
The dualPortal® solution is a novel 
two-portal endoscopic approach to the 
spine that allows surgeons to easily 
learn and perform a wider array of 
lumbar spine procedures with lower 
cost compared to the conventional 
one-portal technique. It also provides 
flexibility to perform endoscopic 
lumbar fusions with the dualX® 
Expanding Interbody Fusion System. 
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 Enhanced
Visualization

SPINAL ENDOSCOPYTHE



- Shorter Learning Curve: similar workflow to a familiar posterior approach.
- Lower Cost: compatible with widely available endoscopic systems.
- Versatility: accommodates a variety of lumbar procedures, including multi-level fusions.

Compared to uni-portal spine endoscopy.

Comparing dualPortal® (biportal endoscopic) TLIF using an 
Enhanced Recovery After Surgery (ERAS) pathway to microscopic 
TLIF, researchers found that dualPortal® TLIF with ERAS 
improved VAS back scores significantly more than microscopic 
TLIF, postoperatively. “Biportal endoscopic TLIF with ERAS 
pathway may have good aspect to accelerate recovery after 
surgery. There was no inferiority of fusion rate of endoscopic 
TLIF comparing to microscopic TLIF. Biportal endoscopic TLIF 
using a large cage with ERAS pathway may be a good alternative 
treatment for lumbar degenerative disease.”*
*Heo DH, Jang JW, Park CK. Enhanced recovery after surgery pathway with modified biportal endoscopic 
transforaminal lumbar interbody fusion using a large cage. Comparative study with minimally invasive 
microscopic transforaminal lumbar interbody fusion. European Spine Journal (2023).

A 63-year-old female patient presented with low back pain, lower left extremity. (A) The 
preoperative imaging showed degenerative spondylolisthesis with central stenosis, facet and 
ligamentum hypertrophy at L4–5. A dualPortal® transforaminal lumbar interbody fusion (TLIF) 
with unilateral laminotomy for bilateral decompression, using Amplify Surgical’s dualX® dual-
expanding titanium cage, was performed with a left-sided approach.*
*Heo DH, Hong YH, Lee DC, et al. Technique of biportal endoscopic transforaminal lumbar interbody fusion. Neurospine 2020;17(Suppl 1):S129-37.
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2. Surgical Procedure
The procedure utilizes biportal endoscopy, which consists of 

an endoscopic camera, endoscopic irrigation equipment, moni-
tor, radiofrequency (RF) console with probes, high speed bur,
bone cutting endoscopic shaver device, and standard surgical
instruments.4,9,12

The dual direction expandable titanium TLIF cages start at a 
height of 7 mm that expand to 3-mm increments and width of 
12 mm that expand to 21 mm with cage length options of 25
and 30 mm (Fig. 1). The cages are available in 0°, 8°, 12°, and 
15° lordotic options. The cage is designed with a large center
chamber for bone graft placement after expansion and an open 
structure design that allows bone graft to be placed through the 
cage and into the disc space. The cage is designed with 2 inde-
pendent locking mechanisms to ensure that the cage remains
expanded in both width and height. Initial locking occurs with 
an expansion locking mechanism and a secondary active lock-
ing occurs with insertion of a locking screw through the cage.

We preferred general endotracheal anesthesia for biportal en-
doscopic TLIF. After anesthesia, the patient is placed in the prone 
position on a Jackson table or a Wilson frame. Two incisions
are made for the biportal endoscopic procedure (Fig. 2A). The 
first incision is made over the ipsilateral caudal pedicle below
the disc space as the working portal, measuring approximately 
2 cm (Fig. 2B). The surgical instruments, outflow cannula, in-
terbody cage, and pedicle screw can all be introduced through 
this working portal. The second incision is for the viewing por-
tal, which is a 5-mm stab incision made approximately 2 cm
cephalad to the working portal and lateral to the pedicle (Fig.

