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A B S T R A C T

Background: While traditional open fusions yield high fusion rates, they can result in significant muscle damage. 
Biportal Endoscopic Lumbar Interbody Fusion (BELIF) has emerged. This study compares clinical and radio
logical outcomes of BELIF using three different interbody cage strategies.
Methods: This retrospective cohort study included 106 consecutive patients undergoing single-segment BELIF for 
lumbar degenerative disease. Patients were divided into three groups based on cage strategy: Group A (n = 34, 
two 28 × 10 mm Titanium cages), Group B (n = 32, single 40 × 15 mm PEEK cage), and Group C (n = 40, single 
32 × 10 mm PEEK cage). Clinical outcomes and radiological outcomes were assessed preoperatively and at final 
follow-up.
Results: All groups showed significant improvements in VAS and ODI scores, with no significant intergroup 
differences in final scores. Group B had the longest operative time (p < 0.001). No major neurological compli
cations occurred. While sagittal parameters improved within groups, there were no significant intergroup dif
ferences in the degree of correction. Fusion rates differed significantly at 6 and 12 months (Groups A & B >
Group C) but were not significantly different at final follow-up (p = 0.845). The incidence of subsidence was 
significantly higher in Group C (15.0%) compared to Group A (5.9%) and Group B (6.3%) (p = 0.035)
Conclusion: BELIF provide satisfactory clinical outcomes regardless of the cage strategy. However, cage size and 
potentially material significantly influenced early fusion rates and subsidence. Cages with larger footprints 
demonstrated superior early fusion, whereas the smallest footprint cage was associated with a significantly 
higher subsidence rate.

1. Introduction

Degenerative lumbar disease is a major cause of low back pain and 
functional disability worldwide. For patients who do not respond to 
conservative treatment or present with neurological deficits and 
segmental instability, lumbar fusion is the typical surgical recommen
dation.1 Traditional techniques include segmental fixation without 
interbody application; however, to increase fusion rates, surgeons have 
implemented open posterior lumbar interbody fusion and trans
foraminal interbody fusion.1 However, these approaches are associated 
with significant drawbacks due to their extensive collateral damage to 
the normal musculature resulting in high estimated blood loss, pro
longed recovery time, and increased postoperative pain.2

Minimally Invasive Transforaminal Lumbar Interbody Fusion (MI- 

TLIF) was introduced to mitigate these soft-tissue complications. 
Nonetheless, MI-TLIF, often utilizing tubular retractors, presented lim
itations such as a narrow working corridor and restricted visual
ization.3–5 Recently, the Unilateral biportal endoscopic(UBE) technique 
has advanced in the field of spinal surgery. Unlike conventional uni
portal endoscopic surgery, UBE utilizes independent portals for the 
endoscope (viewing) and surgical instruments (working). These two 
independent portals allow for continuous fluid irrigation and free 
movement of the surgical view and instruments, enabling surgeons to 
perform procedures with a relatively short learning curve.6,7 UBE 
techniques have been reported to provide clinical outcomes comparable 
to microscopic surgery while offering several advantages, including 
reduced postoperative pain, facilitated early rehabilitation, minimized 
muscle injury, decreased intraoperative blood loss, and shortened 
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hospital stays.8,9 These advantages of the UBE technique have been 
applied to lumbar interbody fusion, leading to the development of 
Biportal Endoscopic Lumbar Interbody Fusion (BELIF).

In successful lumbar interbody fusion, the interbody cage plays a 
crucial role in providing structural support until fusion occurs. However, 
cage subsidence is a common complication that can lead to loss of in
direct decompression, nonunion, and need for revision surgery. Various 
factors influence cage subsidence, including bone mineral density, 
endplate preparation, cage size and footprint, and cage material (PEEK 
vs. Titanium).10,11 Therefore, utilizing a cage with a larger footprint to 
distribute the load onto the stronger peripheral endplate can potential 
decrease the risk for subsidence. While various cage strategies (size, 
number, material) are being explored in BELIF, there is a lack of research 
directly comparing three different types of cages to analyze their impact 
on clinical and radiological outcomes, particularly fusion and subsi
dence rates. Therefore, the purpose of this study is to compare the 
postoperative clinical and radiological outcomes (sagittal balance, 
fusion rate and subsidence rate) in patients who underwent BETLIF 
using three distinct interbody cages, two small titanium cages, one large 
PEEK cage, and one small PEEK cage.

