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Abstract
Background
Lateral lumbar interbody fusion (LLIF) is currently popularized as an effective and safe approach to attain a
lumbar fusion. The effect that supplemental fixation plays on fusion and subsidence rates after lateral
lumbar surgery remains understudied. This study aims to directly compare fusion rates and subsidence rates
in patients undergoing single-level lateral lumbar surgery with and without supplemental fixation for the
treatment of degenerative disc disease with or without spondylolisthesis.

Methods
We included all single-level lateral interbody procedures for degenerative disc disease with or without
spondylolisthesis. We excluded adult spinal deformity, infections, trauma, neoplastic pathology, and
patients undergoing lateral interbody fusion of more than one level. Basic demographic data, lumbar
lordosis, subsidence rates, and fusion rates were measured across the two groups.

Results
Forty-five (54.2%) patients underwent interbody placement alone without posterior supplemental fixation,
while thirty-eight (45.8%) patients underwent percutaneous pedicle screw placement in addition to
interbody placement. Only two patients underwent interbody placement at L1-2, none of whom received
posterior fixation. Also, there was no significant difference in the mean change in lumbar lordosis (LL) angle
between both groups (p=0.7). Furthermore, there was no significant difference in terms of the fusion (p=0.5)
and subsidence (p=0.4) grades between both groups. The operative time was significantly longer in the
supplemented fixation group (P<0.001). However, there was no significant difference in the hospital stay
between both groups (p=0.7).

Conclusion
Supplemental fixation did not significantly affect fusion or subsidence rates in this study. Further studies are
warranted to verify the results of this study.

Categories: Neurosurgery
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Introduction
Fusion procedures for degenerative spine disease are common and expensive, incurring approximately $14.1
billion in aggregate hospital costs in 2021 [1]. Minimally invasive surgery (MIS) is economically favorable
relative to open surgery, with an average cost per quality-adjusted life year of $42,635 vs. $226,304 after one
year [2]. Lateral lumbar interbody fusion (LLIF) is an increasingly popular MIS approach.

The LLIF is effective and safe. Fusion rates can approach 92% at one year postoperatively [3]. Unlike
posterior approaches, the LLIF avoids manipulation of critical structures with known morbidity; it preserves
posterior bony structures and posterior and anterior longitudinal ligaments and permits graft insertion
without retraction of thecal sac and nerve roots [4]. Relative to other anterior approaches, the LLIF permits
visualization through psoas manipulation, minimizing risks associated with great vessel mobilization [5].
Despite the strong association with positive radiographic and clinical outcomes, the risk of complications
exists.

Cage subsidence refers to pathologic interbody cage depression into the adjacent vertebral endplate beyond
the physiologic endplate remodeling, or “cage settling,” in response to biomechanical stress [6]. The degree
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of depression determines the grade [7]. Subsidence after LLIF is a known complication associated with
significant morbidity that can warrant revision surgery [8]. Incidence can range from 10-20% [9].
Supplemental MIS posterior fixation with percutaneous pedicle screws can augment construct stability [10].
However, the impact on outcomes remains debated [11].

We aimed to retrospectively review patients with lumbar degenerative disease who underwent LLIF with and
without posterior supplemental fixation.

Materials And Methods
The study was conducted at the Buffalo General Hospital, Buffalo, New York, United States. After obtaining
Institutional Review Board approval, we conducted a retrospective chart review of patients who underwent
LLIF for degenerative disease with or without spondylolisthesis between January 2014 and October 2016. A
single surgeon performed all procedures at one academic institution and was assisted by an access surgeon.
Patients undergoing multilevel fusions or with deformity, infectious, traumatic, or neoplastic pathology
were excluded.

All patients were admitted postoperatively. Postoperative outpatient follow-ups with anteroposterior (AP)
and lateral radiographs were scheduled at one week, four weeks, three months, six months, and one year
postoperatively. CT indications included clinical concern for non-union and residual or recurrent
symptoms. 

We used pedicle screws in patients that have high sacral slopes, are obese, are female, and have a smoking
history. In the absence of high sacral slopes, pars defects, and multi-level interbodies, we typically perform
unilateral fixation.

