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Objective: The objective of this study was to evaluate the influence of cage anteroposterior position and angulation, as well as plate
and screw trajectory, in oblique lumbar interbody fusion with lateral plate fixation, on clinical and radiographic outcomes along with
associated perioperative complications.

Methods: A total of 47 patients undergoing OLIF-LP surgery were enrolled. Cases were divided into the anterior position group
(APG) or the posterior position group (PPG) based on whether the cage was positioned anterior or posterior to the midline. Data were
collected preoperatively and at 3 days, 3 months, and 12 months postoperatively. Radiographic parameters measured included LL,
FSL, DH, and FH. Implant-related measurements comprised cage-device angle (CDA), superior screw to endplate angle (SSEA), and
inferior screw to endplate angle (ISEA). Clinical outcomes included Back-VAS, Leg-VAS, ODI scores, and perioperative complica-
tions, to evaluate the impact of cage position on radiographic and clinical outcomes at different time points.

Results: No significant differences were found in clinical outcomes between the groups at any point. Radiographically, the APG
showed greater improvement in FSL than the PPG (4.37+3.56° vs. 1.7543.16°, p=0.012). The APG also had greater loss of FH during
follow-up (p=0.024). Thigh/inguinal numbness was the most common complication (38.3%), and was more frequent in the PPG.
SSEA positively correlated with FSL at final follow-up (r=0.408, p=0.004).

Conclusion: When employing a lateral plate for fixation in OLIF, an anteriorly positioned cage yields superior improvement in FSL,
whereas posterior placement more effectively maintains FH, albeit with an increased risk of perioperative neurological complications.
Moreover, a larger SSEA was positively associated with improvement in long-term FSL.
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Introduction

Oblique Lumbar Interbody Fusion (OLIF), first reported by Silvestre et al in 2012," has emerged as a mainstream surgical
approach for degenerative disc disease, spondylolisthesis, and spinal stenosis. Its oblique lateral retroperitoneal access
effectively circumvents vascular complications associated with traditional anterior approaches while avoiding posterior
muscular dissection. This technique offers distinct advantages including minimized surgical trauma, reduced intraoperative

bleeding, and lower neurological complication rates, significantly accelerating postoperative recovery. When performed
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within appropriate indications,” OLIF achieves thorough disc space release, optimal intervertebral height restoration, and
sagittal balance correction, yielding favorable clinical outcomes.

Nevertheless, standalone OLIF (SA-OLIF) configurations face significant challenges with cage subsidence,’ fre-
quently leading to complications such as disc height loss and pseudarthrosis that substantially compromise long-term
efficacy. To enhance segmental stability, contemporary OLIF procedures commonly incorporate supplemental fixation
techniques including lateral plates (LP), lateral screws (LS), and posterior bilateral/unilateral pedicle screw instrumenta-
tion (BPS/UPS).*> Among these, OLIF with lateral plate fixation (OLIF-LP) has gained prominence due to its single-
incision and single-position advantages, establishing itself as a prevalent surgical option.

Current international consensus recommends placing the cage in zones II and III of the intervertebral space, primarily
based on anatomical safety considerations to avoid vascular injury with anterior placement or neural injury with posterior
placement.® While studies have investigated cage position in PLIF, TLIF, and OLIF/LLIF procedures with bilateral
posterior pedicle screw fixation,” '° there is a lack of research focusing on implant positioning (including cage, plate, and
screws) in OLIF combined with lateral plate fixation. Different surgical approaches and fixation techniques exhibit
variations in biomechanics and long-term outcomes.'''® In clinical practice, cage placement is frequently subject to
positional deviation or angular inclination due to limited surgical exposure, morphological variations of the endplates, or
iliac crest obstruction. Simultaneously, substantial operational heterogeneity exists in the screw insertion direction
(cephalad/caudal angulation) of the lateral plate. Moreover, the addition of a lateral plate may potentially influence the
lateral spinal structures. Notably, whether these variations affect the overall stability of the “cage-plate construct” and
consequently lead to differences in radiographic and clinical outcomes remains unexplored.