2. Material and method

2.1. Study design and patient population

A retrospective cohort study was performed on 106 consecutive 
patients treated with single-segment biportal endoscopic lumbar inter
body fusion (BELIF) for lumbar degenerative disease. All procedures 
were conducted at a single center from January 2018 to June 2023. All 
patients provided written informed consent, and the study was approved 
by the Institutional Review Board with approval 2025-10-009. Only 
patients who presented with intractable claudication and/or neurolog
ical symptoms persisting for at least three months were included. All 
patients had pathology confined to a single segment. All patients were 
followed a minimum of 2 years. The exclusion criteria included patients 
with evidence of active spinal infection or tumor, as well as those with a 
history of previous spinal instrumentation at the index level.

Patients were divided into three groups based on the interbody cage 
strategy utilized. Patients who underwent BELIF with two 28 × 10 mm 
Titanium cages were in Group A (n = 34). Patients who received a single 
40 × 15 mm PEEK cage (n = 32) were in Group B. Lastly, patients who 
had a small 32 mm length x 10 mm width PEEK cage were in Group C (n 
= 40).

Clinical parameters were evaluated pre-operatively, and at the final 
follow-up examination. These assessments included the Visual Analog 
Scale (VAS) for leg and back pain and the Oswestry Disability Index 
(ODI) score. Additionally, perioperative data, including operative time 
and time to ambulation, were obtained. Patients underwent radiological 
evaluation at 6-month intervals. These assessments consisted of standing 
whole-spine anteroposterior (AP) and lateral plain radiographs, as well 
as computed tomography (CT) scans of the lumbar spine. Fusion status 
was assessed according to the Bridwell Interbody Fusion Grading Sys
tem. Successful fusion was defined as Bridwell grades I or II. The inci
dence and severity of cage subsidence were assessed using the Marchi 
classification system on computed tomography (CT) scans.12 Sagittal 
alignment parameters, including lumbar lordosis (LL), sacral slope (SS), 
pelvic tilt (PT), C7-S1 Sagittal Vertical Axis (SVA), segmental lordosis of 
the index level, and the pelvic incidence-lumbar lordosis (PI-LL) 
mismatch, were assessed pre-operatively and final follow up 
postoperatively.

2.2. Operation technique

BELIF technique has been previously described.13 In brief, the pa
tient was placed in a prone position with the abdomen free to preserve 
neutral lumbar lordosis. Continuous gravity-flow irrigation was 

maintained using a normal saline bag suspended 1.7 m above floor level, 
obviating the need for an infusion pump. Incision sites were planned and 
marked under true anteroposterior (AP) fluoroscopic guidance. Subse
quently, two 2-cm transverse skin incisions were created to facilitate the 
triangulation technique. Decompression commenced with a lam
inectomy, initiated by a high-speed burr and completed with a Kerrison 
rongeur to remove the lamina and underlying ligamentum flavum. A 
chisel or osteotome was employed for the ipsilateral facetectomy to 
harvest local autologous bone graft, which was set aside for interbody 
fusion. Sublaminar contralateral decompression was performed only as 
necessary to ensure adequate release of the neural elements. After 
decompression was finished, attention was directed to the disc prepa
ration. The disc material was meticulously excised under 
high-magnification endoscopic visualization. Finally, serial tapered tri
als were inserted to confirm the optimal intervertebral height and tra
jectory for cage implantation. A funnel was introduced into the anterior 
disc space under fluoroscopic guidance, facilitating the targeted delivery 
of the locally harvested autograft and demineralized bone matrix. Sub
sequently, the interbody cage was inserted via the working portal 
eliminating the need for supplementary incisions. The interbody cages 
utilized were specific to each group: Group A: Two 28 mm (length) x 10 
mm (width) Titanium cages (Adaptix™, Medtronics, USA). Group B: A 
single 40 mm (length) x 15 mm (width) cage (Voyage™, Endovision, 
Korea). Group C: A single 32 mm (length) x 10 mm (width) PEEK cage 
(Capstone™, Medtronics, USA) (Fig. 1). After satisfactory cage position 
was confirmed fluoroscopically, hemostasis was meticulously conducted 
to mitigate the risk of postoperative epidural hematoma. Ipsilateral 
percutaneous pedicle screw fixation was performed utilizing the estab
lished viewing and working portals. For contralateral fixation, incisions 
similar to the ipsilateral portals were made. A drain was inserted into the 
epidural space before final wound closure (Fig. 2).

