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Objective: Expandable cage technology has emerged for lumbar interbody fusion to restore 
intervertebral disc space height and alignment through a narrow surgical corridor. The pur-
pose of this study is to present the technique of biportal endoscopic transforaminal lumbar 
interbody fusion (TLIF) using dual direction expandable cage and provide early clinical re-
sults.
Methods: We performed the biportal endoscopic TLIF using a dual direction expandable 
titanium cage for height restoration and a larger footprint in 10 patients. Clinical parame-
ters including Oswestry Disability Index (ODI), visual analogue scale (VAS), and complica-
tions were retrospectively analyzed. Also, we investigated radiologic parameters using pre-
operative and postoperative x-ray images.
Results: We successfully inserted dual direction expandable cages during biportal endo-
scopic TLIF. There was no significant subsidence or collapse of the expandable cages during 
the 6-month follow-up period. Lumbar lordosis and disc height were significantly increased 
after surgery. ODI and VAS scores were significantly improved at 6 months after surgery.
Conclusion: In this report, we describe the first use of a dual direction expandable inter-
body TLIF cage that expands in both width and height in biportal endoscopic TLIF surgery. 
Early clinical and radiographic outcomes of this TLIF technique may be favorable in early 
6-month follow-up.
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INTRODUCTION

Minimally invasive transforaminal lumbar interbody fusion 
(MIS-TLIF) has demonstrated comparable clinical outcomes 
and safety profile as compared to open conventional TLIF with 
significant improvement of pain and disability.1,2 More recently, 
endoscopic techniques to perform TLIF surgery have been in-
troduced with similar success as MIS-TLIF, especially with bi-
portal endoscopic techniques.3-8 The biportal endoscopic TLIF 

technique is similar to the MIS-TLIF technique in that the tech-
nique utilizes a posterolateral interlaminar approach, while vi-
sualizing the spinal anatomy with an endoscopic camera.7-9 Thr-
ough the technique, direct decompression of the spinal canal 
can be achieved and interbody fusion can be completed through 
a transforaminal approach. This allows for restoration of inter-
vertebral disc height and reduction of the spondylolisthesis, which 
has demonstrated significant correlation with clinical success.10,11 
The biportal endoscopic technique is less invasive as compared 
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to other MIS techniques with preservation of the lumbar mus-
culoligamentous structures, which may reduce postoperative 
pain and facilitate recovery.5,7,8,12

Expandable cage technology has been developed for inter-
body fusion and has demonstrated the ability to restore inter-
vertebral disc height and correct alignment.13,14 However, sub-
sidence of the vertebral endplates is a significant concern, espe-
cially with point loading of a narrow cage within the center of 
the intervertebral disc space.15,16 A narrow cage is typically uti-
lized for a TLIF approach due to the narrow corridor available 
within the neural foramen to introduce the implant. With sub-
sidence, collapse of disc height, loss of reduction, and malalign-
ment may occur, which can lead to suboptimal clinical outcomes. 
Recently, a novel dual direction expandable titanium TLIF cage 
has been developed that expands both in the medial to lateral 
dimension and in height. The cage can be placed through the 
neural foramen in the narrow, collapsed state. Once in the disc 
space, the medial to lateral expansion increases the surface area 
of endplate bony contact and provides contact with the apophy-
seal rings, which has been shown to be the strongest portion of 
the vertebral endplate.17,18 With these advantages, complete ex-
pansion with this dual expandable cage may lead to less subsid-
ence and restore lumbar lordosis.

The purpose of this study is to present the technique of bipor-
tal endoscopic TLIF utilizing the dual direction expandable ti-
tanium TLIF cage and provide preliminary results.

MATERIALS AND METHODS

1. Patients and Clinical Data Analysis
We enrolled patients who were obtained single level biportal 

endoscopic TLIF using the dual direction expandable TLIF cage 

(Dual-X TLIF, Amplify Surgical, Inc., Irvine, CA, USA) in this 
study (Fig. 1). The design of this study was a retrospective anal-
ysis of prospectively collected data with description of surgical 
technique. After obtaining Institutional Review Board (IRB) 
approval from the hospital where the author was affiliated (IRB 
approval No. CA-TR-1), the investigations was performed. The 
design of this study was a technical report with preliminary 
data. The indications of this TLIF technique included degener-
ative spondylolisthesis, lumbar central stenosis, Lumbar foram-
inal stenosis and isthmic spondylolisthesis. We excluded the re-
vision surgery, infection, trauma, and multilevel disease. Only 
patients who had full clinical and radiographic data for at least 6 
months after surgery were included in the study.

We analyzed clinical data including Oswestry Disability In-
dex (ODI), visual analogue scale (VAS) of back and leg, opera-
tion time, estimated blood loss, and complications. Estimated 
blood loss included postoperative blood drainage amount. We 
obtained lumbar radiographs, including anteriorposterior (AP) 
and lateral x-rays including flexion and extension lateral views 
preoperatively, immediately postoperatively and 6 months after 
surgery. We measured disc height of operative segment (anteri-
or height+posterior height/2), segmental lordotic angle of op-
erative level, and lumbar lordotic angle using preoperative and 
postoperative x-rays. Significant cage subsidence was defined as 
a cage invading the vertebral body by more than 2 mm. Subsid-
ence and collapse of the expandable cages were evaluated by disc 
height measurement.