2B). Two 18-gauge 90-mm length spinal needles are initially
placed through the planned incision sites. Lateral fluoroscopic
images are used to verify the correct spinal level and disc space 
as well as trajectories. Once the working portal incision is made, 
the lumbodorsal fascia is incised in the trajectory of the portal 
and serial dilators are inserted. The paraspinal musculature and 
adventitia are bluntly dissected off the cephalad and caudal lami-
nae and a working space is created over the laminae. An outflow
cannula is then placed in the working portal and the endoscop-
ic camera is introduced after creating the viewing portal. After 
the endoscopic irrigation is started, the endoscopic camera and 
a RF probe are then triangulated over the cephalad lamina (Fig. 
3A). Basically, our biportal endoscopic TLIF is similar to MIS-
TLIF using tubular retractor systems. At this point, if patients
have symptomatic central stenosis, a unilateral laminotomy with 
bilateral decompression can be performed as previously described 
(Fig. 3B).4,6 After the decompression is complete, a complete
facetectomy is performed with a straight osteotome under di-
rect visualization of the endoscope. The bone from the facetec-
tomy can be harvested and processed as autograft for later in
the procedure. Once the disc space is identified, and the annu-
lus fibrosis is then incised by a blunt annular knife. Serial disc
space shavers are then introduced into the disc space to remove 
the disc material and cartilaginous endplate. The disc material 
can then be further removed with a series of pituitaries and an-
gled curettes under direct endoscopic visualization (Fig. 4A).
The complete preparation of the bony endplates with bleeding 
bony surfaces can be verified directly by the endoscope (Fig.
4B). Prior to placing the final implant, serial trials are inserted 

Fig. 2. (A) Overview of biportal endoscopic approach. Intra-
operative photograph depicting the endoscope placed in the
viewing portal and the surgical instrument placed in the work-
ing portal. (B) Intraoperative anteriorposterior fluoroscopy
image depicting the location of the portals. The white line is
the location of the viewing endoscopic portal and the black
line is the location of the working portal.

A B

Fig. 3. (A) Intraoperative fluoroscopy image showing the en-
doscopic camera and radiofrequency probe triangulated over 
the L4 lamina and disc space of L4–5. (B) Intraoperative en-
doscopic photograph showing the dura and traversing nerve
root exposed after completion of the unilateral laminotomy
and bilateral decompression.
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Fig. 4. (A) Intraoperative lateral fluoroscopy image showing
the endoscopic camera within the intervertebral disc space
during the discectomy and endplate preparation with an an-
gled curette. (B) Intraoperative endoscopic photograph show-
ing the intervertebral disc space after complete discectomy
and endplate preparation with removal of the cartilaginous
endplate for fusion.

A B

Fig. 5. Intraoperative anteroposterior (A) and lateral (B) fluoroscopy image during the initial placement of the dual expandable 
titanium cage into the disc space with endoscopic visualization. The cage has been placed near the ventral aspect of the disc space. 
(C) Intraoperative anteriorposterior fluoroscopy image after the cage has been fully expanded in the medial to lateral dimension 
in the midline of the disc space. (D) Lateral fluoroscopy image after the cage has been fully expanded in height.
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into the disc space to determine the initial and final height that 
the disc space can accommodate. Only after proper trialing, the 
final implant is then selected.

Autograft can be introduced into the disc space using a spe-
cialized endoscopic funnel. The collapsed dual direction expand-
able cage is then inserted into the disc space with retraction of 
the thecal sac, traversing and exiting nerve root using special-
ized endoscopic retractors (Figs. 5, 6). A customized cage guid-
ance helps to safely insert the cage into disc space. The cage is 
impacted to the anterior border of the disc space and across the 
midline under fluoroscopic guidance in both the AP and lateral 
projections (Fig. 5A, B). The cage is expanded initially in the
medial to lateral direction (Fig. 5C). Once this is complete, the 
cage is then expanded to the final height position (Fig. 5D). Af-

ter inserting the cage into the disc space, turning the insertion 
handle will initially expand the cage in the medial to lateral di-
rection to the final width of 21 mm for increased surface area
covered within the disc space. Once medial to lateral expansion 
is complete, then cage height expansion proceeds. The final hei-
ght was previously determined by the trialing and the cage will 
expand in height by 3 mm to the final height with continued
rotation of the insertion handle. Proper trialing and cage selec-
tion is paramount to prevent endplate damage and subsidence.

The secondary locking screw is then inserted and locked into 
final position. The inserter is then removed from the cage and 
fluoroscopic images are obtained in the AP and lateral projec-
tions.

Specialized bone graft cannulas are filled with allograft mate-
rial such as demineralized bone matrix (DBM) putty and fiber 
and the cannulas are used to introduce the allograft material
into the cage and disc space. The open architecture of the cage 
allows for the allograft to freely fill the cage and disc space. Typi-
cally, endoscopic fluid irrigation is paused during the insertion 
of the allograft material. A surgical drain is then placed into the 
laminotomy site to reduce the risk of epidural hematoma post-
operatively. All endoscopic equipment is then removed, and
percutaneous pedicle screws are placed in the standard fashion 
like MIS-TLIF (Fig. 6).