2.3. Statistical analysis

All statistical analyses were conducted using the Statistical Package 
for the Social Sciences (SPSS) version 22.0 (SPSS Inc., Chicago, IL, USA). 
Continuous variables are presented as mean standard deviation (SD). 
Categorical variables were analyzed using the chi-squared test. The 
paired t-test was utilized for pre- and post-operative comparisons within 
groups, while one-way analysis of variance (ANOVA) was used for 
intergroup comparisons. A p-value <0.05 was considered statistically 
significant.

3. Result

3.1. Demographics

A total of 106 consecutive patients were included in the final anal
ysis, comprising 34 patients in Group A, 32 patients in Group B, and 40 
patients in Group C. The three groups were found to be comparable in 
terms of mean age and sex distribution. The ratio of primary to revision 
cases was 10:24 in Group A, 17:15 in Group B, and 25:15 in Group C. 
There was a statistically significant difference in the distribution of 
primary versus revision cases among the three groups as Group C had a 
higher proportion of primary cases and Group A had more revisions (p =
0.009). The follow-up period was different for Group A, Group B, and 
Group C, but at least 2 year minimum follow up was available for all 
patients (p = 0.000).

The operative level was mainly at L4-5 in all three groups (50-64.7% 
of each group). The difference in preoperative diagnosis was not sta
tistically significant in all three groups. (p = 0.745) A statistically sig
nificant difference was observed in the mean operative time per level (p 
< 0.001). Group B (138.91 ± 8.59 min) had the longest duration, 
compared to Group A (116.03 ± 11.27 min) and Group C (120.88 ±
15.19 min).Time to ambulation also differed significantly among the 
groups (p < 0.001), with Group C demonstrating the longest mean time 
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(9.35 ± 2.10 h, 11.97 ± 3.45 h, and 12.28 ± 3.08 h for Groups A, B, and 
C, respectively).In contrast, the total length of hospital stay showed no 
significant inter-group difference (8.21 ± 2.73 days, 8.34 ± 2.15 days, 
and 9.13 ± 3.40 days, respectively(p = 0.321)(Table 1).

3.2. Clinical outcome

All three groups achieved significant and sustained improvement in 
all patient-reported outcome measures (PROMs) from the preoperative 
baseline to the final follow-up (p < 0.05). The mean ODI score decreased 
from 61.76 ± 7.31 to 14.56 ± 4.96 in Group A; from 61.25 ± 7.12 to 
14.91 ± 6.56 in Group B; and from 64.45 ± 6.06 to 15.58 ± 6.99 in 
Group C. At the final follow-up, a comparison of ODI scores revealed no 
statistically significant intergroup difference (p > 0.05). The final VAS 
scores for both leg and back pain were not significantly different among 

the three groups. All groups demonstrated a marked reduction in Visual 
Analog Scale (VAS) leg pain scores. The mean scores decreased from 
7.35 ± 0.85 (Group A), 7.41 ± 0.84 (Group B), and 7.58 ± 0.90 (Group 
C) pre-operatively to 1.18 ± 0.52, 1.19 ± 0.78, and 1.35 ± 0.90 
respectively, at final follow-up. VAS Back were also improved from 5.91 
± 0.79 (Group A) and 5.97 ± 0.97 (Group B) preoperatively to 1.82 ±
0.72 and 1.84 ± 0.63, respectively, at final follow-up. There were no 
major complications resulting in a neurological deficit reported in any of 
the three cohorts (Table 2).

3.3. Radiological outcome

Sagittal parameters were evaluated to assess global and segmental 
balance restoration. All three groups demonstrated improvements in 
sagittal alignment. Furthermore, there was no statistically significant 

Fig. 1. Three different cage strategies used. A) Two titanium small cages B) Large PEEK cage C) small PEEK cage.

