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Abstract

Background: Reports on the outcomes following instrumented anterior lumbar interbody fusion (ALIF) with
anterior plate fixation are limited. The aim of this study was to assess the clinical and radiographic
outcomes of patients undergoing ALIF with anterior plate fixation.

Methods: Medical records and radiographic imaging were reviewed for 100 patients who received ALIF with
anterior plate fixation between 2008 to 2021 and completed at least one year of follow-up and postoperative
imaging. Prospectively collected patient data included indication for surgery, BMI, age, number and location
of levels treated, complications, reoperation rates, fusion rate, and measurements of global lordosis, disc
space height, and segmental angulation.

Results: A total of 100 patients were included in this study. The mean length of follow-up was 81.37 months.
Changes in preoperative-to-postoperative Oswestry Disability Index (ODI) and Visual Analog Score (VAS)
demonstrated improvements of 30.86% and 18.56%, respectively. Major vascular injuries occurred in 3% of
the cases. A hardware failure rate of 5% was observed. The reoperation rate was 10%. The radiographic
fusion rate derived from computed tomography (CT) and plain film was 95.45% and 88.87%, respectively.
Postoperative global lordosis demonstrated a 6.08% increase. Postoperative segmental angulation
measurements increased by 57.74%. No statistically significant differences in clinical or radiographic
outcomes were observed based on the spine level of fusion or the number of fusions performed.

Conclusions: ALIF with anterior plate fixation achieved an adequate fusion rate with improvements in ODI
and VAS scores meeting minimal clinically important difference thresholds. Postoperative disc space heights
demonstrated significant improvements compared to preoperative measurements.
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Introduction

Over 350,000 patients in the United States receive an interbody spinal fusion, which is the most common
spinal procedure performed in the U.S. with an increase in volume of 62.3% from 2004 to 2015 [1]. Specific to
anterior lumbar interbody fusion (ALIF), Varshneya et al. identified a 68.5% increase in ALIF procedures
performed in the U.S. from 2007 to 2014 [2]. Over 35% of ALIF procedures are performed due to a primary
diagnosis of degenerative disc disease, 34.5% involve multilevel fusion, and 80.1% of all ALIF procedures
involve spinal instrumentation [2]. Prior to the twentieth century, achieving an instrumented anterior fusion
approach was not possible. However, in the early 2000s, instrumented ALIF became feasible due to
advancements in screw-locking systems to prevent backing out. A further innovation in the ALIF procedure
has been the introduction of anterior plating systems to provide additional anterior stabilization [3,4].
Nevertheless, due to the heterogeneity of implants and levels studied, more investigation is needed to assess
the effects of ALIF with anterior plating [5-8].

Both clinical and radiographic outcomes following ALIF are important to consider in the evaluation and
management of patients postoperatively [9]. Plain static radiographs and computed tomography (CT) are
commonly used for the assessment of postoperative fusion status and disc space measurements [9-11]. The
purpose of this study was twofold: to report the clinical outcomes of ALIF with anterior plating system for
treatment of degenerative disc disease, and to compare preoperative and postoperative plain film and CT
radiographic measurements of global lumbar lordosis, disc space height, segmental angulation, and extent
of radiographic fusion.

Materials And Methods
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Data collection

Following IRB approval (#5220032), medical and plain film radiographic records were retrieved for 100
patients who underwent single-level or multilevel ALIF with anterior plating (Aegis plate, DePuy Synthes,
Raynham, MA) between the years 2008 and 2021. Criteria for inclusion in this study were defined as patients
with at least a 12-month follow-up period as well as at least 12 months of available postoperative imaging.
Patients with spinal neoplasm or infection, below 18 or above 85 years of age, or without at least 12 months
of postoperative follow-up and radiographic imaging were excluded from review. Prospectively collected
clinical data included length of follow-up, preoperative diagnosis, age, body mass index (BMI), number of
treated levels, preoperative and postoperative Visual Analog Score (VAS) and Oswestry Disability Index
(ODI), instances of intraoperative or postoperative complications, malfunctions, or complications related to
the device or procedure, and the need and reason for revision after the index surgery. Minimum clinically
important difference (MCID) was defined as a > 30% change between preoperative and postoperative ODI
scores and a 1.2-point change between preoperative and postoperative VAS scores [12-16].