Since the patient sample was small, nonparametric statistics 
were used. Statistical analysis was performed using Wilcoxon 
signed-rank test, and Kruskal-Wallis test. A p<0.05 was consid-
ered to be statistically significant. R 4.2.2 (R Foundation for Statis-
tical Computing, Vienna, Austria) were used for statistical analysis.

Fig. 1. Pictures of the dual expandable titanium cage in the fully collapsed state and the fully expanded state. Fully collapsed (A), 
width expansion (B), and height expansion (C).
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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.

A B
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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.

A B C D

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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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
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Preoperative ODI significantly improved from 55.2± 9.1 to 32.3 
± 17.3 at 6 weeks postoperatively, 29.1± 15.5 at 3 months post-
operatively, and 26.6± 7.5 at 6 months after surgery (p< 0.05) 
(Table 2). There was one complication with an epidural hema-
toma causing a right ankle dorsiflexion weakness (G 3 of 5) post-
operatively that required evacuation of the epidural hematoma 
on postoperative one day. After epidural hematoma removal, 
ankle weakness recovered well. Otherwise, there were no inci-
dental durotomies, wound infections, implant failures, or medi-
cal complications in this clinical series.

Intervertebral disc height of operation segment was signifi-
cantly widened and well maintained. The mean disc height of 
operation segment was significantly increased from 5.7 ± 2.7 
mm to 13.2± 1.1 mm immediately after surgery, and 12.6± 1.1 
mm at 6 months after surgery (p< 0.05). Also, preoperative seg-
mental lordotic angle and lumbar lordotic angle were signifi-
cantly increased and well maintained at 6 months after surgery 
(p< 0.0.5) (Table 3).

Postoperative radiographs at 6-month follow-up demonstrat-
ed no malposition or instrument failure with the cages or pedi-
cle screws. There were no significant subsidence or recollapse 

of inserted cages.

DISCUSSION

With advancements in cage technology, many types of ex-
pandable cages have been developed for lumbar interbody fu-
sion surgery. However, one of the main issues and criticisms of 
expandable TLIF cages is the point loading of the endplate due 
to the narrow cage geometry and differing modulus of elasticity 
of titanium to bone that may contribute to subsidence.15,16,19 This 
is especially true with osteopenic and osteoporotic bone, which 
is commonly seen in the older patient population that typically 
suffer from lumbar spondylolisthesis and stenosis.

The dual direction expandable titanium TLIF cage is a novel 
implant design that creates a wider footprint after placement 
within the disc space. Since the cage is initially in the collapsed 
and smaller state, it can be introduced endoscopically without 
difficulty. The wider footprint after initial expansion allows for 
greater surface area of vertebral endplate contact, which is ad-
vantageous for both disc height restoration and fusion purpos-
es. The geometry of the cage contacts the anterior and posterior 
apophyseal ring, which is the stronger regions of the vertebral 
endplates, potentially reducing the risk of subsidence. With its 
open architecture, bone graft material such as flowable DBM 
allograft fibers can easily be packed into the cage and disc space 
after insertion of the cage. Alignment correction is achievable 

Table 1. Characteristics of patients

Characteristic Value

Age (yr) 68.5 ± 8.0

Sex, male:female 4:6

Operation segment

   L4–5 8

   L5–S1 2

Diagnosis

   Degenerative spondylolisthesis with central stenosis 9

   Isthmus spondylolisthesis 1

Mean operation time (min) 151.4 ± 30.6

Mean estimated blood loss (mL) 156.6 ± 74.2

Complication, epidural hematoma  1

Values are presented as mean ± standard deviation or number.

Table 2. Clinical results

Variable Preoperative
Postoperative

6 Weeks 3 Months 6 Months 

VAS back* 6.9 ± 1.19 2.1 ± 1.85 1.3 ± 1.57 1.25 ± 0.63

VAS leg* 8.3 ± 1.16 0.55 ± 1.57 1.6 ± 1.65 1.0 ± 0.94

ODI* 55.2 ± 9.1 32.3 ± 17.3 29.1 ± 15.5 26.6 ± 7.5

Values are presented as mean ± standard deviation.
VAS, visual analogue scale; ODI, Oswestry Disability Index.
*p < 0.05.