Fig. 2. Clinical radiographs of the three strategies used A) two titanium small cages B) Large PEEK cage C) small PEEK cag.
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intergroup difference in the degree of correction. Preoperative PT was 
17.51 ± 9.58◦in Group A,19.39 ± 7.54◦in Group B and 20.21 ± 7.63 in 
Group C. At the final follow-up, the mean change in Pelvic Tilt (ΔPT) 
was − 1.83 ± 5.88◦, 0.46 ± 4.06◦, and 0.87 ± 4.82◦ for Groups A, B, and 
C, respectively (p = 0.372). The mean preoperative Lumbar Lordosis 
(LL) was 40.28 ± 16.16◦, 40.40 ± 11.28◦, and 39.88 ± 11.90◦ for 
Groups A, B, and C, respectively; these baseline values were not signif
icantly different (p = 0.985). At the final follow-up, mean LL values 
improved to 42.01 ± 14.15◦ (Group A), 42.53 ± 10.39◦ (Group B), and 
42.24 ± 10.72◦ (Group C), again with no significant intergroup differ
ence (p = 0.984).The mean change in LL (ΔLL) was an increase of +1.72 
± 7.05◦ in Group A, +2.13 ± 6.75◦ in Group B, and +2.36 ± 7.10◦ in 
Group C (p = 0.927). The Δ Sacral slope in the three groups also did not 
show statistically significant results. Mean preoperative Segmental 
Lordosis (SL) was 10.56 ± 7.12◦, 12.81 ± 5.39◦, and 12.06 ± 6.31◦ for 
Groups A, B, and C, respectively; these baseline values were not signif
icantly different (p = 0.240). At the final follow-up, these values 

increased to 14.07 ± 6.34◦ (Group A), 13.96 ± 4.85◦ (Group B), and 
14.37 ± 5.12◦ (Group C). The mean change in SL (ΔSL) was 3.52 ±
6.14◦ in Group A, +1.15 ± 5.70◦ in Group B, and +1.59 ± 6.10◦ in 
Group C (p = 0.234). The change in PI-LL (ΔPI-LL) from preoperative to 
final was − 1.80 ± 7.90◦ in Group A, − 1.85 ± 6.59 in Group B, − 2.02 ±
7.38 in Group C (p = 0.991). Furthermore, the change in SVA did not 
differ (p = 0.897) (Table 3)

A significant intergroup difference in fusion rates was observed at the 
6-month follow-up (97.1% in Group A, 93.7% in Group B, vs. 15.0% in 
Group C; p < 0.001). This significant difference persisted at 12 months, 
with rates of 100% (Group A), 98.5% (Group B), and 90.0% (Group C) 
(p < 0.05). At the final follow-up, the fusion rates were 100% in Group 
A, 98.5% in Group B, and 92.5% in Group C. By the final endpoint, the 
difference among the three groups was no longer statistically significant 
(p = 0.845). No nonunion occurred in Group A, while 1 and 2 cases of 
nonunion were found in Groups B and C, respectively. The incidence of 
subsidence (greater than Grade 1 Marchi) was 5.9% (2/34), 6.3% (2/ 
32), and 15.0% (6/40) for Groups A, B, and C, respectively. This dif
ference was statistically significant (p = 0.035), with the highest rate 
observed in Group C, which had a significantly smaller cage surface 
area.

4. Discussion

Transforaminal interbody fusion was originally described by Harms 
and Jeszensky (12) as a surgical option for a variety of spinal disorders 
that require a fusion. Compared to the traditional posterior interbody 
fusion technique (PLIF), the TLIF approach allows for less neural 
retraction and less neurological injury14 but with these open techniques, 
there were significant drawbacks due to their extensive posterior 
approach, including substantial paraspinal muscle damage, high esti
mated blood loss, prolonged recovery time, and increased postoperative 
pain. With the evolution of options, endoscopic means to accomplish 
TLIF has been reported. With the separation of working and viewing 
portals, surgeons have more degrees of freedom to accomplish surgery; 
furthermore, BELIF allows for meticulous disc removal and endplate 
preparation under direct high power magnification. A challenge with 
any fusion technique, however, is fusion and in particular interbody 
fusion, subsidence. In this paper, three different cage options were 

Table 1 
Demographic table.