Lateral lumbar interbody fusion procedure
All patients underwent a lateral retroperitoneal transpsoas approach in the lateral decubitus position from
the left side with a small break in the table. Localization with fluoroscopy was performed before a small
linear incision across the flank. After opening the abdominal fascia, retroperitoneal finger dissection
proceeds to the lateral aspect of the spine. We routinely stimulated our docking surface to monitor proximity
to the lumbar plexus. The psoas is sequentially dilated and retracted, with or without shims, to maintain a
clear field of view. A discectomy is carried out on the contralateral annulus, which is punctured with a Cobb
elevator to further mobilize the disc space. The appropriately sized interbody cage with bone morphogenic
protein allograft is selected to span the apophyseal ring, confirmed with AP fluoroscopy. 

If applicable, concomitant posterior fixation was performed the same day or as a staged procedure two days
later with percutaneous pedicle screw placement with stereotactic navigation or robotic guidance.

Outcomes
Demographic data included age (years), sex, and body mass index (BMI; kg/m²). Operative duration
(minutes), perioperative hospital length of stay (days; LOS), and interval duration to follow-up (months)
were recorded. 

Primary outcomes included fusion and cage subsidence. Subsidence was measured according to the
percentage loss of disc height devised by Marchi and colleagues [7] using lateral radiographs. Grade I is 0-
24%; Grade II: 25-49%; Grade III: 50-74%; Grade IV: 75-100%. Fusion status was assessed with computer
tomography (CT) scans, if available, and plain radiographs using the graded anterior scale published by
Molinari et al. [12] Grade I: fused with remodeling and trabeculae present; Grade 2: graft intact, not fully
remodeled, no lucency; Grade 3: graft intact, potential lucency at the top or bottom of graft; Grade 4: fusion
absent with graft collapse or resorption.

Secondary outcome measurements included immediate postoperative change in coronal Cobb (CC) angle
and lumbar lordosis (LL). LL was assessed on lateral radiographs and measured from the superior endplate of
L1 to the endplate of S1. The CC angle was measured on AP radiographs by the angle formed by a line across
the L1 superior endplate and the endplate of S1. Alignment parameters were measured on plain radiographs
using the Surgimap software package (Surgimap, New York, NY, USA).

Statistical analysis
All statistical analysis was performed using the Statistical Analysis Software (SAS) package (SAS Institute
Inc., Cary, NC, USA). Continuous variables were reported descriptively (mean ± standard deviation (SD),
range) and compared with independent samples t-tests. Categorical variables were compared with chi-
square tests. Changes in lumbar lordosis and CC angles were analyzed with logistic regression.

Results
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Eighty-three patients (mean age 57.6±10.5 years, mean BMI 30.6±5.2 kg/m², 50.6% female) were included, of
whom 42 (50.6%) were female (Table 1). Three patients (3.6%) developed perioperative complications,
including postoperative hematoma, seizure, and palpitations; all patients were discharged in stable
condition (Table 2). Thirteen (15.7%) patients were lost to follow-up, 10 (76.9%) of whom received
supplemental fixation, and three did not.

Characteristics Variable
All
Patients
(N=83)

Supplemental Fixation
Group (N=38)

Non-supplemental
Fixation Group (N=45)

Statistic
p-
value

Demographics

Mean Age (years) ± SD 57.6 ± 10.5 56.3 ± 10.1 58.7 ± 10.7 T=-1.05 0.30

Female (N, %) 42 (50.6%) 22 (57.9%) 20 (44.4%) χ²(1)=1.464 0.23

Mean BMI (kg/m²) ± SD 30.6 ± 5.2 30.2 ± 5.1 31.0 ± 5.3 T=-0.70 0.49

Pedicle screws
Unilateral (N, %) N/A 24 (63.2%) N/A   

Bilateral (N, %) N/A 14 (36.8%) N/A   

Technique
Lateral Plating (N, %) N/A N/A 41 (91.1%)   

Stand-Alone Cages (N, %) N/A N/A 4 (8.9%)   

Spine levels

L1-2 (N, %) 2 (2.4%) 0 (0%) 2 (4.4%)   

L2-3 (N, %) 8 (9.6%) 3 (7.9%) 5 (11.1%)   

L3-4 (N, %) 25 (30.1%) 9 (23.7%) 16 (35.6%)   

L4-5 (N, %) 48 (57.8%) 26 (68.4%) 23 (51.1%)   