Radiographic assessment

Preoperatively, patients received lumbar and full-spine anteroposterior (AP) and standing neutral lateral
radiographs in a standardized standing position to exclude scoliosis and to measure spino-pelvic
parameters. Radiographic imaging was evaluated by a blinded, independent reviewer for several parameters
using the IMPAX6 picture archiving and communications system (Agfa-Gavaert, Mortsel, Belgium). These
radiographic parameters were the following preoperative and postoperative measurements: global lordosis
from L1-L5, segmental angulation, the extent of postoperative radiographic fusion, and the anterior, middle,
and posterior disc space height. Segmental angulation and anterior, middle, and posterior intervertebral disc
height measurements were recorded using standing neutral lateral radiographs (see Figure 1) [11,17,18]. The
extent of postoperative radiographic fusion was assessed using CT and/or plain film imaging, with the fusion
rate graded on the Cook et al. scale [19]. The presence of fusion was defined as evidence of bridging bone
connecting the adjacent vertebral bodies and an absence of radiolucent lines greater than 50% of the implant
site [11]. Global lordosis from L1-L5 was measured as the degree of angulation formed between the superior
endplate of the L1 vertebral body and the inferior endplate of the L5 vertebral body.

I Hpos Hmid | Hant

FIGURE 1: Radiographic Measurement of Intervertebral Disc Space
Height and Segmental Angulation.

Anterior disc space height (Hant) was measured as the vertical distance between the anterior inferior vertebral
endplate of the superior vertebral body and the anterior superior vertebral endplate of the inferior vertebral body.
Middle disc space height (Hmid) and posterior disc space height (Hpos) were similarly measured using the middle
and posterior vertebral endplates. Segmental angulation was measured as the degree of angulation (8) formed
between the endplates of the superior and inferior vertebral bodies.

Statistical analysis

All statistical analyses were performed using SPSS v. 28 (IBM Corp., Armonk, NY). Descriptive summary
statistics for all clinical and radiographic data utilized means and standard deviations for all continuous
data, and frequency counts and percentages for all categorical data. Paired sample t-tests were conducted to
determine differences between preoperative and postoperative clinical and radiographic continuous
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variables. A paired sample t-test was also employed to evaluate for differences between plain film and CT-
derived measurements of fusion status. Sex differences for all continuous variables were assessed using
independent sample t-tests with Levene’s test for equality of variances. Independent sample t-tests and
one-way analysis of variance (ANOVA) with posthoc Bonferroni and Tukey corrections were employed to
evaluate for differences in fusion rate across levels. All statistical analyses were two-tailed with an alpha
setting of 0.05 denoting statistical significance.

Results
Clinical outcomes

A total of 64 female and 36 male patients were included in this study. Of the total 100 patients, 79 received a
single-level fusion, 20 received a two-level fusion, and one patient received a three-level fusion, for a total
of 122 ALIF procedures performed. Per level, two procedures were conducted at L2-3, eight fusions were
performed at L3-4, 40 fusions were performed at L4-5, and 72 fusions were performed at L5-S1. rhBMP-2
was used for all procedures.

The mean patient age at the time of surgery was 50.66 * 13.33 years. The mean length of follow-up was 81.37
+30.58 months, and the mean patient BMI was 29.26 * 6.91 kg/m2. Mean preoperative ODI and VAS scores
were 52.63 and 6.52, respectively. Mean postoperative ODI and VAS scores were 36.38 and 5.31, representing
score decreases of 16.25 (30.86%) and 1.21 (18.56%) compared to baseline preoperative scores. The major
vascular injury rate was 3%. No postoperative infections were encountered. A hardware failure rate of 5%
was observed. The reoperation rate was 10%, with device malfunction events described in 50% of all
incidents of reoperation. No sex differences were observed with respect to any clinical or radiographic
outcomes. No statistically significant differences in clinical or radiographic outcomes were observed based
on disc level of fusion (L2-3, L3-4, L4-5, or L5-S1) or number of fusions performed (single- versus multi-
level).