Characteristic Group A 
(Double 
Titanium 
Cage)

Group B 
(Large PEEK 
Cage)

Group C 
(Small PEEK 
Cage)

p 
value

Number of patients 34 32 40 ​
Age (Years) 69.68 ± 7.36 68.59 ± 8.37 68.18 ± 9.99 0.578
Sex (Male: Female) 17:17 12:20 25:15 0.476
Follow up (months) 28.50 ± 2.29 42.84 ± 3.04 78.00 ± 5.62 0.000
BMI (kg/m2) 25.84 ± 2.85 25.98 ± 2.74 25.47 ± 2.98 0.903
Smoking history 9/34(26.47%) 8/32 

(25.00%)
10/40 
(25.00%)

0.605

HTN 7/34 (20.58%) 7/32 
(21.87%)

8/40 
(20.00%)

0.595

DM 9/34 (26.47%) 8/32 
(25.00%)

10/40 
(25.00%)

0.727

Operative Level ​ ​ ​ 0.332
L3-4 3 6 4 ​
L4-5 22 18 20 ​
L5-S1 9 8 16 ​

Diagnosis ​ ​ ​ 0.745
Degenerative 
Spondylolithesis

11 10 12 ​

Lytic 
Spondylolithesis

6 4 6 ​

Spinal Stenosis 8 10 12 ​
Central and 
foraminal stenosis

9 8 10 ​

Primary: Revision 10:24 17:15 26:14 0.009
Operative Time 

(Min)
116.03 ±
11.27

138.91 ±
8.59

120.88 ±
15.19

0.000

Time to Ambulation 
(Hours)

9.35 ± 2.10 11.97 ± 3.45 12.28 ± 3.08 
0

0.001

Postoperative 
Length of Stay 
(Day)

8.21 ± 2.73 8.34 ± 2.15 9.13 ± 3.40 0.321

Major Complication 0 0 0 ​
Subsidence 2/34 (5.9%) 2/32 (6.3%) 6/40 (15.0%) 0.035

Table 2 
Clinical outcomes.

Variables Group A(Double 
Titanium Cage)

Group B (Large 
PEEK Cage)

Group C (Small 
PEEK Cage)

p 
value

VAS (leg)
Preoperative 7.35 ± 0.85 7.41 ± 0.84 7.58 ± 0.90 0.514
Final 1.18 ± 0.52 1.19 ± 0.78 1.35 ± 0.53 0.514

VAS (Back)
Preoperative 5.91 ± 0.79 5.97 ± 0.97 6.05 ± 1.15 0.834
Final 1.82 ± 0.72 1.84 ± 0.63 1.80 ± 0.73 0.965

ODI
Preoperative 61.76 ± 7.31 61.25 ± 7.12 64.45 ± 6.06 0.099
Final 14.56 ± 4.96 14.91 ± 6.56 15.58 ± 6.99 0.777

Table 3 
Radiographic outcomes.

Characteristics Group A 
(Double 
Titanium Cage)

Group B (Large 
PEEK Cage)

Group C (Small 
PEEK Cage)

p 
value

Preop Lumbar 
Lordosis (LL)

40.28 ± 16.16 40.40 ± 11.28 39.88 ± 11.90 0.985

Final LL 42.01 ± 14.15 42.53 ± 10.39 42.24 ± 10.72 0.984
Δ LL 1.72 ± 7.05 2.13 ± 6.75 2.36 ± 7.10 0.927
Preop Sacral 

Slope (SS)
30.51 ± 8.21 31.20 ± 7.21 30.80 ± 7.53 0.937

Final SS 29.70 ± 8.23 31.48 ± 7.42 31.67 ± 7.75 0.515
Δ SS − 0.81 ± 4.56 0.29 ± 6.93 0.86 ± 6.12 0.504
Preop PI-LL 14.32 ± 10.94 12.78 ± 8.71 13.34 ± 8.94 0.809
Final PI-LL 12.52 ± 8.65 11.29 ± 6.88 11.73 ± 7.34 0.538
Δ PI-LL − 1.80 ± 7.90 − 1.85 ± 6.59 − 2.02 ± 7.38 0.991
Preop C7-S1 