Perioperative
factors

Mean Operative Time
(min) ± SD

109.2 ±
57.9

156.2 ± 55.6 69.5 ± 11.7 T=9.44 <0.001

Mean Length of Stay
(days) ± SD

1.9 ± 1.0 2.0 ± 1.0 1.9 ± 1.1 T=-0.43 0.67

Alignment

Mean Preoperative LL
Angle (degrees) ± SD

54.7 ± 11.9 55.6 ± 13.2 54.0 ± 10.8 T=0.60 0.55

Mean Postoperative LL
Angle (degrees) ± SD

52.5 ± 12.9 52.7 ± 12.4 52.3 ± 13.3 T=0.14 0.89

Mean Change in LL Angle
(degrees) ± SD

-2.2 ± 11.5 -2.9 ± 11.6 -1.6 ± 11.4 T=-0.51 0.61

Mean Change in CC Angle
(degrees) ± SD

-0.2 ± 3.7 -1.1 ± 3.4 0.4 ± 3.9 T=-1.87 0.07

TABLE 1: Patient demographics and surgical characteristics.
Independent samples t-tests were used to compare the means of continuous variables. Chi-square tests were used for categorical variables.

BMI: body mass index; N/A: not applicable; LL: LL: lumbar lordosis; CC: coronal Cobb
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Characteristics Variables
Supplemental Fixation Group
(N=28)

Non-supplemental Fixation Group
(N=42)

p-
value

Postoperative fusion
grade

Grade I (N, %) 20 (71.4%) 30 (71.4%) 0.92

Grade II (N, %) 7 (25.0%) 8 (19.0%)  

Grade III (N, %) 1 (3.6%) 2 (4.8%)  

Grade IV (N, %) 0 (0%) 2 (4.8%)  

Cage subsidence

Any Subsidence (N,
%)

17 (60.7%) 16 (38.1%) 0.05

Grade I (N, %) 6 (21.4%) 11 (26.2%)  

Grade II (N, %) 1 (3.6%) 3 (7.1%)  

Grade III (N, %) 0 (0%) 2 (4.8%)  

Complications

Pelvic Hematoma (N,
%)

1 (3.6%) 0 (0%) 0.41

Seizures (N, %) 0 (0%) 1 (2.4%) 0.49

Palpitations (N, %) 0 (0%) 1 (2.4%) 0.49

TABLE 2: Surgical and radiographic outcomes.
Chi-square tests were used to compare postoperative fusion grade and cage subsidence, and Fisher’s exact test for complications.

Supplemental fixation group 
Thirty-eight (45.8%) patients received supplemental fixation. Twenty-four (63.2%) patients underwent
unilateral pedicle screw placement, and 14 (36.8%) underwent bilateral pedicle screw placement. The mean
operative time was 156.2±55.6 minutes (range, 58-386 minutes), and the mean LOS was 2±1 days (range, one
to four days). The mean preoperative, postoperative, and change in LL angle was 55.6°±13.2°, 52.7°±12.4°,
and -2.9°±11.6°, respectively, as shown in Figures 1A, 1B. The mean CC change was -1.1±3.4º. One patient
developed a pelvic hematoma postoperatively; no other complications were reported.
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FIGURE 1: Illustrative lateral X-ray.
A: preoperative of a patient in the supplemental fixation group; B: postoperative of the same patient in the
supplemental fixation group; C: preoperative of a patient in the non-supplemental fixation group; D: postoperative
of the same patient in the non-supplemental fixation group

L: lumbar; LL: lumbar lordosis; PI: pelvic incidence; PT: pelvic tilt; SS: sacral slope

Twenty-eight (73.7%) of 38 patients presented to the follow-up clinic. Interval duration from surgery ranged
from two to 14 months (mean 5.8±3.4 months). The degree of postoperative fusion spanned grades I (N=20,
71.4%), II (N=7, 25.0%), and III (N=1, 3.6%). Cage subsidence occurred in 17 (60.7%) patients, including
grade I (N=6, 21.4%) and grade II (N=1, 3.6%). 

Non-supplemental fixation group
Forty-five patients underwent fusion without posterior supplemental fixation. Lateral plating was used in 41
(91.1%) patients; stand-alone cages were used in four. The mean operative time was 69.5±11.7 minutes
(range, 51-113 minutes), and the mean LOS was 1.9±1.1 days (range, one to six days). The mean
preoperative, postoperative, and change in LL angle was 54°±10.8°,52.3°±13.3°, and -1.6°±11.4°,
respectively, as shown in Figures 1C, 1D. The mean CC change was 0.4±3.9º. One (2.2%) patient developed
postoperative seizures, and one (2.2%) developed palpitations; no other complications were reported.

