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Background: Minimally-invasive trans-facet lumbar interbody fusion (LIF) is an emerging technique that
offers the advantages of being safe, enabling decompression, and facilitating patient recovery. An innovative
cage that expands in two dimensions has been introduced to restore segmental lordosis and disc height while
minimizing the risk of cage subsidence. This study aimed to report our surgical technique of trans-facet LIF
utilizing the innovative cag and to report the early clinical outcomes.

Methods: We retrospectively reviewed the medical records and radiographs of patients who underwent
trans-facet LIF with dual-dimension expandable cages from two institutions: Duke University Hospital
and Vail-Summit Orthopaedics and Neurosurgery. The analysis covered patient demographics, Oswestry
Disability Index (ODI), visual analogue scale (VAS) for back pain, surgical data, complications, and
radiographic parameters. Clinical outcomes were compared between pre- and one year post-operation, while
radiographic outcomes were compared between pre- and three months post-operation.

Results: Twenty patients with a mean age of 61.2 years were included. Seventeen patients (85.0%) had
spondylolisthesis, and L4/5 (68.2%) was the most common pathology level. Twelve patients (60.0%)
underwent awake surgery, and the mean operative time was 164.5+36.1 minutes, with an estimated blood loss
of 64.0+39.5 mL and a hospital stay of 1.75+1.2 days. Four patients (20.0%) experienced cage subsidence;
however, none required additional surgery. The VAS score significantly improved from a preoperative
average of 7.3+2.7 to 2.6x1.6 one year post-operation (P=0.02). The ODI score also showed a significant
decrease, from 48.7+22.9 preoperatively to 16.4£11.1 one year postoperatively (P=0.03). Notably, 80% and
83.3% of patients achieved the minimum clinically important difference in VAS and ODI scores, respectively.
The degree of spondylolisthesis was significantly reduced from a median of 5.9 mm preoperatively to 0 mm
postoperatively (P<0.001). Additionally, both anterior and posterior disc heights significantly increased after
surgery, from 9.8+4.7 to 15.1+2.6 mm (anterior) and from 4.9+3.3 to 10.5+2.2 mm (posterior) (P<0.001 for
both). The mean segmental lordosis increased by 2.9 degrees and was associated with cage height (P=0.03),
while spinopelvic parameters remained unchanged.

Conclusions: Minimally-invasive trans-facet LIF with dual-dimension expandable cages demonstrates
a substantial capacity for spondylolisthesis reduction and disc height restoration, and provides good short-
term clinical outcomes. It may be the most appropriate method for deploying this large cage as it allows for
a large, unobstructed pathway to the disc. However, future studies are needed to determine the long-term

outcomes, including the arthrodesis rate.
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Introduction

Minimally invasive transforaminal lumbar interbody fusion
(MI-TLIF) has grown in prominence, with an extensive
body of literature showing its favorable clinical outcomes
over open surgeries (1-3). However, the technique is not
devoid of challenges. There are potential risks of radiculitis
(ranging from 2.8% to 57.1%), screw malposition (0.3—
12.7%), and incidental durotomy (0.3-8.6%) (4,5).

The trans-facet lumbar interbody fusion (trans-facet
LIF) was introduced recently to maintain good patient
outcomes while reducing surgical risks (6). The technique
involves engaging the disc via drilling through both the
superior and inferior articular processes. By leaving the
lateral edge of the superior articular process, spinal lamina,
pars interarticularis, and ligamentum flavum unremoved
as protective barriers, the annulotomy site is safer from

Highlight box

Key findings

® Minimally invasive trans-facet lumbar interbody fusion (LIF)
with dual-dimension expandable cages demonstrates a substantial
capacity for spondylolisthesis reduction and disc height restoration,
and provides good short-term clinical outcomes.

What is known and what is new?

e The standard minimally invasive transforaminal lumbar interbody
fusion (MI-TLIF) technique provides favorable clinical outcomes.
However, it carries potential risks of radiculitis and incidental
durotomy.

® The trans-facet modification of the standard MI-TLIF reduces
the risk of neural injury by preserving the bones and ligamentum
flavum as protective barriers. It also allows for thorough

decompression, leading to good clinical outcomes.