SVA
31.22 ± 29.34 31.85 ± 25.10 36.51 ± 28.16 0.722

Final C7-S1 
SVA

25.60 ± 28.86 34.89 ± 27.42 33.25 ± 25.74 0.443

Δ C7-S1 SVA − 5.61 ± 27.25 3.05 ± 24.08 − 3.26 ± 24.12 0.897
Preop 

Segmental 
Lordosis (SL)

10.56 ± 7.12 12.81 ± 5.39 12.06 ± 6.31 0.240

Final SL 14.07 ± 6.34 13.96 ± 4.85 14.37 ± 5.12 0.948
Δ SL 3.52 ± 6.14 1.15 ± 5.70 1.59 ± 6.10 0.234
Preop PT 17.51 ± 9.58 19.39 ± 7.54 20.21 ± 7.63 0.374
Final PT 19.34 ± 8.12 19.85 ± 6.54 20.57 ± 6.46 0.937
Δ PT 1.83 ± 5.88 0.46 ± 4.06 0.36 ± 4.34 0.372
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analyzed showing a high fusion rate regardless of technique but with less 
subsidence when using a higher total cage surface area of cage contact.

This current study also adds to the published literature on the safety 
and efficacy of BELIF. The consistent and favorable clinical results 
achieved in our cohort, despite the variations in cage strategy, further 
support BELIF as an effective minimally invasive option. There were 
significant improvements in patient-reported outcomes (VAS back/leg, 
ODI) observed across all three cage groups without neurological injury. 
Other published studies have compared BELIF with traditional tech
niques. When compared to open PLIF, BELIF had an advantage of 
reduced early postoperative back pain.15 Similarly, when compared 
against minimally invasive tubular TLIF, BETLIF demonstrates compa
rable long-term functional outcomes and pain relief, while potentially 
offering faster recovery and less back pain in the immediate post
operative period.8 Although this study combines variables such as BELIF 
technique, different number of cages, and different types of cages, the 
ability to provide safe and reproducible outcomes of BELIF has already 
been demonstrated. Thus, the variable of technique is minimized, and 
this study's main goal is compare radiographic and clinical outcomes in 
different cage utilization strategies.

Although our study cohort included both primary and revision fusion 
cases, with a statistically significant difference in their distribution 
among the groups, the final clinical outcomes (VAS scores, ODI) were 
comparable across all three groups. This observation within our own 
data suggests that the status of primary versus revision surgery did not 
lead to substantially different long-term clinical results in this cohort 
undergoing BELIF. This finding is further supported by a recent publi
cation comparing primary and revision BELIF directly. A study by Kim et 
al found that while revision BETLIF procedures had significantly longer 
surgical times and a higher incidence of durotomy compared to primary 
cases, both groups demonstrated similar clinical improvement in VAS 
scores, ODI, and MacNab criteria, as well as comparable fusion rates at 
final follow-up.16 Therefore, the inclusion of both primary and revision 
cases in our study is unlikely to have significantly confounded the 
overall assessment of clinical efficacy. One may question that in a 
revision setting, the scar tissue in and around the disc space may pro
mote less vascularization for bony fusion potential. Revision cases may 
also have more sclerosis at the endplates inhibiting healing as well or 
perhaps because of the scarring, there may be a higher risk of iatrogenic 
endplate violation during disc preparation. Lastly, revision cases may 
have scar tissue that tether the neural elements increasing the risk for 
neuropraxia and worse clinical results. However, this study and the 
previous study16 do not support those hypotheses. Furthermore, Group 
A had a higher percentage of revision cases yet had better radiographic 
results (less subsidence and quicker fusion rate), opposite of the hy
pothesis. Nevertheless, we acknowledge that by including both primary 
and revision cases could add bias to the study. Group A, with more re
visions, also had shorter follow up period, but subsidence and radio
graphic nonunion occur before the second year, and rarely manifest at 
later time points. Our studies demonstrate fusion rates, specifically did 
not change much from 1 year follow up to last follow up. Clinical out
comes can deteriorate over time. Yet, iatrogenic injury would manifest 
at earlier time periods.