Forty-two (93.3%) of 45 patients presented to the follow-up clinic. Interval duration from surgery ranged
from two to 39 months (mean 9.5±8.7 months). Of the 42 patients with follow-up data, the degree of
postoperative fusion spanned grades I (N=30, 71.4%), II (N=8, 19%), III (N=2, 4.8%), and IV (N=2, 4.8%). Cage
subsidence occurred in 16 (38.1%) patients of varying severity, including grade I (N=11, 26.2%), grade II
(N=3, 7.1%), and grade III (N=2, 4.8%).

 

2025 Levy et al. Cureus 17(4): e82844. DOI 10.7759/cureus.82844 5 of 8

https://assets.cureus.com/uploads/figure/file/1480711/lightbox_24699690199011f09dbcf5f300f043e1-Screenshot-2025-04-15-at-2.16.53-AM.png
javascript:void(0)
javascript:void(0)


Supplemental fixation versus non-supplemental fixation
Age, sex, BMI, LOS, and change in LL and CC angles do not significantly differ between groups (Table 1). The
operative time was significantly longer in the supplemented fixation group (T score 9.44, p<0.001). Only two
patients underwent interbody placement at L1-2, neither of whom received posterior fixation. Rates and
degrees of subsidence χ²(1)=3.84, p=0.05) and fusion (χ²(3)=0.02, p=0.92) and subsidence did not
significantly differ.

Discussion
LLIF is an increasingly popular approach to treating degenerative lumbar disease due to favorable
radiographic and clinical outcomes [11,13-15]. While supplemental posterior fixation adds construct
stability, the clinical impact on fusion and subsidence rates after LLIF is less clear [16,17]. Our results do not
demonstrate a statistically significant reduction in subsidence or improvement in fusion associated with
supplemental fixation. 

Although the supplemental fixation group had greater overall subsidence, the correlation was not
significant and likely subject to significant confounds, warranting consideration in future studies. Patient
and operative factors that may influence subsidence rates warrant consideration in future studies, such as
concomitant osteoporosis and cage size [7,18]. Reduced bone mineral density reduces the bone strength
required to counter the mechanical, compressive forces driving subsidence [18]. Furthermore, wider cages
span a greater surface area of the apophyseal ring, which contributes significant structural integrity [18].

Fusion rates after LLIF range from 85-100% [8,11,19]. Our 95.2% fusion rate at 9.5 months follow-up aligns
with previous studies. While literature exists reporting enhanced fusion after posterior fixation, patient
selection is critical [20].

LLIF procedures can improve and maintain both global and segmental LL [11,21,22]. However, the effect of
supplemental fixation remains debated [11,21,22,23]. Our results failed to demonstrate a significant
difference in alignment parameters between the two groups. Larger, prospective studies are warranted. 

The posterior supplemental fixation group demonstrated significantly increased operative time. This is
expected, as additional instrumentation increases the steps in the procedure and is consistent with previous
studies [23]. Increased procedural duration carries its own set of risks related to increased time under
anesthesia and potentially increased blood loss. However, increased operative time did not significantly
correlate with LOS. Performing staged surgeries likely contributed to these findings [24].

The use of supplemental fixation was up to the discretion of the senior author of this study; however, the
factors that affect the decision-making are usually advanced spondylolisthesis, poor bone quality, and severe
canal stenosis that requires posterior decompression. 

Limitations
Our study was limited by its retrospective nature and small sample size. Further, within-group variation,
such as stand-alone cages versus lateral plating in the group without supplemental fixation and unilateral
versus bilateral pedicle screw placement in the group with supplemental fixation, may have impacted our
results and warrants further investigation.