This study pioneers the comprehensive analysis of how critical technical parameters—cage positional shift (anterior/
posterior displacement), cage angular deviation, and plate screw trajectories—influence postoperative functional outcomes,
radiographic parameters, and complication profiles in OLIF-LP procedures. Our findings will establish evidence-based
guidance for optimizing precision execution of OLIF-LP.

Materials and Methods

Patient Population

This study received ethical approval from the Institutional Review Board of The First People’s Hospital of Yunnan
Province (Approval No.KHLL2025-KY132). Written informed consent for research participation and publication was
obtained from all participants.

Between April 2022 and January 2024, 86 consecutive patients underwent single-surgeon OLIF-LP procedures at The First
People’s Hospital of Yunnan Province. All patients were diagnosed with lumbar spinal stenosis, degenerative spondylolisthesis,
segmental instability, or adjacent segment disease (ASD), with complete minimum 12-month follow-up documentation.
Exclusion criteria comprised: (1) Utilization of alternative fixation methods or standalone OLIF constructs. (2) History of
abdominal or spinal surgeries. (3) Severe spinal stenosis, high-grade degenerative spondylolisthesis, spinal infections, traumatic
injuries, or neoplasms. (4) Incomplete pre- or postoperative clinical/radiological documentation. Baseline demographic para-
meters were meticulously documented: gender, chronological age, standing height, body weight, comorbidities, symptom
duration, smoking status, and cage material specifications. After implementing these selection criteria, 47 OLIF-LP patients
were ultimately included in the final cohort.

Surgical Procedure

All patients underwent comprehensive preoperative evaluations including lumbar MRI, three-dimensional CT scans, and
standard anteroposterior/lateral radiographs with dynamic flexion-extension views. Preoperative assessment specifically
evaluated psoas major-vascular corridor stenosis, osseous spinal canal narrowing, and facet joint fusion. All procedures
were performed by a single experienced spine surgeon. Patients were positioned in the lateral decubitus position. Under
C-arm fluoroscopic guidance, skin markings were made at the target disc center. Following abdominal muscle incision
and dissection, the retroperitoneal space was accessed to approach the psoas major. Careful psoas retraction exposed the
disc space, enabling insertion of a localization needle. Repeat fluoroscopy confirmed the disc midpoint, facilitating
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placement of a tubular retractor. Annulotomy, complete discectomy, and bilateral endplate preparation were subsequently
performed. Blunt contralateral annulus dissection ensured adequate traversal of the disc space by the interbody cage. An
18 mm-wide, 6° lordotic cage packed with allogeneic bone graft was inserted, with trial spacers confirming appropriate
sizing. Posterior and lateral fluoroscopy verified cage positioning within Knight zones II-III on lateral imaging.
Intraoperatively, the target was to position the cage at the midpoint of the endplate; however, the final cage center
point varied between zones II and III on postoperative imaging. A length-appropriate lateral plate (pre-locked to the cage)
was positioned in the same region, followed by freechand placement of 5.5 mm-diameter screws into the cephalad and
caudal vertebral bodies under fluoroscopic confirmation of proper screw length and maintained zone II-III positioning.
For two-level procedures, skin markings centered on the intermediate vertebral body under C-arm guidance enabled
single-incision completion. Postoperatively, all patients wore lumbosacral orthoses for three months.

Data Collection

Clinical outcomes were evaluated using the Back Pain Visual Analog Scale (Back-VAS), Leg Pain Visual Analog Scale
(Leg-VAS), and Oswestry Disability Index (ODI) preoperatively and at postoperative day 3, month 3, and month 12.
Perioperative complications, symptomatic events, hospitalization duration, operative time, and intraoperative blood loss
were systematically documented.