What is the implication, and what should change now?

® The minimally invasive trans-facet LIF demonstrates good clinical
and radiographic outcomes in the short term. This approach may
be the most appropriate for deploying a large cage as it allows for a
safe, large, unobstructed pathway to the disc.
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exiting and traversing nerve roots. Thus, the interbody
fusion procedure can be safely completed. Additionally,
there is an opportunity for direct decompression after
discectomy and interbody fusion, depending on individual
clinical conditions. Khalifeh er a/. (7) reported their case
series comprising 68 patients. They observed improved
patient-reported and radiographic outcomes, including
spondylolisthesis reduction and increased disc height,
foraminal height, and segmental lordosis.

Restoring proper lumbar lordosis according to individual
pelvic incidence (PI) is crucial, as it is associated with good
clinical outcomes (8-10). Compared to traditional static
cages, expandable cages lead to a greater and more sustained
increase in disc height and segmental lordosis, which is
associated with improved patient outcomes (11). Further,
a significant increase in lumbar lordosis has been reported
when applying expandable cages in two-level MI-TLIF (12).
Most of these cages expand in the superior-inferior planes
(one dimension). Due to the small size of the safe triangle
and the limits of neural retraction, the mediolateral
dimensions of these cages are small (8-12 mm). Thus,
these centrally located small cages put pressure against the
relatively weak part of the endplate and increase the risk
of cage subsidence (13,14). This results in less favorable
clinical and radiological outcomes (15). Recently, a novel
dual-dimension expandable cage has been introduced
(DualX, Amplify Surgical, Irvine, CA, USA). Expanding
medial-laterally increases the footprint and pushes the cage-
bone contact area toward the periphery of the endplate;
expanding cranial-caudally restores disc height and sagittal
alignment with properly selected cage lordosis.

In this case series, we report our clinical and surgical
outcomes combining these two important advancements in
minimally-invasive spine surgery: (I) the use of the trans-
facet trajectory to allow for a larger footprint for interbody
fusion and (II) the use of a dual-dimension expandable cage.
We present this article in accordance with the STROBE
reporting checklist (available at https://jss.amegroups.com/
article/view/10.21037/jss-24-29/rc).
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Methods
Study design and participants

We respectively reviewed the medical records and
radiographs for consecutive patients older than 18 years
who underwent minimally-invasive trans-facet LIF with
dual-dimension expandable cages. The patients were
sourced from Duke University Hospital and Vail-Summit
Orthopaedics and Neurosurgery and were treated between
February 1, 2022 and July 15, 2023. Inclusion criteria
were as follows: (I) spondylolisthesis within Meyerding
grade II with segmental instability; (II) disc degeneration
disease with segmental instability; (III) significant neural
element compression requiring extensive decompression,
with anticipated iatrogenic instability post-decompression.
Patients with pronounced spinal deformities leading to
sagittal imbalance or scoliosis, tumors, spine infections,
trauma, or those who were lost to follow-up were excluded.

Finally, 20 patients were enrolled in this study. Nine
were males and 11 were females, with a mean age of
61.2+14.3 years. All patients received subjective outcome
measures, followed by standing plain radiography of the
whole spine and lumbosacral spine. The clinical outcomes
and radiographic measurements were compared between
pre- and post-operation at three months.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Institutional Review Board of Duke
University Hospital (approval number: Pro00100250) and
individual consent for this retrospective analysis was waived.
Vail-Summit Orthopaedics and Neurosurgery was also
informed and agreed the study.

Clinical and radiographic outcome measures

We recorded patient demographics and surgical details such
as operative time, estimated blood loss, length of hospital
stay, and perioperative complications. All patients were
instructed to indicate their pain in the back using a 10-point
visual analogue scale (VAS). The Oswestry Disability Index
(ODI) was adopted for a more comprehensive survey of
clinical symptoms and physical function. Scores in each
category were calculated separately and then converted to
percentile. The patient-reported outcomes were collected
before the operation, at a three-month postoperative
follow-up, and during a phone interview one year after the
operation. The minimum clinically important differences
(MCID) were set at 1.2 points for back pain and 12.8 points

© AME Publishing Company.
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for ODI, based on the study of Copay et al. (16).