Radiographic outcomes

Among the fusion procedures with available CT imaging for assessment (n = 56), the mean radiographic
fusion rate as derived from CT was 95.45% = 19.00%. Among the fusions with available plain film imaging for
assessment (n = 128), the mean radiographic fusion rate as assessed using plain film imaging was 88.87% +
21.46%. When comparing plain film and CT-derived fusion rates among patients with both forms of imaging
available (n = 56), a significant difference in radiographic fusion rate was not observed between modalities
(p = 0.289). With respect to mean anterior, middle, and posterior intervertebral disc height, postoperative
measurements demonstrated increases of 70.36%, 51.78%, and 51.45% compared to baseline preoperative
measures. Mean postoperative global lordosis demonstrated a 6.08% increase compared to preoperative
global lordosis. Mean postoperative segmental angulation measurements increased by 57.74% compared to
preoperative angulation values. Table I details the mean preoperative and postoperative radiographic
measurements with respect to global lordosis, segmental angulation, and intervertebral disc height at the
anterior, middle, and posterior sections of the disc space.

Comparison of Preoperative and Postoperative Radiographic Measurements

Radiographic measure Preoperative Postoperative Mean difference p-value
Global lordosis 47.67° 50.57° 2.9° 0.092

Segmental angulation 8.69° 15.05° 6.36° <.001>
Anterior disc space height 9.38 mm 15.98 mm 6.60 mm <.001>
Middle disc space height 7.57 mm 11.49 mm 3.92 mm <.001>
Posterior disc space height 4.82 mm 7.30 mm 2.48 mm <.001>

TABLE 1: Comparison of Preoperative and Postoperative Radiographic Measurements

Discussion

This study contributes to the literature by reporting the clinical and radiographic outcomes of 100 patients
who underwent single-level or multilevel ALIF with anterior plate fixation. Assessing radiographic fusion
rate using CT and plain film imaging, our study was also rigorous in its detailing with respect to evaluating
anterior, middle, and posterior disc space height, and differences in radiographic and clinical measurements
with respect to disc level and number of levels fused.
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Clinical outcomes

Regarding the reoperation rate, our observed reoperation rate of 10% was within the range reported in the
existing literature. Irmola et al. and Deyo et al. reported rates for lumbar spinal fusion ranging from 9.8% to
12.5% [20,21]. Previous literature has demonstrated vascular injury rates ranging from 1.9% to 4.6% [22-
25]. We observed a 3% rate of major vascular injury.

While our study only observed mean improvements in ODI and VAS scores of 16.25 and 1.21, respectively,
both the ODI and VAS patient scores in this study met MCID parameters. In the literature, Szadkowski et al.
found lower back and leg VAS score improvements of 2.4 and 1.7 and mean ODI improvement of 23.3 points
following standalone ALIF at L5-S1 using anterior plate fixation, while Norotte and Barrios demonstrated a
mean ODI improvement of 39 points after a two-year follow-up [26,27]. Our more modest findings may be
attributed to the fact that our study conducted a longer follow-up period with an average of 81.37 + 30.58
months.