Identical timepoints (preoperative, postoperative day 3, month 3, month 12) were employed for lateral radiographic parameter
measurement: (1) Disc Height (DH): Mean value of anterior and posterior disc space heights; (2) Foraminal Height (FH):
Maximum distance between the inferior vertebral notch of the cephalad vertebra and superior vertebral notch of the caudal
vertebra; (3) Fused Segment Lordosis (FSL): Angle between lines connecting the superior endplate of the upper vertebra and
inferior endplate of the lower vertebra; (4) Lumbar Lordosis (LL): Angle between the superior endplates of L1 and S1; (5) Cage
Subsidence Grading: Assessed on 12-month lateral radiographs using the Luis Marchi et al'* classification (Grade 0-3), with
Grade >1 defined as subsidence. Postoperative day 3 lumbar three-dimensional CT scans facilitated implant-related measure-
ments: (1) Cage Deviation Angle (CDA): Angle between the cage’s longitudinal axis and posterior vertebral margin horizontal
line on axial CT;'® (2) Cage Position (CP): Cage center point location relative to the vertebral midline (anterior/posterior) on axial
CT; (3) Screw Trajectory Angles: Superior Screw to Endplate Angle (SSEA): Coronal CT angle between superior screw and
cephalad endplate; Inferior Screw to Endplate Angle (ISEA): Coronal CT angle between inferior screw and caudal endplate. All
radiographic parameters underwent independent measurement by two spinal surgeons each possessing over five years of
specialized experience. The measurement methods of relevant parameters are shown in Figure 1.

Figure | Radiographic measurement parameters. (A) Measurements on sagittal radiographs, the angle between line a and b was FSL; the angle between line c and d was the
LL; the average length of line e and f was DH; the length of line g was FH; (B) Measurements on axial CT scans 3 days postoperatively, line j and i were the mutually
perpendicular central dividing lines of the cage, with the intersection point of the two lines located anterior or posterior to the midline to determine cage position; the angle
between line i and h was CDA; (C) Measurements on coronal CT scans 3 days postoperatively, the angle between line k and | was the SSEA, and the angle between
line m and n was ISEA.
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Statistical Analysis

Data analysis was performed using IBM SPSS Statistics version 27.0 (IBM Corp). Continuous variables are presented as
mean + standard deviation, while categorical variables are presented as frequencies (proportions). Inter-rater reliability
was assessed via the intraclass correlation coefficient (ICC), calculated using a two-way random-effects model with
absolute agreement specification. Normality of continuous data was assessed using the Shapiro—Wilk test. For between-
group comparisons, continuous variables with normal distribution were analyzed using independent samples t-tests, while
those with non-normal distribution were analyzed using Mann—Whitney U-tests. Categorical variables were analyzed
using chi-square or Fisher’s exact tests. Correlations were evaluated using Pearson’s correlation coefficient for normally
distributed continuous variables and Spearman’s rank correlation coefficient for non-normally distributed continuous
variables or ordinal categorical variables. Statistical significance was defined as p < 0.05.

Results

A total of 47 patients meeting inclusion/exclusion criteria were enrolled. The cohort comprised 17 males and 30 females, with
a mean age of 58.1 = 8.1 years (range: 40—74 years), all completing >12-month follow-up. Postoperative measurements
confirmed all cages were positioned within zones II-III. Patients with cage center points anterior to the disc space midpoint
constituted the Anterior Position Group (APG), while those posterior formed the Posterior Position Group (PPG):27 patients
(57.4%) comprised the APG (M: F=8:19; mean age 56.40 + 6.96 years; BMI 24.16 + 3.44 kg/m?), whereas 20 patients (42.6%)
were allocated to the PPG (M: F=9:11; mean age 60.30 + 9.04 years; BMI 25.55 + 3.09 kg/m?). Smoking history included 4
APG and 7 PPG patients.

No significant intergroup differences existed in preoperative primary diagnoses or comorbidities. Both groups utilized
two material types of 18 mm-wide, 6° lordotic cages without intergroup variation. The PPG cohort comprised 16 single-
level and 4 two-level procedures, while the APG included 25 single-level and 2 two-level interventions. Collectively
addressing 53 surgical levels (L3/4:16; L4/5:37), no significant intergroup disparities were observed in operative time,
intraoperative blood loss, or hospitalization duration (Table 1).

Table | Demographic and Clinical Data of Patients

Characteristic PPG, N=20 | APG, N=27 | p value
Age at op, yrs 60.30+£9.04 56.40+6.96 0.102
M/F sex 911 8/19 0.278
BMI, kg/m2 25.55+3.09 24.16+3.44 0.16l
Comorbidities
Diabetes 2 | 0.383
Hypertension 7 8 0.696
Osteoporosis 9 14 0.642
Coronary artery disease 4 0.397
Smoking status 7 4 0.106
Diagnosis
Stenosis 4 0.854
Spondylolisthesis 9 16 0.333
Instability 4 0.397
ASD 2 3 0.903
Material of implant 0.528
PEEK 10 I
Titanium alloy 10 16
Fusion level, n 0312
L3/4 6 10
L4/5 18 19
(Continued)
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Table | (Continued).