RESULTS

1. Clinical and Radiological Results
We successfully performed biportal endoscopic TLIF surger-

ies using dual direction expandable cages in 10 patients. All sur-
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the disc space can accommodate. Only after proper trialing, the 
final implant is then selected.

Autograft can be introduced into the disc space using a spe-
cialized endoscopic funnel. The collapsed dual direction expand-
able cage is then inserted into the disc space with retraction of 
the thecal sac, traversing and exiting nerve root using special-
ized endoscopic retractors (Figs. 5, 6). A customized cage guid-
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midline under fluoroscopic guidance in both the AP and lateral 
projections (Fig. 5A, B). The cage is expanded initially in the
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ter inserting the cage into the disc space, turning the insertion 
handle will initially expand the cage in the medial to lateral di-
rection to the final width of 21 mm for increased surface area
covered within the disc space. Once medial to lateral expansion 
is complete, then cage height expansion proceeds. The final hei-
ght was previously determined by the trialing and the cage will 
expand in height by 3 mm to the final height with continued
rotation of the insertion handle. Proper trialing and cage selec-
tion is paramount to prevent endplate damage and subsidence.

The secondary locking screw is then inserted and locked into 
final position. The inserter is then removed from the cage and 
fluoroscopic images are obtained in the AP and lateral projec-
tions.

Specialized bone graft cannulas are filled with allograft mate-
rial such as demineralized bone matrix (DBM) putty and fiber 
and the cannulas are used to introduce the allograft material
into the cage and disc space. The open architecture of the cage 
allows for the allograft to freely fill the cage and disc space. Typi-
cally, endoscopic fluid irrigation is paused during the insertion 
of the allograft material. A surgical drain is then placed into the 
laminotomy site to reduce the risk of epidural hematoma post-
operatively. All endoscopic equipment is then removed, and
percutaneous pedicle screws are placed in the standard fashion 
like MIS-TLIF (Fig. 6).

RESULTS

1. Clinical and Radiological Results
We successfully performed biportal endoscopic TLIF surger-

ies using dual direction expandable cages in 10 patients. All sur-
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geries included biportal endoscopic unilateral laminotomy, bi-
lateral decompression with TLIF and percutaneous pedicle screw 
fixation as described. The average age was 68.5± 5.4 years old
with 6 females and 4 males. The diagnoses included degenera-
tive spondylolisthesis with concomitant central stenosis (9 cas-
es) and isthmic spondylolisthesis (1 case). The levels involved
included L4–5 (8 cases), L5–S1 (2 cases). The average operation 
time was 151.4± 30.6 minutes. The mean postoperative estimat-

ed blood loss as measured by drain output was 156.6± 74.2 mL 
(Table 1).

Preoperative VAS of back decreased significantly from 6.9±
1.19 to 2.1±1.85 at 6 weeks postoperatively, 1.3±1.57 at 3 months 
postoperatively, and 1.25±0.63 at 6 months after surgery (p<0.05). 
Preoperative VAS of leg decreased significantly from 8.3± 1.16 
to 0.55± 1.57 at 6 weeks postoperatively, 1.6± 1.65 at 3 months 
postoperatively, and 1± 0.94 at 6 months after surgery (p< 0.05). 

Fig. 6. A 63-year-old female presented with low back pain, left lower extremity. Biportal endoscopic transforaminal lumbar in-
terbody fusion with unilateral laminotomy with bilateral decompression using a dual direction expandable titanium cage was
performed with a left sided approach. Preoperative anteriorposterior (AP) (A) and lateral (B) x-ray images showing lower lum-
bar degenerative changes, facet arthropathy and grade 1 L4–5 spondylolisthesis with disc space narrowing. (C) Preoperative axi-
al magnetic resonance imaging image demonstrating L4–5 severe central stenosis, facet and ligamentum hypertrophy. Intraop-
erative AP (D) and lateral (E) fluoroscopy images showed that dual expandable cage is inserted at L4–5 disc space. Intervertebral 
space is expanded after a cage insertion. Pedicle screws were placed with bone cement augmentation. Postoperative AP (F) and 
lateral (G) x-ray images taken 6 months after surgery revealed that the cage expansion was well maintained without subsidence 
or recollapse.
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Fig. 4. (A) Intraoperative lateral fluoroscopy image showing
the endoscopic camera within the intervertebral disc space
during the discectomy and endplate preparation with an an-
gled curette. (B) Intraoperative endoscopic photograph show-
ing the intervertebral disc space after complete discectomy
and endplate preparation with removal of the cartilaginous
endplate for fusion.