Table 3. Radiographic results

 Variable Preoperative
Postoperative

Immediate 6 Months

Disc height of operative segment (mm)* 5.7 ± 2.7 13.2 ± 1.1 12.6 ± 1.1

Lordotic angle of operative segment (°)* 17.6 ± 7.7 21.1 ± 6.2 20.3 ± 6.0

Lumbar lordotic angle (°)* 34.3 ± 6.2 41.1 ± 2.6 42.9 ± 4.7

Values are presented as mean ± standard deviation.
*p < 0.05.
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with the various lordosis options available for the cage. When 
performing endoscopic TLIF, it can be difficult for the surgeon 
to insert a standard cage using a small skin incision. In addition, 
neural injury may occur when a large-sized cage is inserted thr-
ough the neural foramen during endoscopic TLIF. However, 
using an expandable cage may make it easier and safer to insert 
the cage in endoscopic TLIF. When inserting a large interbody 
cage in MIS-TLIF or endoscopic TLIF, nerve root injury is a 
concern given the anatomical constraints. On the other hand, 
inserting a cage that is too small can result in fusion failure or 
cage pullout. The dual expandable cage is inserted in a small 
state and expanded to a large state in 2 dimensions within the 
disc space, which can prevent pullout and subsidence from oc-
curring. Therefore, if a dual expandable cage is used in biportal 
endoscopic TLIF, the cage can be safely inserted without dam-
aging the nerve root, and complications associated with cage 
implant failure can be minimized. Although the expandable 
cages have various advantages compared to the static cages, long-
term research is needed. A comparative study using a large co-
hort and long-term follow-up is needed to elucidate the advan-
tages of an expandable cages compared to a static cage.

Biportal endoscopic TLIF combines the advantages of endo-
scopic spine surgery and the enhanced visualization using the 
endoscope with the advantages of MIS-TLIF. Although the ex-
perience is still early with biportal endoscopic TLIF, several stud-
ies have demonstrated the clinical effectiveness and safety of the 
technique, demonstrating the technique is similar in the clinical 
outcomes as compared to MIS-TLIF at 1-year follow-up.3,5,7,8 Our 
early clinical experience of the initial 10 patients with at least 
6-month follow-up demonstrated improvement of both back 
and leg pain as well as disability as compared to the preopera-
tive state with no complications seen on postoperative radio-
graphs. We did experience one case of epidural hematoma that 
necessitated reoperation with evacuation of the hematoma. Epi-
dural hematoma is a known complication of biportal endoscop-
ic TLIF due to more extensive bone work that leads to bony bleed-
ing into a small, contained space within the spinal canal.8 Given 
this, the routine use of postoperative drains is advocated to re-
duce the risk of epidural hematoma in these cases.20

The advantage of the biportal endoscopic TLIF is the mini-
mally invasive nature of the surgery with very small incisions, 
minimal soft tissue trauma, yet without compromise of clinical 
effectiveness. The posterolateral interlaminar approach used in 
biportal endoscopic TLIF is very familiar to spine surgeons, whe-
ther they are trained in open or MIS surgery.4,8 Complete and 
thorough spinal canal decompression can be performed even 

with severe stenosis that is often seen concurrently with spon-
dylolisthesis in these patients. In addition, there is less risk of 
damage to the exiting and traversing nerve roots with the trans-
foraminal approach as long as sufficient space is created with 
the laminotomy, decompression, and facetectomy.8,9 Another 
key advantage is the direct visualization and confirmation of a 
full endplate preparation using the endoscope and instruments 
such as angled curettes and pituitaries used within the disc space 
along with the endoscope. Proper and complete endplate prep-
aration is a crucial step in achieving successful arthrodesis with 
the TLIF technique, whether it be open, MIS, or endoscopic.6,7 
Prior studies have demonstrated that traditional TLIF techniques 
remove suboptimal disc material during the discectomy and 
the endplates may be insufficiently prepared during the proce-
dure.21,22 This may lead to lower fusion rates and worse clinical 
outcomes over the long-term since successful arthrodesis has 
been correlated with clinical success.23 The verification of com-
plete discectomy and endplate preparation with the endoscope 
may contribute to higher fusion rates based on the extent and 
completeness of the preparation. Multiple studies have shown 
that successful clinical outcomes after lumbar fusion are corre-
lated with successful arthrodesis, disc height restoration, and 
alignment correction.24-26

There were several limitations of this study. Since this study 
focused as a novel technical note of biportal endoscopic TLIF 
using the dual direction titanium expandable cage, the number 
of patients was small and follow-up period was short. This study 
is not a comparative study, but a preliminary study that described 
a small case series. Therefore, in order to fully investigate the 
clinical effects of expandable cages in biportal endoscopic TLIF, 
larger, long-term multi-center prospective studies and random-
ized case control studies are necessary.

CONCLUSION

In this study, we introduced the novel technique of inserting 
a dual direction expandable cage with biportal endoscopic TLIF. 
This is the first description of its kind in the scientific literature. 
We successfully performed the insertion of a dual direction ex-
pandable cage in biportal endoscopic TLIF. In the preliminary 
results, the radiographic and clinical outcomes may be favor-
able. All inserted expanded cages were well maintained without 
significant collapse or subsidence in our early experience. Bi-
portal endoscopic TLIF using a dual direction expandable cage 
may be a successful alternative surgical option for treatment of 
lumbar degenerative disease.
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