Characteristic PPG, N=20 | APG, N=27 | p value
No. of fused levels, n 0.201

| 16 25

2 4 2
Operative time, min 134.90+51.90 | 117.04+39.03 0.184
Estimated blood loss, mL 77.00+67.21 79.26+72.53 0914
Length of hospital, days 10.95+4.50 8.96+2.16 0.051

Abbreviations: BMI, body mass index; m, months; ASD, adjacent segment disease;
PEEK, Polyether Ether Ketone.

Both groups demonstrated significant clinical improvement compared with baseline, which was maintained through
final follow-up. Comparative analysis revealed no significant differences in ODI, Back-VAS, or Leg-VAS scores between
PPG and APG at any time point (Table 2).

Radiographically, both groups exhibited substantial improvements in DH and LL that were sustained throughout follow-
up, with no significant intergroup differences. Notably, independent-samples #-test showed that APG achieved superior
restoration of FSL compared with PPG postoperatively (4.37+3.56° vs. 1.7543.16°, p=0.012). Although no significant
differences in FH were observed between groups at baseline or on postoperative day 3, APG exhibited significantly greater
FH loss at 3- and 12-month follow-ups compared with PPG (p=0.024 and p=0.033, respectively) (Table 3).

Postoperative complications/symptoms occurred in twenty-three patients, comprising eight with single manifesta-
tions and fifteen with multiple occurrences. Cage subsidence occurred in 29.8% of patients, but no statistically
significant difference was observed between the groups. Transient symptoms—including hip weakness, thigh/inguinal
numbness, thigh pain, abdominal distension, and constipation—resolved completely by the 3-month follow-up without
long-term sequelae. Notably, thigh numbness emerged as the most prevalent complication (38.3% overall incidence),
demonstrating significantly higher frequency in the PPG cohort (p<0.05) (Table 4). Spearman correlation analysis of
implant-related parameters (SSEA=8.74+4.40°; ISEA=12.00£3.70°; CDA=5.1145.01°) revealed no significant associa-
tions between SSEA/ISEA/CDA and long-term clinical outcomes or cage subsidence, except for a positive correlation
between SSEA and 12-month FSL (p=0.408, p=0.004) (Table 5).

Table 2 Clinical Results

PPG, N=20 | APG, N=27 | p value

Preop ODI 68.80+5.85 69.07+8.68 0.903
Back-VAS 5.50£1.15 5.37£1.15 0.704
Leg-VAS 6.50+0.76 6.44+0.80 0.811

POD3 ODI 29.65%7.46 31.93+£14.92 0.535
Back-VAS 225091 2.04+0.98 0.452
Leg-VAS 1.90+0.79 1.89+0.80 0.447
POM3 ODI 17.40+6.41 15.19+5.63 0.215

Back-VAS 0.70+£0.47 0.63%0.49 0.624
Leg-VAS 0.70£0.57 0.96+0.52 0.106
POMI2 ODI 6.60+4.49 6.59+3.99 0.995
Back-VAS 0.30£0.73 0.22+0.42 0.649
Leg-VAS 0.45%1.00 0.56+0.70 0.672

Abbreviations: VAS, Visual Analog Scale; ODI, Oswestry Disability Index.;
POD, Postoperative Day; POM, Postoperative Month; Preop, Preoperative.
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Table 3 Radiographic Results

PPG, N=20 | APG, N=27 | p value

Preop FSL (°) 13.70%7.15 12.85+7.03 0.687

LL (°) 33.85+12.98 | 41.19+£14.26 0.077
FH (mm) 18.86+4.77 20.66%3.18 0.128
DH (mm) 9.61+2.54 8.54+2.47 0.153
POD3 FSL (°) 15.45+7.20 17.22+8.75 0.464

LL (°) 38.05+11.39 | 41.48+15.53 0.408
FH (mm) 23.49+4.46 24.36%2.53 0.401
DH (mm) 13.50+1.44 12.58+2.00 0.086