A B

Fig. 5. Intraoperative anteroposterior (A) and lateral (B) fluoroscopy image during the initial placement of the dual expandable 
titanium cage into the disc space with endoscopic visualization. The cage has been placed near the ventral aspect of the disc space. 
(C) Intraoperative anteriorposterior fluoroscopy image after the cage has been fully expanded in the medial to lateral dimension 
in the midline of the disc space. (D) Lateral fluoroscopy image after the cage has been fully expanded in height.
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into the disc space to determine the initial and final height that 
the disc space can accommodate. Only after proper trialing, the 
final implant is then selected.

Autograft can be introduced into the disc space using a spe-
cialized endoscopic funnel. The collapsed dual direction expand-
able cage is then inserted into the disc space with retraction of 
the thecal sac, traversing and exiting nerve root using special-
ized endoscopic retractors (Figs. 5, 6). A customized cage guid-
ance helps to safely insert the cage into disc space. The cage is 
impacted to the anterior border of the disc space and across the 
midline under fluoroscopic guidance in both the AP and lateral 
projections (Fig. 5A, B). The cage is expanded initially in the
medial to lateral direction (Fig. 5C). Once this is complete, the 
cage is then expanded to the final height position (Fig. 5D). Af-

ter inserting the cage into the disc space, turning the insertion 
handle will initially expand the cage in the medial to lateral di-
rection to the final width of 21 mm for increased surface area
covered within the disc space. Once medial to lateral expansion 
is complete, then cage height expansion proceeds. The final hei-
ght was previously determined by the trialing and the cage will 
expand in height by 3 mm to the final height with continued
rotation of the insertion handle. Proper trialing and cage selec-
tion is paramount to prevent endplate damage and subsidence.

The secondary locking screw is then inserted and locked into 
final position. The inserter is then removed from the cage and 
fluoroscopic images are obtained in the AP and lateral projec-
tions.

Specialized bone graft cannulas are filled with allograft mate-
rial such as demineralized bone matrix (DBM) putty and fiber 
and the cannulas are used to introduce the allograft material
into the cage and disc space. The open architecture of the cage 
allows for the allograft to freely fill the cage and disc space. Typi-
cally, endoscopic fluid irrigation is paused during the insertion 
of the allograft material. A surgical drain is then placed into the 
laminotomy site to reduce the risk of epidural hematoma post-
operatively. All endoscopic equipment is then removed, and
percutaneous pedicle screws are placed in the standard fashion 
like MIS-TLIF (Fig. 6).

RESULTS

1. Clinical and Radiological Results
We successfully performed biportal endoscopic TLIF surger-

ies using dual direction expandable cages in 10 patients. All sur-
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laminotomy site to reduce the risk of epidural hematoma post-
operatively. All endoscopic equipment is then removed, and
percutaneous pedicle screws are placed in the standard fashion 
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geries included biportal endoscopic unilateral laminotomy, bi-
lateral decompression with TLIF and percutaneous pedicle screw 
fixation as described. The average age was 68.5± 5.4 years old
with 6 females and 4 males. The diagnoses included degenera-
tive spondylolisthesis with concomitant central stenosis (9 cas-
es) and isthmic spondylolisthesis (1 case). The levels involved
included L4–5 (8 cases), L5–S1 (2 cases). The average operation 
time was 151.4± 30.6 minutes. The mean postoperative estimat-

ed blood loss as measured by drain output was 156.6± 74.2 mL 
(Table 1).

Preoperative VAS of back decreased significantly from 6.9±
1.19 to 2.1±1.85 at 6 weeks postoperatively, 1.3±1.57 at 3 months 
postoperatively, and 1.25±0.63 at 6 months after surgery (p<0.05). 
Preoperative VAS of leg decreased significantly from 8.3± 1.16 
to 0.55± 1.57 at 6 weeks postoperatively, 1.6± 1.65 at 3 months 
postoperatively, and 1± 0.94 at 6 months after surgery (p< 0.05). 