Radiographic outcomes

Radiographic findings demonstrated statistically significant differences in preoperative versus postoperative
measurements with respect to segmental angulation as well as anterior, middle, and posterior intervertebral
disc height. While the literature is sparse with respect to measurements of the middle intervertebral disc
height, our findings with respect to anterior and posterior disc height are concurrent with the literature [28-
31]. Matsumura et al. observed significant differences in preoperative versus postoperative disc space height
with mean differences of 10.0 mm and 6.5 mm for anterior and posterior measurements, respectively.
Matsumura et al. also evaluated segmental angulation and reported a mean preoperative-to-postoperative
difference of 7.3°. Evaluating standalone ALIF among patients with degenerative disc disease and two years
of follow-up, Lammli et al. observed significant differences in preoperative versus postoperative disc space
height ranging from 2.84 - 3.74 mm. The values demonstrated in our study are in between those of
Matsumura et al. and Lammli et al. as our observed values were 6.36° for segmental angulation, and 6.60
mm, 3.92 mm, and 2.48 mm for anterior, middle, and postoperative disc heights, respectively. However, our
values are similar compared to those reported in the systematic review of standalone ALIF outcomes by
Giang et al., which reported mean values of 7.9° for segmental angulation, 7.1 mm for anterior disc height,
and 2.8 mm for posterior disc height [32].

Our study is unique in that we evaluated the effects of disc level and the number of levels fused on clinical
and radiographic outcomes. While future multicenter research will be required to further explore this topic,
our initial findings did not observe any statistically significant differences (positive or negative) in clinical
or radiographic outcomes based on disc level or number of levels fused.

Regarding the radiographic fusion rate, our study utilized both plain film and CT imaging modalities for the
assessment of fusion. Fusion assessment is difficult to compare across clinical studies due to heterogeneity
in definitions of fusion criteria, levels fused, and devices utilized intraoperatively [33]. While some studies
require bridging bone and no motion in lateral flexion and extension radiographs, others allow up to 5° of
vertebral motion [19]. A systematic review by Manzur et al. demonstrated that the rate of fusion for
standalone anterior lumbar interbody fusion is generally high, though the exact success rate varies according
to factors such as the surgical approach, implants, and bone graft options utilized intraoperatively [34]. The
cumulative effect of these factors can result in wide variations in the reported incidence of bony fusion.
Nevertheless, our observed fusion rate as derived from either CT or plain film was higher than the rate of
79.8% reported in the systematic review by Giang et al [32]. Furthermore, our study is unique in that we
analyzed the rate of fusion based on both CT and plain film radiographic imaging and compared the derived
rates from both modalities. Our consistent usage of rhBMP-2 may contribute to the high fusion rate observed
in our study compared to other reports.

Limitations

Our study is not without several limitations. The retrospective, chart-based nature of our data collection
could limit the completeness of documentation in our study and potentially introduce underreporting of
minor complications such as superficial wound infections or hematomas. In addition, this study may not
have been sufficiently powered when conducting subanalyses including per disc level and per number of
levels fused. Future research and meta-analyses will be required to fully understand these subgroups.
Finally, regarding global lordosis, we observed a mean increase in global lordosis of 6.08%. While this rate is
consistent with the current literature, nevertheless, this finding was not sufficiently powered to denote
statistical significance [7,35].

Conclusions

This study reports the clinical and radiographic outcomes of 100 patients undergoing single-level or
multilevel anterior lumbar interbody fusion with anterior plate fixation. The study observed a fusion rate of
95.45% as assessed on CT imaging, and a rate of 88.87% derived from plain film imaging. ALIF with anterior
plate fixation demonstrates adequate MCID improvements in ODI and VAS scores. The reoperation rate was
10%, with device malfunction events described in 50% of all incidents of reoperation. Five patients
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experienced hardware failure. Around 3% of patients experienced a major vascular injury. With respect to
mean anterior, middle, and posterior intervertebral disc height, postoperative measurements demonstrated
increases of 70.36%, 51.78%, and 51.45% compared to baseline preoperative measures. Mean postoperative
segmental angulation measurements increased by 57.74% compared to preoperative angulation values.