The surgical times were longer in the large PEEK cage group than the 
two smaller cage groups, albeit the average difference was less than 25 
min. The reason for this variation was that large PEEK group required 
more bone work and bleeding control for the insertion of the cage. For 
smaller cage placement, the entire ipsilateral facet does not need to be 
removed while in the cases of large case insertion, many times the entire 
facet has to be removed thoroughly to facilitate cage placement. To help 
with sagittal alignment, the surgeon attempted to remove the facet to 
mobilize the motion segment but for larger cage placement, the face
tectomy has to be more thorough to place the cage compared to smaller 
cage techniques as nerve retraction is less likely to help in large cage 
inertion. Regardless the different in time is likely not clinically signifi
cant. The difference in length of stay and time to ambulation were not 

clinically meaningful. As far as time to ambulation differences, the 3 h 
difference is likely negligible. Because the surgeries were performed in 
Asia, the length of stay is drastically different from the United States. 
The payer system as well as cultural differences prolong length of stay.

With the focus on sagittal alignment in the spinal literature, radio
graphic alignment parameters were analyzed to assess the restoration 
and/or maintenance of global and segmental balance. All three groups 
in this study demonstrated improvements in sagittal alignment; there 
were no statistically significant differences in the degree of correction 
among the groups at the final follow-up. Since these cases were all one 
level in degenerative cases, we did not expect large changes in radio
graphic parameters, rather hoped for maintenance of a balance spine as 
all patients did not have a spinal deformity preoperatively. When there 
is focal lumbar deformity, certain techniques like LLIF or specific cage 
strategies might improve local and regional lordosis more so than BELIF. 
Regardless, future studies analyzing these BELIF techniques in spinal 
deformity patients may be warranted.

For successful lumbar interbody fusion, the interbody cage plays a 
crucial role in providing structural support until fusion occurs.17 How
ever, cage subsidence is a common complication that can lead to spinal 
deformity, neural compression, fusion failure, and the need for revision 
surgery.18 Various factors influence cage subsidence, including bone 
mineral density, endplate preparation, cage size and footprint, cage 
position (central vs. peripheral), and cage material (PEEK vs. Titanium). 
Particularly, it has been revealed through several biomechanical studies 
that the vertebral endplate exhibits regional variations in strength, with 
the periphery (especially posterolateral) being significantly stronger and 
stiffer than the central region. Grant et al17 mapped the strength of the 
lumbar and sacral endplates, showing that the posterolateral region was 
more than twice as strong as the central region, and Lowe et al18 also 
reported that the posterolateral region had the highest resistance in both 
the lumbar and thoracic spine, while the central region had the least. 
These regional strength variations in the endplate provide important 
implications for cage design and placement strategies. Cage design can 
also play a factor in structural support. According to the study by Lowe 
et al, cages with larger diameters (i.e., larger footprints) have a higher 
maximum load to failure (MLF) and a lower risk of subsidence. More
over, while hollow cages may have a lower MLF than solid cages of the 
same diameter, they can withstand higher stress per unit area, indicating 
potentially higher force transfer efficiency. Thus, hollow cage can ach
ieve similar MLF to smaller solid cages by increasing their diameter. The 
empty space can also provide an opportunity for placing bone graft. 
Lastly, since removing the endplate significantly reduces structural 
strength, the importance of endplate preservation is further empha
sized.12 BELIF allows for careful denuding of the endplate cartilage 
without endplate violation.

As noted in Mendoza-Lattes's commentary, small-footprint cages and 
aggressive disc height restoration are associated with endplate injuries 
and subsidence, highlighting the importance of meticulous surgical 
technique and precise implant placement aligned with the peripheral 
vertebral endplates.12 These biomechanical principles were reflected in 
the results of our study as well. A statistically significantly higher sub
sidence rate (15.0%) was observed in Group C (single small PEEK), 
which had the smallest cage foot print, whereas Groups A (double tita
nium) and B (single large PEEK), which aimed for a larger effective 
contact area, had lower subsidence rates of 5.9% and 6.3%, respectively. 
This suggests that maximizing the area where the cage contacts the 
stronger peripheral part of the endplate is important for preventing 
subsidence. Although Group A and B had different material properties, 
the similarities were the surface area when compared to Group C. If it 
was only material properties at play, Group B and C would have closer 
subsidence rates. However, we cannot explicit exclude the possibility of 
material properties as titanium is stiffer than PEEK. With the advances in 
3-D printed titanium, the modulus of elasticity is similar to PEEK. 
Therefore, in BELIF surgery, securing sufficient contact area and accu
rately transverse positioning the cage on the strong peripheral region of 
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the endplate can be considered key factors in increasing fusion success 
rates and reducing subsidence-related complications.

