MIS TLIF) is another 
such well- established minimally invasive technique, 
although the need for medial or complete facetectomy 
results in slightly higher blood loss when compared to 
completely percutaneous methods. Estimated blood 
loss for a single- level MIS TLIF varies in the literature 
from 143 to 352 mL, which is comparatively still less 
than open techniques.19–22 Additionally, length of stay 
for a single- level MIS TLIF has been found to be 2.3 
to 3.35 days23–25. The percLIF technique described here 
compares favorably with an average estimated blood 
loss of 39.3 mL and a length of stay of 1.5 days.

The reduced blood loss and shorter hospital stays 
were validated by patient- reported improvements in 
short- and long- term clinical and radiographic out-
comes. In this cohort, both short- and long- term ODI 
score improvements surpassed the minimal clinically 
important difference of 12.8% to 14.3% as accepted 
in the previously published literature on lumbar spon-
dylosis.26,27 This has been similarly reported by exist-
ing literature on endoscopic percutaneous techniques, 

including a 2019 report by Morgenstern and Mor-
genstern, which demonstrated significantly improved 
postoperative visual analog scale and ODI scores at 1 
year.14 They followed this with a study on full percu-
taneous, transforaminal lumbar interbody fusion using 
a facet- sparing, trans- Kambin approach, similar to the 
technique reported in this manuscript. In this study, they 
found that visual analog scale axial lumbar pain, leg 
pain, and ODI were significantly improved postopera-
tively with a mean follow- up of 27.9 months28. However, 
they noted a 32% postoperative complication rate con-
sisting of ipsilateral dysesthesias and transitory muscle 
weakness. Their technique did not comment on the use 
of free- running EMG as was used for the patients in this 
series, which the present authors believe is necessary 
to ensure no damage is done to the exiting nerve root 
during the discectomy or impaction of the interbody 
device. Our patient sample consequently demonstrated 
no new cases of dysesthesias, despite undergoing a sur-
gical technique that was otherwise similar to that pro-
posed by Morgenstern and Morgenstern.

One previous criticism of percutaneous fusion tech-
niques was increased rates of pseudarthrosis. This crit-
icism stemmed from a multitude of factors, incomplete 
discectomy secondary to lack of direct visualization, 

Figure 5. Radiographical evaluation of the patient. (A) Preoperative lumbar sagittal and axial magnetic resonance imaging without contrast showing 
degenerative disc disease, height loss, and disc bulge at L3- 4 with left neuroforaminal stenosis. (B) Preoperative flexion- extension lumbar x- rays showing a 
grade 1 spondylolisthesis at L3- 4. (C) Anterior- posterior and lateral lumbar x- rays immediately after L3- 4 percutaneous lumbar interbody fusion (percLIF) showing 
satisfactory placement of the interbody expandable cage and rigid pedicle screw and rod fixation. (D) Anterior- posterior and lateral lumbar x- rays 6 months after 
L3- 4 percLIF showing appropriate hardware placement.
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and small cage footprint due to percutaneous delivery 
portals. As the technique has evolved, clinical outcomes 
have improved while complications have decreased, 
and as this manuscript has demonstrated, fusion 
rates have improved to rival those of more traditional 
approaches.19,28,29

Percutaneous techniques certainly have limitations. 
Similar to other spine procedures relying on ligamen-
totaxis and indirect decompression, patients with high- 
grade spondylolisthesis, or advanced bony lateral recess 
stenosis or central canal stenosis are considered poor 
candidates for percutaneous lumbar fusion.30 However, 
patients with low- grade spondylolisthesis (either 
mobile or static) and degenerative disc disease causing 
back pain and radiculopathies seem to experience 
encouraging outcomes. Indeed, this is the first study to 
show interval significant improvements in ODI and disc 
height following percLIF for the indication of grade 1 
lumbar spondylolisthesis with the implantation of an 
expandable titanium interbody cage through Kambin’s 
triangle.

Limitations

Consistent with most small case series, surgeons 
should be cautious to make broad scale generalizations 
regarding the outcomes of this study. While the patients 
in this series did not have major surgical complica-
tions, it is important to recognize the ever present risk 
of nerve root injury and cerebrospinal fluid leak, which 
have been documented in previous literature.31

Lastly, as this was a single- surgeon, single- 
institutional study, there may be differences in tech-
nique or patient selection within the inclusion and 
exclusion criteria that may have impacted clinical out-
comes. As more surgeons adopt percutaneous lumbar 
fusion techniques, the authors anticipate future studies 
will combine the techniques and outcomes from a mul-
titude of providers.

CONCLUSION

In our retrospective series, the percLIF is an effective 
technique for the insertion of an expandable titanium 
cage for the treatment of grade 1 lumbar spondylolis-
thesis and does not require the use of an endoscope. 
These patients had significant improvement in their 
spondylolisthesis, disc height, and ODI scores after 
percLIF. Further long- term studies are needed to val-
idate imaging and quality of life improvements seen 
here.
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