Radiographic measurements, taken before the surgery
and three months post-operation, included anterior and
posterior disc space heights, segmental lordosis, and the
extent of spondylolisthesis. These were measured from
standing anterior-posterior (AP) and lateral views of the
lumbosacral spine. Additionally, spinopelvic parameters,
including lumbar lordosis, PI, and pelvic tilt (PT), were
gauged from full-length standing radiographs. Cage
subsidence, defined as a cage protruding more than 2 mm
into the vertebral body on standing lateral radiographs,
was classified into mild (2-4 mm) or severe (>4 mm) (17).
Subsidence appearing in image studies taken during
postoperative admission was termed “early”, while that
discovered in follow-up radiographs post six-week operation
was termed “late” (18). All radiographic parameters were
measured by an experienced spine surgeon, and the mean of
three repeated measurements was reported.

Surgical procedure

Under general or awake spinal anesthesia, patients were
positioned prone on a Jackson table, arms abducted to less
than 90 degrees. Electromyography (EMG) monitoring
electrodes were placed on both lower extremities. A
paramedian skin incision was made bilaterally, spanning
between the pedicles of the target levels along the lateral
pedicle line. Using the Wiltse approach, the plane between
the multifidus and longissimus muscles was exposed,
revealing the facet joint’s lateral aspect. Percutaneous
trans-pedicle screws were placed under the guidance of
the TrackX fluoroscopy-based real-time 2D instrument
tracking system (TrackX Technology, Hillsborough, NC,
USA) or 3D neuronavigation (StealthStation S8 Surgical
Navigation System, Minneapolis, MN, USA). Then, a guide
pin was inserted to the targeted facet joint with the docking
point and convergence angle planned preoperatively.
Serial soft tissue dilators were introduced, followed by a
tubular retractor. An operative microscope aided in bony
drilling with a high-speed burr. Specific bony portions were
removed or retained to protect critical elements. Medially,
part of the inferior articular process of the cranial vertebra
was removed, leaving the spinal lamina and ligamentum
flavum to protect the dura sac and transversing nerve root;
laterally, the lateral part of the superior articular process of
the caudal vertebra was marked and preserved as the safe
barrier to the exiting nerve root. The cranial and caudal
edge of the bony resection was determined by lateral
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Figure 1 Intraoperative microscopic view of the trans-facet corridor in a right-sided approach. (A) The view after soft tissue dissection

revealing the facet joint line (dashed blue line), where the drilling is centered, with the IAP medially and the SAP laterally. (B)

Demonstration of the anticipated orientation of the exiting nerve root (yellow cylinder) and the thecal sac and traversing nerve root (green

cylinder), both covered by bone throughout the approach. (C) The view after adequate facetectomy and discectomy have been accomplished,

with the safe area (blue circle) as the working channel needed. (D) The sufficiency of the channel for advancing the trials and cage afterward.

TAP, inferior articular process; SAP, superior articular process.

fluoroscopy. The bony drilling was deepened to expose the
annulus, after which the disc materials were removed. A
DaulX dual-expanding cage (Amplify Surgical, Irvine, CA,
USA) was placed into the disc space and then expanded
to the aimed height and width (Figure I). The height
and lordosis were determined by both the preoperative
imaging to achieve proper spinopelvic alignment and the
intraoperative soft tissue tension. The final height could
be as large as 17 mm at various degrees of lordosis, and the
cage also expended laterally to maximize the footprint, with
the maximum mediolateral expansion being 21 mm. Using
a specially designed bone grafting delivery device, we filled
the space inside and surrounding the cage with autogenous
bone graft and DBX demineralized bone matrix (DePuy
Synthes, Warsaw, IN, USA).

Then, the tubular retractor was moved backward and
turned medially toward the spinal lamina. Decompression
for the spinal canal and/or lateral recess was performed if

© AME Publishing Company.

there was evident neural compression in the preoperative
imaging and the patient had corresponding symptoms.
After a final EMG check and surgical wound irrigation,
meticulous hemostasis was performed and the wound was

closed in layers (Figure 2).