POM3 FSL (°) | 14.60£7.05 | 15598.13 | 0.664
LL(°) | 35.85%13.98 | 37.15%11.80 | 0732

FH (mm) | 22.19%356 | 1973361 | 0024

DH (mm) | 1251235 | 1141215 | 0.102

POMI2 FSL (°) | 1545£7.50 | 1507+623 | 0.852

LL (°) 37.35%12.43 | 39.89+11.05 0.473
FH (mm) 21.30+4.38 19.06+2.56 0.033

DH (mm) | 11412267 | 10312264 | 0.167
A (POD3-Preop) | FSL (°) 1.75+3.16 437+3.56 0.012
LL (9 1.75+6.81 463+7.44 0.181

FH (mm) | 4.63+3.64 3.70+196 | 0267
DH (mm) | 3.94+1.98 397+232 | 0967

Abbreviations: FSL, Fused Segment Lordosis; LL, Lumbar Lordosis; FH, Foraminal
Height; DH, Disc Height; A, Change from baseline.

Table 4 Comparison of Perioperative Complications Between PPG
and APG Groups

PPG, N=20 | APG, N=27 | p value

Hip Weakness 4 3 0.397
Psoas hematoma | 0 0.240
Thigh/inguinal pain 6 4 0.209
Thigh/inguinal numbness 11 7 0.043
Abdominal distension 0 2 0.214
Constipation 0 4 0.072
Endplate fracture 3 2 0.404
Ureteric injury 0 0 /

Superficial surgical site infection | 0 0.240
Reoperations | 0 0.240
Cage subsidence 8 6 0.188

Table 5 Spearman Correlation Analysis Between Implant-Related Measurements and 12-Month
Postoperative Clinical Outcomes (n=47)

ODI | Leg-VAS | Back-VAS FSL LL FH DH CSs
SSEA (°) | 8.74+4.40 | p | 0.038 0.009 0.087 0.429 0.214 0.097 | —0.174 | 0.072
p | 0.798 0.955 0.562 0.003 0.149 0.517 0.242 0.629
ISEA (°) | 12.00£3.70 | p | —0.142 —0.166 0.012 —0.101 | —0.264 | —0.130 | 0.263 | —0.107
p | 034l 0.266 0.934 0.501 0.073 0.382 0.074 0.474
CDA (°) | 5.11£5.01 | p | 0.010 0.005 —0.081 0.134 | —0.088 | —0.106 | —0.143 | 0.087
p | 0.946 0.972 0.590 0.370 0.559 0.480 0.339 0.560

Note: Spearman p as the correlation coefficient; P < 0.05 indicates a statistically significant correlation.
Abbreviations: SSEA, Superior Screw to Endplate Angle; ISEA, Inferior Screw to Endplate Angle; CDA, Cage Deviation Angle.
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Discussion

OLIF achieves indirect decompression and restores lumbar alignment by inserting an interbody cage to distract annular
fibers and ligaments.'® Compared to traditional TLIF and PLIF techniques, OLIF preserves the posterior musculoliga-
mentous complex and facet joint structures, enabling these preserved posterior elements to provide greater segmental
stability. This characteristic obviates the universal necessity for supplemental rigid pedicle screw fixation.'” When

18,19

supplemented with LP, OLIF delivers superior stability versus standalone constructs while eliminating requirements

for intraoperative positional changes or additional incisions.*'