Fig. 6. A 63-year-old female presented with low back pain, left lower extremity. Biportal endoscopic transforaminal lumbar in-
terbody fusion with unilateral laminotomy with bilateral decompression using a dual direction expandable titanium cage was
performed with a left sided approach. Preoperative anteriorposterior (AP) (A) and lateral (B) x-ray images showing lower lum-
bar degenerative changes, facet arthropathy and grade 1 L4–5 spondylolisthesis with disc space narrowing. (C) Preoperative axi-
al magnetic resonance imaging image demonstrating L4–5 severe central stenosis, facet and ligamentum hypertrophy. Intraop-
erative AP (D) and lateral (E) fluoroscopy images showed that dual expandable cage is inserted at L4–5 disc space. Intervertebral 
space is expanded after a cage insertion. Pedicle screws were placed with bone cement augmentation. Postoperative AP (F) and 
lateral (G) x-ray images taken 6 months after surgery revealed that the cage expansion was well maintained without subsidence 
or recollapse.

A B C

D E F G

Vol.:(0123456789)1 3

European Spine Journal 
https://doi.org/10.1007/s00586-023-07747-9

ORIGINAL ARTICLE

Enhanced recovery after surgery pathway with modified biportal 
endoscopic transforaminal lumbar interbody fusion using a large 
cage. Comparative study with minimally invasive microscopic 
transforaminal lumbar interbody fusion

Dong Hwa Heo1 · Jae Won Jang2  · Choon Keun Park2

Received: 21 December 2022 / Revised: 20 April 2023 / Accepted: 24 April 2023 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract
Purpose Studies about the clinical efficacy of endoscopic lumbar interbody fusion using an enhanced recovery after surgery 
(ERAS) pathway are insufficient. Thus, the purpose of this study was to investigate clinical usefulness of biportal endoscopic 
transforaminal lumbar interbody fusion (TLIF) using an ERAS compared with microscopic TLIF.
Methods Prospectively collected data were retrospectively analyzed. Patients who received modified biportal endoscopic 
TLIF with ERAS were grouped into an endoscopic TLIF group. Those who received microscopic TLIF without ERAS were 
grouped into a microscopic TLIF group. Clinical and radiologic parameters were compared between two groups. Fusion rate 
was evaluated using sagittal reconstruction images of postoperative computed tomographic (CT) scan.
Results There were 32 patients in the endoscopic TLIF group with ERAS and 41 patients in the microscopic TLIF group 
without ERAS. Visual analog scale (VAS) scores for back pain preoperatively at day one and day two were significantly 
(p < 0.05) higher in the non-ERAS microscopic TLIF group than in the ERAS endoscopic TLIF group. Preoperative Oswestry 
Disability Index were significantly improved at the last follow-up in both groups. The fusion rate at postoperative one year 
was 87.5% in the endoscopic TLIF group and 85.4% in the microscopic TLIF group.
Conclusion Biportal endoscopic TLIF with ERAS pathway may have good aspect to accelerate recovery after surgery. There 
was no inferiority of fusion rate of endoscopic TLIF comparing to microscopic TLIF. Biportal endoscopic TLIF using a large 
cage with ERAS pathway may be a good alternative treatment for lumbar degenerative disease.

Keywords Fusion · Lumbar · Endoscopy · Recovery · Biportal

Introduction

The proportion of the elderly population is increasing with
the improvement of living standards and health care systems.
Degenerative spinal diseases presenting with back pain and
radicular pain are among the most frequently developed dis-
ease entities in the health care system. Recently, the number
of patients with spinal diseases is rapidly increasing with

extended life expectancy, increasing the burden of an indi-
vidual’s life and human society [1]. Initial treatment option
for a degenerative spinal disease is conservative treatment
including bed rest, physiotherapy, pain killer medications,
and pain procedures. Despite various conservative treat-
ment options, some patients who have failed conservative
management require surgical intervention to improve their
quality of life.

Enhance recovery after surgery (ERAS) pathway is a
widely accepted program in various surgical fields such as
cancer surgery, orthopedic surgery, gynecologic surgery,
abdominal surgery, and vascular surgery [2, 3]. Compared
to other departments, the ERAS pathway might not be popu-
lar in the field of spinal surgery [3]. ERAS protocol usually
consists of preoperative, intraoperative, and postoperative
courses [2]. The most important part of ERAS may be the
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