Statistical analysis

Statistical analyses were carried out using IBM SPSS
Statistics for Windows, version 19.0 (IBM Corp.,
Armonk, NY, USA). The chi-square test was employed for
categorical variables. For continuous variables, the data’s
normality was checked using the Kolmogorov-Smirnov test.
The Student’s #-test and Mann-Whitney U test were applied
for parametric and nonparametric analyses between baseline
and postoperative radiographic parameters, respectively.
Repeated-measures one-way analysis of variance (ANOVA)
with Bonferroni post-hoc test was performed to analyze
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Figure 2 Case illustration. The 55-year-old lady presented with persistent low back and right leg pain despite receiving physical therapy

and pain interventions. (A,B) Magnetic resonance imaging demonstrated spondylolisthesis at L4/5 with facet arthrosis and a facet cyst at

the right side, causing compression to the right L5 nerve root. (C,D) Flexion and extension radiographs showed 1.4/5 segmental instability

with decreased disc height, while whole spine radiographs (E,F) revealed balanced global alignment. (G,H) She received a trans-facet lumbar

interbody fusion at L.4/5, and her back and right leg pain improved. Radiographs three months post-surgery showed a good spondylolisthesis

reduction, restored disc height, and proper implant position.

the change in surgical outcomes. The bivariate Pearson
correlation analysis followed by a multiple regression
analysis was conducted to determine the factors associated
with the increase in segmental lordosis post-surgery. A P
value of less than 0.05 was considered significant.

© AME Publishing Company.

Results
Patient demographics

Twenty patients, consisting of 9 males and 11 females, were
included in the study. The mean age was 61.2+14.3 years,
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Table 1 Summary of patients
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Patient # Age (years) Sex BMI (kg/m®) Anesthesia Pathology level Diagnosis

1 70 M 22.4 General L4/5 Recurrent left L4/5 facet cyst and spinal stenosis

2 44 M 29.0 General L4/5 and L5/S1  Grade | spondylolisthesis, L4/5; degenerated disc
disease, L5/S1

3 87 M 31.8 Awake L4/5 Grade | spondylolisthesis, L4/5; spinal stenosis, L2-L5

4 55 F 36.8 Awake L4/5 Grade | spondylolisthesis, L4/5; facet cyst, right L4/5

5 79 F 37.5 Awake L3/4 Grade | spondylolisthesis, L3/4; facet cyst, left L3/4

6 70 F 24.2 General L4/5 Grade | spondylolisthesis, L4/5; spinal stenosis

7 36 M 27.8 General L4/5 Grade Il spondylolisthesis, L4/5; spinal stenosis

8 44 F 28.8 Awake L5/S1 Recurrent HIVD, L5/S1

9 67 M 24.8 General L3/4 and L4/5  Postlaminectomy kyphosis, retrolisthesis, L3/4; grade |
spondylolisthesis, L4/5

10 54 F 19.2 Awake L4/5 Grade | spondylolisthesis, L4/5; spinal stenosis

11 46 F 26.6 Awake L4/5 Grade | spondylolisthesis, L4/5; facet cyst, left L4/5

12 68 F 23.5 Awake L4/5 Grade | spondylolisthesis, L4/5; spinal stenosis

13 81 M 20.8 Awake L4/5 Grade | spondylolisthesis, L4/5; facet cyst, right L4/5

14 62 F 25.0 General L4/5 Grade | spondylolisthesis, L4/5; spinal stenosis

15 72 F 24.0 General L4/5 Grade Il spondylolisthesis, L4/5; spinal stenosis

16 65 M 27.6 Awake L4/5 Grade | spondylolisthesis, L4/5; spinal stenosis

17 56 M 24.4 Awake L5/81 Grade | spondylolisthesis, L5/S1; spinal stenosis

18 66 M 29.4 Awake L4/5 Grade | spondylolisthesis, L4/5; spinal stenosis

19 63 F 25.0 General L5/S1 Grade | spondylolisthesis, L5/S1; spinal stenosis

20 38 F 20.4 Awake L5/S1 Spondylolytic spondylolisthesis, L5/S1, with instability

Total, mean (SD) 61.2 (14.3) - 26.5 (4.9) - - -

BMI, body mass index; F, female; HIVD, herniated intervertebral disc; M, male; SD, standard deviation.