Conclusions
LLIF is a minimally invasive technique associated with positive radiographic and clinical outcomes.
Although our results do not demonstrate significant radiographic or clinical differences between groups that
did or did not undergo supplemental posterior fixation. However, LLIF without supplemental posterior
fixation demonstrated a significantly shorter operative time compared to the supplemented fixation group.
However, supplemental fixation did not result in a statistically significant difference in subsidence rates,
fusion rates, or sagittal alignment changes. These findings suggest that whether routine posterior fixation
may not be necessary for all LLIF procedures remains inconclusive, though patient-specific factors must be
considered. Larger, prospective studies are needed to further elucidate the impact of supplemental fixation
on long-term outcomes and to refine patient selection criteria for its use.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Asham Khan, Lauren C. Levy, Mohamed A. Soliman, Alexander O. Aguirre, Jeffrey
Mullin, John Pollina, Jacob Greisman

 

2025 Levy et al. Cureus 17(4): e82844. DOI 10.7759/cureus.82844 6 of 8

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Acquisition, analysis, or interpretation of data:  Asham Khan, Lauren C. Levy, Alexander O. Aguirre

Drafting of the manuscript:  Asham Khan, Lauren C. Levy

Critical review of the manuscript for important intellectual content:  Asham Khan, Lauren C. Levy,
Mohamed A. Soliman, Alexander O. Aguirre, Jeffrey Mullin, John Pollina, Jacob Greisman

Supervision:  Jeffrey Mullin, John Pollina

Disclosures
Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Instituitional Review Board of University at Buffalo issued approval
MODCR00001348. Animal subjects: All authors have confirmed that this study did not involve animal
subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: Dr. Mullin serves as
a consultant for SI Bone and Medtronic. Dr. Pollina serves as a consultant for and receives royalties from
ATEC Spine and owns stock in Accelus. Dr. Khan received a research grant from the Scoliosis Research
Society to study scoliosis in Chiari patients. All other authors have no personal, financial, or institutional
interest in the materials or devices described in this manuscript.

Acknowledgements
We thank Debra J. Zimmer for editorial assistance.

References
1. Mani K, Kleinbart E, Goldman SN, et al.: Projections of single-level and multilevel spinal instrumentation

procedure volume and associated costs for Medicare patients to 2050. J Am Acad Orthop Surg Glob Res Rev.
2024, 8:10.5435/JAAOSGlobal-D-24-00053

2. Deshpande V, Simpson E, Caballero J, Haddad C, Smith J, Gardner V: Cost-utility of lumbar interbody fusion
surgery: a systematic review. Spine J. 2025, 10.1016/j.spinee.2024.12.027

3. Morton MB, Wang YY, Buckland AJ, Oehme DA, Malham GM: Lateral lumbar interbody fusion - clinical
outcomes, fusion rates and complications with recombinant human bone morphogenetic protein-2. Br J
Neurosurg. 2025, 39:71-7. 10.1080/02688697.2023.2197503

4. Wong AX, Tang DH, Kaliya-Perumal AK, Oh JY: The evolution of lateral lumbar interbody fusion: a journey
from past to present. Medicina (Kaunas). 2024, 60:378. 10.3390/medicina60030378

5. Manzur MK, Steinhaus ME, Virk SS, et al.: Fusion rate for stand-alone lateral lumbar interbody fusion: a
systematic review. Spine J. 2020, 20:1816-25. 10.1016/j.spinee.2020.06.006

6. Tohmeh AG, Khorsand D, Watson B, Zielinski X: Radiographical and clinical evaluation of extreme lateral
interbody fusion: effects of cage size and instrumentation type with a minimum of 1-year follow-up. Spine
(Phila Pa 1976). 2014, 39:E1582-91. 10.1097/BRS.0000000000000645

7. Marchi L, Abdala N, Oliveira L, Amaral R, Coutinho E, Pimenta L: Radiographic and clinical evaluation of
cage subsidence after stand-alone lateral interbody fusion. J Neurosurg Spine. 2013, 19:110-8.
10.3171/2013.4.SPINE12319

8. Macki M, Anand SK, Surapaneni A, Park P, Chang V: Subsidence rates after lateral lumbar interbody fusion:
a systematic review. World Neurosurg. 2019, 122:599-606. 10.1016/j.wneu.2018.11.121

9. Wu H, Shan Z, Zhao F, Cheung JP: Poor bone quality, multilevel surgery, and narrow and tall cages are
associated with intraoperative endplate injuries and late-onset cage subsidence in lateral lumbar interbody
fusion: a systematic review. Clin Orthop Relat Res. 2022, 480:163-88. 10.1097/CORR.0000000000001915