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: Jacob Razzouk, Davis Carter, Omar Ramos , Wayne Cheng

Acquisition, analysis, or interpretation of data: Jacob Razzouk, Daniel Cheng, Davis Carter, Shaurya
Mehta

Drafting of the manuscript: Jacob Razzouk, Daniel Cheng, Davis Carter, Shaurya Mehta

Critical review of the manuscript for important intellectual content: Jacob Razzouk, Omar Ramos ,
Wayne Cheng

Supervision: Wayne Cheng

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Loma Linda University
Institutional Review Board issued approval 5220032. This protocol is determined to be exempt from IRB
approval as outlined in federal regulations for the protection of human subjects, 45 CFR Part 46.104(d)(4).
Stipulations of approval: HIPAA authorization waived per 45 CFR 164.512 (i)(2)(ii). 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: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Martin BI, Mirza SK, Spina N, Spiker WR, Lawrence B, Brodke DS: Trends in lumbar fusion procedure rates
and associated hospital costs for degenerative spinal diseases in the United States, 2004 to 2015. Spine
(Phila Pa 1976). 2019, 44:369-76. 10.1097/BRS.0000000000002822

2. Varshneya K, Medress ZA, Jensen M, et al.: Trends in anterior lumbar interbody fusion in the United States:
a MarketScan study from 2007 to 2014. Clin Spine Surg. 2020, 33:E226-30. 10.1097/BSD.0000000000000904

3. Beaubien BP, Derincek A, Lew WD, Wood KB: In vitro, biomechanical comparison of an anterior lumbar
interbody fusion with an anteriorly placed, low-profile lumbar plate and posteriorly placed pedicle screws or
translaminar screws. Spine (Phila Pa 1976). 2005, 30:1846-51. 10.1097/01.brs.0000174275.95104.12

4.  Gerber M, Crawford NR, Chamberlain RH, Fifield MS, LeHuec JC, Dickman CA: Biomechanical assessment of
anterior lumbar interbody fusion with an anterior lumbosacral fixation screw-plate: comparison to stand-
alone anterior lumbar interbody fusion and anterior lumbar interbody fusion with pedicle screws in an
unstable human cadaver model. Spine (Phila Pa 1976). 2006, 31:762-8. 10.1097/01.brs.0000206360.83728.d2

5. Siepe CJ, Stosch-Wiechert K, Heider F, et al.: Anterior stand-alone fusion revisited: a prospective clinical, X-
ray and CT investigation. Eur Spine J. 2015, 24:838-51. 10.1007/500586-014-3642-y

6. Lee CW, Yoon KJ, Ha SS: Which approach is advantageous to preventing development of adjacent segment
disease? Comparative analysis of 3 different lumbar interbody fusion techniques (ALIF, LLIF, and PLIF) in
L4-5 spondylolisthesis. World Neurosurg. 2017, 105:612-22. 10.1016/j.wneu.2017.06.005

7. Kim CH, Chung CK, Park SB, Yang SH, Kim JH: A change in lumbar sagittal alignment after single-level
anterior lumbar interbody fusion for lumbar degenerative spondylolisthesis with normal sagittal balance.
Clin Spine Surg. 2017, 30:291-6. 10.1097/BSD.0000000000000179

8. Malham GM, Parker RM, Blecher CM, Chow FY, Seex KA: Choice of approach does not affect clinical and
radiologic outcomes: a comparative cohort of patients having anterior lumbar interbody fusion and patients
having lateral lumbar interbody fusion at 24 months. Global Spine J. 2016, 6:472-81. 10.1055/5-0035-
1569055

9. Santos ER, Goss DG, Morcom RK, Fraser RD: Radiologic assessment of interbody fusion using carbon fiber
cages. Spine (Phila Pa 1976). 2003, 28:997-1001. 10.1097/01.BRS.0000061988.95175.74

10. Lee DD, KimJY: A comparison of radiographic and clinical outcomes of anterior lumbar interbody fusion
performed with either a cellular bone allograft containing multipotent adult progenitor cells or recombinant
human bone morphogenetic protein-2. ] Orthop Surg Res. 2017, 12:126. 10.1186/513018-017-0618-8

11.  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. ] Neurosurg Spine. 2013, 19:110-8.