and the mean body mass index was 26.5+4.9 (Tuble 1).
Seventeen patients (85.0%) had spondylolisthesis, with 15
patients having grade I spondylolisthesis and the remaining
two patients having grade II spondylolisthesis. Two patients
underwent a two-level fusion surgery, while the rest had a
single-level surgery (1able 1). Therefore, a total of 22 levels
were included in the analysis. L4/5 was the most frequently
involved level, accounting for 68.2% of all cases, followed
by L5/S1 (22.7%) and L3/4 (9.1%, Table 2). All patients
underwent unilateral laminotomy for ipsilateral or bilateral
decompression due to either a facet cyst or spinal canal
stenosis after the trans-facet LIF procedure.

© AME Publishing Company.

Operative data

Twelve patients (60.0%) underwent awake surgery, with
a mean operative time of 164.5£36.1 minutes and an
estimated blood loss of 64.0+39.5 mL. The mean length of
hospital stay for all patients was 1.75=1.2 days (Table 3). Two
complications (10%) were recorded: an incidental durotomy
occurred while trying to release the dura from adhesive
scar tissue in a patient who had undergone decompression
surgery twice. This happened after the placement of
the cage and thus was not a complication due to cage

placement. We repaired the durotomy site, and the patient
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Table 2 Patient demographics

Variables Values
Patient 20 (100.0)
Age (years) 61.2+14.3
Sex

Male 9

Female 11
BMI (kg/m?) 26.5+4.9
Operative level

L3/L4 2(9.1)

L4/L5 15 (68.2)

L5/S1 5(22.7)

Data are expressed as n, n (%) or mean + standard deviation.
BMI, body mass index.

Table 3 Hospitalization and operative data

Variables Values
Patient 20 (100.0)
Awake surgery 12 (60.0)
Operative time' (min) 164.5+36.1
Estimated blood loss' (mL) 64.0+39.5

Cage lordotic angle (4/8/12 degrees) 7 (31.8)/14 (63.6)/1 (4.5)

Length of hospital stay (days) 1.75+1.2
Complication
Incidental durotomy 1(5.0)
Pedicle screw misplacement 1(5.0)

Cage subsidence

Early/late subsidence, mild 2 (10.0)/2 (10.0)

Data are expressed as n (%) or mean + standard deviation. ', for
one-level surgery.

Table 4 Patient-reported outcomes

409

experienced no neurological sequelae. One pedicle screw
misplacement was identified in another patient, leading to
leg pain. The screw was revised in a subsequent surgery,
and the leg pain resolved. There were no instances of neural
element damage, postoperative hematoma, or infection.

Four patients (20%) had cage subsidence ranging from
2 to 4 mm, categorized as mild. Radiographs taken on
postoperative day 1 revealed cage subsidence in two of these
patients, presumably related to intraoperative endplate
injury. The other two patients showed cage subsidence at
the 6-week postoperative mark, with no further sinking
observed at the final follow-up (7able 3). None of the
patients required a revision surgery.

Clinical outcomes and radiographic parameters

The mean back pain VAS score before surgery was 7.3£2.7,
which significantly decreased to 2.9+2.0 (P<0.001) and
2.6x1.6 (P=0.02) at postoperative three months and
one year, respectively. The ODI also showed significant
improvement, decreasing from 48.7+22.9 pre-operation
to 17.8+10.0 three months post-operation (P<0.001) and
16.4+11.1 one-year post-operation (P=0.03; Table 4).
One year after surgery, 80% of patients reached the
MCID in the VAS score, and 83.3% passed the MCID
in the ODI score. The radiographic parameters indicated
that the median spondylolisthesis slippage was initially
5.9 mm with an interquartile range (IQR) of 5.0 to 10.3 mm,
and significantly reduced to 0 mm (IQR, 0-3 mm) post-
surgery (P<0.001). The anterior and posterior disc heights
were initially 9.8+4.7 and 4.9+3.3 mm, respectively, and
they significantly increased to 15.1£2.6 and 10.5+2.2 mm
post-surgery (P<0.001 for both anterior and posterior disc
heights; Tuble 5, Figure 3).