In PLIF and TLIF procedures, alterations in cage center position can influence adjacent segment facet joint degeneration and
lumbar lordosis, where restoring or maintaining lordosis constitutes a critical determinant for optimizing clinical outcomes.***%*
Furthermore, multiple studies demonstrate anterior cage placement in PLIF/TLIF facilitates increased anterior disc height and
compresses the posterior disc space to achieve spinal lordosis.”?*® For OLIF techniques, in vitro studies confirm OLIF-BPS
constructs provide biomechanical stability comparable to PLIF.>” Regarding OLIF-BPS or LLIF-BPS procedures, Park et al
recommend positioning cages in the anterior 1/3 of the disc space as the optimal location for LLIF, as successful indirect
decompression better restores FSL.%® Qiao et al also reported cages located at the anterior 1/3 with better SLA improvement than
those at the posterior 2/3 (2.8° versus 0.8°) in LLIF. However, research evaluating cage position in OLIF-LP—an anterolateral
fixation construct—remains absent. Our findings demonstrate that with lateral plate augmentation, anterior cage positioning
yields significantly greater FSL improvement versus posterior placement (4.37+3.56° vs 1.75+3.16°, p=0.012), with sustained
correction throughout follow-up. The PPG demonstrated comparable FH to the APG at postoperative day 3, but exhibited
significantly better FH maintenance during follow-up. This outcome may stem from the cage’s role as a shifting pivot point
within the disc space: when positioned anteriorly, it may predispose to posterior disc height loss, thereby increasing FSL;
conversely, posterior placement may better preserve posterior disc height, maintaining FH (Figure 2). However, this mechanism
awaits biomechanical validation. Notably, these radiographic variations did not translate to clinical outcome differences within
the 1-year follow-up period. Moreover, posterior placement may limit segmental lordosis restoration, which could theoretically
lead to suboptimal sagittal alignment and persistent back pain despite successful fusion, although such long-term functional
effects were not observed within our 1-year follow-up.

Numerous studies have substantiated the short-term clinical efficacy and functional outcomes of OLIF-LP; however,
perioperative complications associated with this technique remain understudied. Crucially, local complication profiles may
exhibit distinct characteristics when lateral supplemental instrumentation is employed compared to traditional posterior
fixation approaches. While the OLIF approach inherently mitigates risks of intraspinal neurological injury, perioperative
neurological complications still occur in 8%-35% of cases, including thigh numbness, hip/leg pain, and lower extremity
weakness.”” >~ In this study, 48.9% of patients developed new-onset postoperative symptoms or complications. Among all
complications, inguinal/thigh numbness demonstrated the highest incidence (38.3%). All cases of inguinal/thigh numbness,
constipation, abdominal distension, and hip weakness proved transient, with complete resolution by the 3-month follow-up.

Figure 2 The left panel illustrates that when the cage is positioned posteriorly within the intervertebral space, it better maintains posterior disc height and FH. The right
panel demonstrates that anterior cage placement allows the posterior structures to compress using the cage as a pivot point, thereby improving FSL.
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The PPG cohort demonstrated a significantly higher incidence of inguinal/thigh numbness compared to the APG group—
representing the only perioperative symptom exhibiting intergroup disparity based on cage position. Anatomically, the OLIF
procedure’s operational safety window resides between the lumbar plexus and sympathetic trunk;>* All surgical interventions
in this series targeted exclusively the L.3/4 or L4/5 spinal segments, with L4/5 constituting the majority (69.8%) of treated
levels. At L3—4, all nerve roots consistently occupied Zone IV, including the L2 division contributing to the lumbar plexus, L3
root, and lateral femoral cutaneous nerve (L2-L3). The genitofemoral nerve consistently resided within Zone 1. At L4-5,
neural elements within Zones III and IV comprised: (1) lumbar plexus branches contributing to the femoral nerve (L2-L3
divisions and L4 root), (2) intrinsic psoas muscle branches, and (3) obturator nerve pathways. The genitofemoral nerve
consistently coursed along the psoas’ anterior surface in Zone 1.% In the anatomical study by Davis, T.T., et al, at the L4/5 level,
the femoral nerve traversed Zone Il in 1 of 18 specimens and was positioned posterior to the disc space in 5 specimens, with
the remainder located in Zones III or I'V. Critically, surgical dissection at L4/5 risks encountering the main femoral nerve trunk
rather than solely its branches.** These results align with our findings. Using an expandable retractor for intraoperative
distraction after posterior cage placement generates compressive forces between the device and the transverse processes.
These forces may compress neural structures in zones III or IV, potentially causing physiological and structural nerve damage.
The resulting pathological changes may lead to functional impairments of varying severity. However, it should be acknowl-
edged that postoperative thigh/inguinal numbness may also be influenced by other unmeasured surgical and anatomical
factors, such as individual variations in nerve root anatomy, retraction force magnitude, and retraction duration. Therefore,
a definitive causal relationship between posterior cage placement and neurological complications cannot be established from
the current data.