10. Marulanda GA, Nayak A, Murtagh R, Santoni BG, Billys JB, Castellvi AE: A cadaveric radiographic analysis
on the effect of extreme lateral interbody fusion cage placement with supplementary internal fixation on
indirect spine decompression. J Spinal Disord Tech. 2014, 27:263-70. 10.1097/BSD.0b013e31828f9da1

11. Malham GM, Ellis NJ, Parker RM, Blecher CM, White R, Goss B, Seex KA: Maintenance of segmental lordosis
and disk height in stand-alone and instrumented extreme lateral interbody fusion (XLIF). Clin Spine Surg.
2017, 30:E90-8. 10.1097/BSD.0b013e3182aa4c94

12. Molinari RW, Bridwell KH, Klepps SJ, Baldus C: Minimum 5-year follow-up of anterior column structural
allografts in the thoracic and lumbar spine. Spine (Phila Pa 1976). 1999, 24:967-72. 10.1097/00007632-
199905150-00007

13. Alimi M, Hofstetter CP, Cong GT, et al.: Radiological and clinical outcomes following extreme lateral
interbody fusion. J Neurosurg Spine. 2014, 20:623-35. 10.3171/2014.1.SPINE13569

14. Rodgers WB, Gerber EJ, Patterson J: Intraoperative and early postoperative complications in extreme lateral
interbody fusion: an analysis of 600 cases. Spine (Phila Pa 1976). 2011, 36:26-32.
10.1097/BRS.0b013e3181e1040a

15. Rodgers WB, Gerber EJ, Patterson JR: Fusion after minimally disruptive anterior lumbar interbody fusion:
analysis of extreme lateral interbody fusion by computed tomography. SAS J. 2010, 4:63-6.
10.1016/j.esas.2010.03.001

16. Choi KC, Ryu KS, Lee SH, Kim YH, Lee SJ, Park CK: Biomechanical comparison of anterior lumbar interbody
fusion: stand-alone interbody cage versus interbody cage with pedicle screw fixation -- a finite element

 

2025 Levy et al. Cureus 17(4): e82844. DOI 10.7759/cureus.82844 7 of 8

https://dx.doi.org/10.5435/JAAOSGlobal-D-24-00053
https://dx.doi.org/10.5435/JAAOSGlobal-D-24-00053
https://dx.doi.org/10.1016/j.spinee.2024.12.027
https://dx.doi.org/10.1016/j.spinee.2024.12.027
https://dx.doi.org/10.1080/02688697.2023.2197503
https://dx.doi.org/10.1080/02688697.2023.2197503
https://dx.doi.org/10.3390/medicina60030378
https://dx.doi.org/10.3390/medicina60030378
https://dx.doi.org/10.1016/j.spinee.2020.06.006
https://dx.doi.org/10.1016/j.spinee.2020.06.006
https://dx.doi.org/10.1097/BRS.0000000000000645
https://dx.doi.org/10.1097/BRS.0000000000000645
https://dx.doi.org/10.3171/2013.4.SPINE12319
https://dx.doi.org/10.3171/2013.4.SPINE12319
https://dx.doi.org/10.1016/j.wneu.2018.11.121
https://dx.doi.org/10.1016/j.wneu.2018.11.121
https://dx.doi.org/10.1097/CORR.0000000000001915
https://dx.doi.org/10.1097/CORR.0000000000001915
https://dx.doi.org/10.1097/BSD.0b013e31828f9da1
https://dx.doi.org/10.1097/BSD.0b013e31828f9da1
https://dx.doi.org/10.1097/BSD.0b013e3182aa4c94
https://dx.doi.org/10.1097/BSD.0b013e3182aa4c94
https://dx.doi.org/10.1097/00007632-199905150-00007
https://dx.doi.org/10.1097/00007632-199905150-00007
https://dx.doi.org/10.3171/2014.1.SPINE13569
https://dx.doi.org/10.3171/2014.1.SPINE13569
https://dx.doi.org/10.1097/BRS.0b013e3181e1040a
https://dx.doi.org/10.1097/BRS.0b013e3181e1040a
https://dx.doi.org/10.1016/j.esas.2010.03.001
https://dx.doi.org/10.1016/j.esas.2010.03.001
https://dx.doi.org/10.1186/1471-2474-14-220


analysis. BMC Musculoskelet Disord. 2013, 14:220. 10.1186/1471-2474-14-220
17. Kretzer RM, Molina C, Hu N, Umekoji H, Baaj AA, Serhan H, Cunningham BW: A comparative biomechanical

analysis of stand alone versus facet screw and pedicle screw augmented lateral interbody arthrodesis: an in
vitro human cadaveric model. Clin Spine Surg. 2016, 29:E336-43. 10.1097/BSD.0b013e3182868ef9