2024 Razzouk et al. Cureus 16(2): €55139. DOI 10.7759/cureus.55139 50f6


https://dx.doi.org/10.1097/BRS.0000000000002822?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BRS.0000000000002822?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BSD.0000000000000904?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BSD.0000000000000904?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.brs.0000174275.95104.12?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.brs.0000174275.95104.12?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.brs.0000206360.83728.d2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.brs.0000206360.83728.d2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00586-014-3642-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00586-014-3642-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2017.06.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2017.06.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BSD.0000000000000179?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BSD.0000000000000179?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/s-0035-1569055?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/s-0035-1569055?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.BRS.0000061988.93175.74?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.BRS.0000061988.93175.74?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13018-017-0618-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13018-017-0618-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2013.4.SPINE12319?utm_medium=email&utm_source=transaction

Cureus

12.

13.

14.

15.

16.

17.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

10.3171/2013.4.SPINE12319

Vieli M, Staartjes VE, Eversdjik HA, De Wispelaere MP, Oosterhuis JW, Schréoder ML: Safety and efficacy of
anterior lumbar interbody fusion for discogenic chronic low back pain in a short-stay setting: data from a
prospective registry. Cureus. 2019, 11:e5332. 10.7759/cureus.5332

Seuk JW, Bae ], Shin SH, Lee SH: Long-term minimum clinically important difference in health-related
quality of life scores after instrumented lumbar interbody fusion for low-grade isthmic spondylolisthesis.
World Neurosurg. 2018, 117:e493-9. 10.1016/j.wneu.2018.06.063

Copay AG, Glassman SD, Subach BR, Berven S, Schuler TC, Carreon LY: Minimum clinically important
difference in lumbar spine surgery patients: a choice of methods using the Oswestry Disability Index,
Medical Outcomes Study questionnaire Short Form 36, and pain scales. Spine J. 2008, 8:968-74.
10.1016/j.spinee.2007.11.006

Carreon LY, Bratcher KR, Canan CE, Burke LO, Djurasovic M, Glassman SD: Differentiating minimum
clinically important difference for primary and revision lumbar fusion surgeries. ] Neurosurg Spine. 2013,
18:102-6. 10.3171/2012.10.SPINE12727

Hijji FY, Narain AS, Bohl DD, Yom KH, Kudaravalli KT, Lopez GD, Singh K: Risk factors associated with
failure to reach minimal clinically important difference in patient-reported outcomes following minimally
invasive transforaminal lumbar interbody fusion for spondylolisthesis. Clin Spine Surg. 2018, 31:E92-7.
10.1097/BSD.0000000000000543

Cheung KM, Zhang YG, Lu DS, Luk KD, Leong JC: Reduction of disc space distraction after anterior lumbar
interbody fusion with autologous iliac crest graft. Spine (Phila Pa 1976). 2003, 28:1385-9.
10.1097/01.BRS.0000067093.47584.CA

Choi JY, Sung KH: Subsidence after anterior lumbar interbody fusion using paired stand-alone rectangular
cages. Eur Spine J. 2006, 15:16-22. 10.1007/s00586-004-0817-y

Cook SD, Patron LP, Christakis PM, Bailey K], Banta C, Glazer PA: Comparison of methods for determining
the presence and extent of anterior lumbar interbody fusion. Spine (Phila Pa 1976). 2004, 29:1118-23.
10.1097/00007632-200405150-00013

Irmola TM, Hékkinen A, Jarvenp@a S, Marttinen I, Vihtonen K, Neva M: Reoperation Rates Following
Instrumented Lumbar Spine Fusion. Spine (Phila Pa 1976). 2018, 43:295-301.
10.1097/BRS.0000000000002291

Deyo RA, Martin BI, Ching A, Tosteson AN, Jarvik JG, Kreuter W, Mirza SK: Interspinous spacers compared
with decompression or fusion for lumbar stenosis: complications and repeat operations in the Medicare
population. Spine (Phila Pa 1976). 2013, 38:865-72. 10.1097/BRS.0b013e31828631b8