Regarding spinopelvic parameters, there were no
significant changes in PI, lumbar lordosis, and PT three

Surgical outcomes (n=20) Baseline Post-op 3m Post-op 1y P value'
Visual analogue scale 7.3+2.7 2.9+2.0 2.6+1.6 0.01
Oswestry disability index 48.7+22.9 17.8+10.0 16.4+11.1 0.01

Data are expressed as mean + standard deviation. T, repeated-measures one-way analysis of variance. Post-op, postoperative; 3m, 3

months; 1y, 1 year.

© AME Publishing Company.
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Table 5 Radiographic outcomes
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Radiologic parameters (n=20) Baseline Post-op 3m P value
Spondylolisthesis (mm) 5.9 (56.0-10.3) 0(0-3) <0.001
Anterior disc height (mm) 9.8+4.7 15.1£2.6 <0.001
Posterior disc height (mm) 4.9+3.3 10.5+2.2 <0.001
Pelvic incidence (degree) 57.8+9.1 59.7+11.6 0.13
Lumbar lordosis (degree) 53.8+13.9 53.5+14.1 0.87
Pelvic tilt (degree) 22.7+5.9 24.5+6.8 0.11
Pl minus LL (degree) 1.75 (-1.2to 12.5) 6.8 (5-12.1) 0.14

Data are expressed as mean + standard deviation or median (interquartile range). LL, lumbar lordosis; Pl, pelvic incidence; Post-op,

postoperative; 3m, 3 months.

Radiographic outcomes

80

70

Spondylolisthesis Anterior disc height Posterior disc height Pelvic incidence
(degree)

(mm) (mm) (mm)
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(degree)

Pelvic tilt
(degree)

Lumbar lordosis
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Figure 3 Radiographic outcomes comparing baseline and three months post-operation revealed a significant reduction in spondylolisthesis

and restored disc height, while no significant changes were found in spinopelvic parameters. ***, P<0.001. LL, lumbar lordosis; PI, pelvic

incidence; PO 3m, 3 months postoperative.

months post-surgery (P>0.05). Additionally, the median
value of PI minus lumbar lordosis was initially 1.75 degrees
(IQR, -1.2 to 12.5 degrees) and changed to 6.8 degrees
(IQR, 5-12.1 degrees) three months post-surgery, showing
no significant changes (P=0.14; Table 5, Figure 3).

The segmental lordosis increased by 2.9 degrees after
the surgery. A bivariate correlation analysis was first applied
to correlate preoperative radiographic factors and implant
characteristics to the increase in segmental lordosis.
Significant correlations were found between the increase of
segmental lordosis and both cage height and cage lordotic
angle, with correlation coefficients of 0.53 (P=0.01) and 0.51

© AME Publishing Company.

(P=0.02), respectively (1able 6). However, a further multiple
regression analysis identified only cage height as the
independent factor influencing the increase of segmental
lordosis, with a B coefficient of 0.53 (P=0.03; Tuble 6).

Discussion
Key findings

In this multi-institutional study, we reported our
preliminary results of minimally-invasive trans-facet
LIF using a novel dual-dimension expandable cage. The
combination of these two advancements was associated
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Table 6 Factors correlated with increase in segmental lordosis
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Increase in segmental lordosis Correlation coefficient' P value' B coefficient! P value*
Cage height 0.53 0.01 0.53 0.03
Cage lordotic angle 0.51 0.02 0.31 0.27

', bivariate Pearson correlation; *, multiple regression analysis.

with good short-term clinical outcomes and a significant
capacity for spondylolisthesis reduction, disc height
restoration, and increase in segmental lordosis. There were
no complications regarding nerve root injury or incidental
durotomy associated with the trans-facet approach. The
procedure provided a safe and sufficiently large corridor to
the intervertebral disc and thus facilitated deploying large
cages.