18. Oh KW, Lee JH, Lee JH, Lee DY, Shim HJ: The correlation between Cage subsidence, bone mineral density,
and clinical results in posterior lumbar interbody fusion. Clin Spine Surg. 2017, 30:E683-9.
10.1097/BSD.0000000000000315

19. Malham GM, Ellis NJ, Parker RM, Seex KA: Clinical outcome and fusion rates after the first 30 extreme
lateral interbody fusions. ScientificWorldJournal. 2012, 2012:246989. 10.1100/2012/246989

20. Waddell B, Briski D, Qadir R, Godoy G, Houston AH, Rudman E, Zavatsky J: Lateral lumbar interbody fusion
for the correction of spondylolisthesis and adult degenerative scoliosis in high-risk patients: early
radiographic results and complications. Ochsner J. 2014, 14:23-31.

21. Johnson RD, Valore A, Villaminar A, Comisso M, Balsano M: Pelvic parameters of sagittal balance in
extreme lateral interbody fusion for degenerative lumbar disc disease. J Clin Neurosci. 2013, 20:576-81.
10.1016/j.jocn.2012.05.032

22. Tessitore E, Molliqaj G, Schaller K, Gautschi OP: Extreme lateral interbody fusion (XLIF): a single-center
clinical and radiological follow-up study of 20 patients. J Clin Neurosci. 2017, 36:76-9.
10.1016/j.jocn.2016.10.001

23. Kotwal S, Kawaguchi S, Lebl D, et al.: Minimally invasive lateral lumbar interbody fusion: clinical and
radiographic outcome at a minimum 2-year follow-up. J Spinal Disord Tech. 2015, 28:119-25.
10.1097/BSD.0b013e3182706ce7

24. Isaacs RE, Hyde J, Goodrich JA, Rodgers WB, Phillips FM: A prospective, nonrandomized, multicenter
evaluation of extreme lateral interbody fusion for the treatment of adult degenerative scoliosis:
perioperative outcomes and complications. Spine (Phila Pa 1976). 2010, 35:S322-30.
10.1097/BRS.0b013e3182022e04

 

2025 Levy et al. Cureus 17(4): e82844. DOI 10.7759/cureus.82844 8 of 8

https://dx.doi.org/10.1186/1471-2474-14-220
https://dx.doi.org/10.1097/BSD.0b013e3182868ef9
https://dx.doi.org/10.1097/BSD.0b013e3182868ef9
https://dx.doi.org/10.1097/BSD.0000000000000315
https://dx.doi.org/10.1097/BSD.0000000000000315
https://dx.doi.org/10.1100/2012/246989
https://dx.doi.org/10.1100/2012/246989
https://pmc.ncbi.nlm.nih.gov/articles/PMC3963047/
https://dx.doi.org/10.1016/j.jocn.2012.05.032
https://dx.doi.org/10.1016/j.jocn.2012.05.032
https://dx.doi.org/10.1016/j.jocn.2016.10.001
https://dx.doi.org/10.1016/j.jocn.2016.10.001
https://dx.doi.org/10.1097/BSD.0b013e3182706ce7
https://dx.doi.org/10.1097/BSD.0b013e3182706ce7
https://dx.doi.org/10.1097/BRS.0b013e3182022e04
https://dx.doi.org/10.1097/BRS.0b013e3182022e04

	Effect of Supplemental Fixation on Fusion and Subsidence After Lateral Lumbar Interbody Fusion
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Lateral lumbar interbody fusion procedure
	Outcomes
	Statistical analysis

	Results
	TABLE 1: Patient demographics and surgical characteristics.
	TABLE 2: Surgical and radiographic outcomes.
	Supplemental fixation group
	FIGURE 1: Illustrative lateral X-ray.

	Non-supplemental fixation group
	Supplemental fixation versus non-supplemental fixation

	Discussion
	Limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