A notable finding in this study was the significantly higher fusion 
rates observed in Group A (double titanium cages) and Group B (single 
large PEEK cage) compared to Group C (single small PEEK cage) at the 6- 
month and 12-month follow-up time points. Both Group A and Group B 
utilized cage strategies designed to maximize the effective contact area 
with the vertebral endplate. This larger footprint likely contributed to 
enhanced initial stability, a critical factor for successful bone fusion. 
Biomechanically, distributing load over a wider area, particularly 
engaging the stronger peripheral apophyseal ring of the endplate, pro
vides greater resistance to subsidence and minimizes micromotion at the 
graft-endplate interface. Reduced micromotion creates a more favorable 
environment for osteogenesis and bony bridging.19 Conversely, the 
smaller footprint of the cage used in Group C may have concentrated 
stress on the weaker central endplate region, potentially leading to 
increased micromotion and the significantly higher rate of subsidence 
observed (15.0%), which could delay the fusion process. Furthermore, 
while PEEK (Groups B and C) is considered bioinert, titanium (Group A) 
possesses osteoconductive properties that can promote direct osteoin
tegration.20 If material properties were the only important factor, one 
would surmise Group A to have a higher fusion rate than both Group B 
and C. Yet, the fusion rates were similar between Group A (titanium) and 
Group B (PEEK). Therefore, the interplay between surface area and 
material properties are likely the reasoning rather than just material 
properties alone for fusion status. Ultimately, the combination of a large 
surface area engaging the robust peripheral endplate, possibly 
augmented by the material properties, can perhaps facilitate more rapid 
and robust early fusion compared to a single, smaller PEEK cage. 
Perhaps in the future comparing similar cage dimension (large size) but 
between PEEK and titanium can elucidate the direct effects of material 
properties.

4.1. Limitations

This study has several limitations. First, it follows a retrospective 
cohort study design. Second, due to varying surgical time points among 
the patient groups, the follow up duration differed between the groups. 
Although the final follow up differed, the follow up was at minimum 2 
years. Subsidence typically occurs within 6 months of surgery. A longer 
follow up period would not skew the results to higher subsidence of the 
longer follow up group. Secondarily, once a patient is fused, longer 
follow up would not change that fusion rate. One can surmise longer 
follow up may allow slower fusion to potentially fuse, but fusion rates 
plateau after 1 year and it is unlikely a substantial fusion rate occurs past 
2 years, the minimum follow up period in this cohort. Third, although all 
surgeries were performed by a single experienced spine surgeon, the 
operator's learning curve during the study period was not explicitly 
accounted for. Group C surgical technique was adopted first followed by 
Group B then A. This learning curve could account for the higher sub
sidence rate and lower fusion rates as a bias, and a future randomized 
study would warrant exploration. The surgeon however had a long track 
record of UBE and has surpassed the learning curve of BELIF but 
adopting new techniques implicitly has a learning curve. Fourth, the 
assignment of cage type was not randomized and was based on surgeon 
preference, and the difference in cage material between Group A (Ti
tanium) and Groups B/C (PEEK) might have influenced the outcomes 
beyond just the footprint comparison. All cases were performed after the 
learning curve of BELIF,21 but Group A and B occurred more recently. 
Finally, a large titanium cage was not studied or a single small titanium 
cage. Future prospective randomized controlled trials with larger sam
ple sizes and longer follow-up periods are needed, especially to see if 
material properties are more important that surface area.

5. Conclusion

In this study, biportal endoscopic lumbar interbody fusion (BE-TLIF) 
using three different cage strategies (double titanium, single large PEEK, 
single small PEEK) demonstrated satisfactory clinical outcomes with no 
significant intergroup differences at the final follow-up. However, cage 
size and material influenced the early fusion rate and the incidence of 
subsidence. Cages with a larger footprint (Groups A and B) showed faster 
and superior early fusion rates, while the cage with the smallest foot
print (Group C) exhibited a significantly higher rate of subsidence 
(15.0%). Therefore, appropriate cage size selection is crucial in BELIF, 
considering that smaller cages may be associated with an increased risk 
of subsidence.
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