Strengtbs and limitations

The primary advantages of the trans-facet approach include
minimizing neural injury risks by preserving the natural
anatomical barriers and providing a significantly larger
safe zone for accessing the intervertebral disc compared
to the traditional TLIF and trans-Kambin approach.
These features render the trans-facet TLIF the most
suitable approach to implementing the newly introduced
dual-dimension expandable cage, which has a width of
12 mm before medial-lateral expansion. The medial-
lateral expansion mechanism enlarges the cage footprint
and optimizes the ability to restore disc height safely.
Nevertheless, as both the trans-facet approach and the dual-
dimension expandable cages are recent advancements, and
it may be risky to deploy this large cage with traditional
TLIF or trans-Kambin approach, our study is limited by
its relatively small sample size and the absence of a control
group for surgical techniques or implant choices. This poses
challenges in distinguishing the individual contributions of
the trans-facet approach and the innovative implants to the
favorable clinical outcomes.

Our study, which highlighted several beneficial outcomes
of minimally invasive trans-facet LIF with dual-expandable
cages, has limitations. First, this retrospective study
originated from two experienced minimally-invasive spine
surgeons, so one should exercise caution when generalizing
the results. Outcomes might vary depending on a surgeon’s
experience with minimally-invasive surgery, clinical
judgment, and implant choices. Second, the follow-up
period was relatively short, with clinical outcomes evaluated

© AME Publishing Company.

at one year and radiographic parameters measured at three
months, making it challenging to determine the fusion
rate. Third, compared to static cages, the expandable
cages may provide greater improvement in radiographic
measurements, such as anterior disc height, posterior disc
height, and segmental lordosis. However, these improved
radiographic outcomes do not necessarily translate to better
patient-reported outcomes (19,20). Therefore, despite our
report showing good clinical and radiographic outcomes,
it remains inconclusive whether the added costs of dual-
dimension expandable cages compared to static or single-
dimension expandable cages are justified and provide
sufficient benefit. Future large-scale studies with well-
defined comparative groups and extended follow-ups may
be necessary to thoroughly explore the benefits of the trans-
facet approach and the novel dual-dimension expandable
cage.

Explanations of findings

Awake spine surgery utilizes spinal, epidural, or combined
anesthesia techniques, circumventing complications
from general anesthesia. Numerous benefits of
awake spine surgery have been established, including
enhanced intraoperative hemodynamic stability, reduced
intraoperative blood loss, diminished early postoperative
nausea and vomiting, decreased postoperative urinary
retention, lower early pain scores, and shorter hospital stays
(21-24). Sixty percent of our patients underwent minimally-
invasive trans-facet LIF with spinal anesthesia and erector
spinae plane block. None experienced complications
related to general anesthesia, such as postoperative nausea,
vomiting, or cognitive dysfunction.

Complications like incidental durotomy and radiculitis
are not uncommon with MI-TLIF (4,5,25). To reduce
the risk of neural injury, we minimized the duration that
the neural structure is exposed by using trans-facet LIF.
By preserving the spinal lamina and ligamentum flavum,
exposure of the dural sac and traversing nerve root is
avoided during the interbody fusion procedure, which
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reduces the risk of injury. Additionally, the preservation of
the lateral edge of the superior articular process and pars
interarticularis safeguards the exiting nerve root with bone
structures. Using these natural anatomical barriers, trans-
facet LIF offers decreased risks of neural injury (7). In our
series, no neural structure damage occurred during the
fusion procedure. The only durotomy occurred during
decompression after a smooth interbody fusion, arising
as we attempted to separate the dura from adhesive scar
tissue from a prior facet cyst resection, and thus was not
considered as a complication related to cage placement.
Restate, trans-facet LIF is a procedure with minimal risks of
neural injury.

A sufficiently large safe corridor is pivotal for cage
deployment. With the TLIF technique, the safe zone was
reported to measure 1.15 em® at L1/L2 to 1.26 cm’ at
L5/S1 (26). This space is restrictive for introducing a
large cage. Efforts to enlarge this space often necessitate
retracting the dural sac and traversing the root medially,
potentially risking traction injury to the neural structure.
Furthermore, cage introduction might lead to incidental
durotomy due to proximity to medial neural structures.
Some surgeons use the trans-Kambin approach to access
the disc space (27). However, this anatomic corridor might
be even smaller, measuring approximately 53.81 mm® at L1/
L2 to 115.84 mm” at L4/L5 (28). Even with foraminoplasty
to secure a larger safe zone, nerve root injury remains a
concern due to its proximity to the exiting nerve root (29).
Furthermore, pathologies like spondylolisthesis can further
reduce the safe area (30). The trans-facet approach accesses
the disc space through a corridor between traditional
TLIF and the trans-Kambin approach, and a recent
study showed that both the safe area and the maximum
permissible cannula diameter for the trans-facet approach
were significantly larger than the trans-Kambin approach
and traditional safe triangles (31). Despite the inherent
advantage, comprehensive imaging studies, meticulous
preoperative planning on trajectory, and even nerve
segmentation in magnetic resonance images are vital for
safely performing trans-facet LIF (30).