CS after OLIF is a common complication. Mild CS is often asymptomatic; however, as CS progresses, it may lead to pain,
spinal deformity, neurological injury, or even surgical failure.*>*>*® Although supplemental internal fixation is theoretically
expected to stabilize the OLIF construct and reduce CS risk, some studies suggest that LP fixation does not significantly lower
CS incidence compared with SA constructs. In severe CS cases, LP fixation may even result in plate or screw displacement.’”
Notably, no plate displacement was observed in LP-fixed patients in our cohort. Cheng et al*® reported that anterior cage
positioning in OLIF-BPS fixation markedly reduced CS incidence (1.8% vs. 28.9%, P <0.05). They hypothesized that anterior
placement allows the cage to span the denser anterior apophyseal ring rather than the comparatively softer central endplate
region. Conversely, Yu et al*® found no correlation between cage-endplate contact variables and anteroposterior cage position.
Our data similarly showed no statistically significant difference in CS rates between anterior and posterior cage placements.
These discrepancies may reflect variations in fixation methodologies across studies.

In the present study, a positive correlation was identified between SSEA and FSL at 12 months postoperatively
(r=0.408, p=0.004). Previous studies have demonstrated that OLIF-LP achieves comparable stability to BPS or UPS
fixation during lateral bending, but exhibits inferior stability in flexion-extension and axial rotation.'''****! OLIF-LP
fails to effectively restrict motion in the facet joints and posterior lumbar structures.*> However, the mechanism
underlying this correlation remains unclear, and causality should not be inferred. While theoretical possibilities exist—
such as differential endplate loading or altered segmental kinematics—these speculations require direct biomechanical
validation. However, there is currently no direct evidence or clear rationale to explain why the size of the SSEA
correlates with FSL at 12 months postoperatively. Current research has predominantly focused on biomechanical
comparisons among different fixation methods, while neglecting the critical variable of screw trajectory in LP fixation.
Future studies should establish finite element models of LP fixation with varying screw angles to quantitatively analyze
endplate stress distribution and screw load characteristics. Additionally, cadaveric experiments should be conducted to
evaluate range of motion (ROM) and failure load under different screw trajectories. Such investigations would facilitate
a comprehensive understanding of this clinical phenomenon.

This study has several limitations. First, as a single-center retrospective investigation, the stratification of patients by
cage position and screw angle was not prospectively controlled. Factors such as intraoperative patient positioning and
iliac crest shadowing may have led to deviations in cage placement and screw trajectory. Moreover, the modest sample
size (n=47) precluded adjustment for multiple comparisons and multivariable analyses, and cage position was assessed
categorically rather than continuously. Therefore, the statistically significant findings should be interpreted as hypothe-
sis-generating rather than confirmatory. A multicenter study with a larger sample size would help mitigate these inherent
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biases. Second, the retrospective design limited access to comprehensive clinical data, including cage height, bone graft
material composition, and screw length, all of which could influence clinical outcomes. Although this study assessed
clinical and radiographic outcomes at 12 months post-OLIF-LP, it cannot adequately determine long-term endpoints such
as fusion rates, implant failure, or adjacent segment disease. Finally, additional biomechanical investigations are
warranted to validate the correlations between cage/screw placement configurations and clinical outcomes or complica-
tion rates. Future prospective multicenter studies consolidating comprehensive datasets are needed to precisely define the
roles of cage positioning and plate-screw orientation in OLIF-LP procedures.

Conclusions

In OLIF-LP procedures, cage position, cage deviation angle, and screw trajectory do not appear to affect patients’ long-
term symptomatic outcomes. Anteriorly placed cages demonstrate superior improvement in FSL, whereas posteriorly
positioned cages better maintain FH but may increase perioperative neurological risk. Additionally, posterior placement
may limit segmental lordosis restoration, which could theoretically affect long-term sagittal balance and functional
outcomes, though this was not observed within the 1-year follow-up. Consequently, for patients with symptomatic
foraminal stenosis, posterior cage placement (Zone III) may be a reasonable option, while anterior positioning (Zone II)
could be considered for other clinical indications. Moreover, a larger SSEA was positively associated with long-term FSL
improvement.
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