Although there was no significant change in overall
lumbar lordosis and spinopelvic parameters at the one-year
follow-up, we observed a 2.9-degree increase in segmental
lordosis, with 77.3% of patients having a more lordotic
segmental angle postoperatively. Liu e 2/. documented an
overall increase in segmental lordosis by 1.88 degrees with
lordosing TLIFs in approximately 57% of their patients,
using a mix of static and expandable cages (32). Ledesma
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et al. reported a more significant increase in segmental
lordosis of 2.45 degrees with single-dimension expandable
cages, compared to a 0.86-degree increase with static ones at
the one-year follow-up (19). Meta-analysis presents varied
perspectives on whether expandable cages result in a more
significant increase in segmental lordosis. Alvi et /. found
a significant correlation (33), while Lin et 4/. did not (34).
Several factors, such as expandable cages, cage position, and
cage lordotic angle, have been proposed to be associated
with an increase in segmental lordosis (19,35,36), and in our
study, we found that the increase in segmental lordosis was
associated with the final height of the cage rather than its
lordotic angle. Despite debates on the contributing factors
of an increased segmental lordosis, the restored segmental
lordosis correlates with favorable clinical outcomes (11) and
is reported as a protective factor against adjacent segment
degeneration (37).

While expandable cages have shown promising
results, cage subsidence remains a potential complication.
Introducing and expanding the cage at the center of the
endplate places increased pressure on it, which might lead
to endplate injury and subsequent cage subsidence. The
rate of cage subsidence ranges from 5.4% to 25% with
single-dimension expandable cages (19,38,39), compared
to 6% to 22.4% with static cages (19,38,40). Alvi er al.
performed a meta-analysis assessing the difference between
single-dimension expandable and static cages and found no
significant difference in subsidence rate (33). To increase
the footprint and reduce the risk of cage subsidence, novel
dual-dimension expandable cages were recently introduced.
With medial-lateral expansion, it moves the cage-endplate
interface toward a stronger periphery of the endplate
(14,41,42). These cages mimic the biomechanics of anterior
or lateral approaches and can be deployed with TLIF,
eliminating the need for position shifts and risks associated
with anterior/lateral approaches, such as injuries to visceral
organs, vessels, or the lumbosacral plexus. With cranial-
caudal expansion and selected lordotic angle, disc height
and segmental lordosis can be restored, further providing
indirect decompression for the neural elements and good
spinal alignment. Although dual-dimension expandable
cages potentially decrease the risk of subsidence, there
are currently no reports directly comparing these cages to
static or single-dimension expandable cages. Park and Heo
reported no cage subsidence events in their series using
the same dual-dimension expandable cage with a biportal
endoscopic TLIF technique (43). Our study recorded mild
early cage subsidence in two patients (10%), possibly linked
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to intraoperative endplate injuries. Another two patients
(10%) exhibited mild/late cage subsidence. However,
no progressive subsidence was noted, and overall good
outcomes were reported. Careful preoperative planning and
meticulous intraoperative techniques, combined with the
larger footprint and optimal lordotic angle from the novel
dual-dimension expandable cage, result in positive clinical
outcomes.

Conclusions

Minimally-invasive trans-facet LIF with dual-dimension
expandable cages demonstrates a substantial capacity for
spondylolisthesis reduction and disc height restoration, and
provides good short-term clinical outcomes. It may be the
most appropriate for deploying this large cage as it allows
for a large, unobstructed pathway to the disc. However,
future studies are needed to determine the long-term
outcomes, including the arthrodesis rate.
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