Brau SA, Delamarter RB, Schiffman ML, Williams LA, Watkins RG: Vascular injury during anterior lumbar
surgery. Spine J. 2004, 4:409-12. 10.1016/j.spinee.2003.12.003

Quraishi NA, Konig M, Booker SJ, et al.: Access related complications in anterior lumbar surgery performed
by spinal surgeons. Eur Spine J. 2013, 22 Suppl 1:516-20. 10.1007/s00586-012-2616-1

Hamdan AD, Malek JY, Schermerhorn ML, Aulivola B, Blattman SB, Pomposelli FB Jr: Vascular injury during
anterior exposure of the spine. | Vasc Surg. 2008, 48:650-4. 10.1016/j.jvs.2008.04.028

Sasso RC, Kenneth Burkus J, LeHuec JC: Retrograde ejaculation after anterior lumbar interbody fusion:
transperitoneal versus retroperitoneal exposure. Spine (Phila Pa 1976). 2003, 28:1023-6.
10.1097/01.BRS.0000062965.47779.EB

Szadkowski M, d'Astorg H, Bouhali H, Aleksic I, Ramos-Pascual S, Fiére V: Outcomes of stand-alone anterior
lumbar interbody fusion of L5-S1 using a novel implant with anterior plate fixation. Spine J. 2020, 20:1618-
28.10.1016/j.spinee.2020.05.555

Norotte G, Barrios C: Clinical and radiological outcomes after stand-alone ALIF for single L5-S1
degenerative discopathy using a PEEK cage filled with hydroxyapatite nanoparticles without bone graft. Clin
Neurol Neurosurg. 2018, 168:24-9. 10.1016/j.clineuro.2018.01.037

Matsumura A, Taneichi H, Suda K, Kajino T, Moridaira H, Kaneda K: Comparative study of radiographic disc
height changes using two different interbody devices for transforaminal lumbar interbody fusion: open box
vs. fenestrated tube interbody cage. Spine (Phila Pa 1976). 2006, 31:E871-6.
10.1097/01.brs.0000244593.86975.27

Lammli J, Whitaker MC, Moskowitz A, et al.: Stand-alone anterior lumbar interbody fusion for degenerative
disc disease of the lumbar spine: results with a 2-year follow-up. Spine (Phila Pa 1976). 2014, 39:E894-901.
10.1097/BRS.0000000000000393

Pavlov PW, Meijers H, van Limbeek ], Jacobs WC, Lemmens JA, Obradov-Rajic M, de Kleuver M: Good
outcome and restoration of lordosis after anterior lumbar interbody fusion with additional posterior
fixation. Spine (Phila Pa 1976). 2004, 29:1893-9; discussion 1900. 10.1097/01.brs.0000137067.68630.70
Jaeger A, Giber D, Bastard C, Thiebaut B, Roubineau F, Flouzat Lachaniette CH, Dubory A: Risk factors of
instrumentation failure and pseudarthrosis after stand-alone L5-S1 anterior lumbar interbody fusion: a
retrospective cohort study. ] Neurosurg Spine. 2019, 31:338-46. 10.3171/2019.3.SPINE181476

Giang G, Mobbs R, Phan S, Tran TM, Phan K: Evaluating outcomes of stand-alone anterior lumbar interbody
fusion: a systematic review. World Neurosurg. 2017, 104:259-71. 10.1016/j.wneu.2017.05.011

McAfee PC, Boden SD, Brantigan JW, et al.: Symposium: a critical discrepancy-a criteria of successful
arthrodesis following interbody spinal fusions. Spine (Phila Pa 1976). 2001, 26:320-34. 10.1097/00007632-
200102010-00020

Manzur M, Virk SS, Jivanelli B, et al.: The rate of fusion for stand-alone anterior lumbar interbody fusion: a
systematic review. Spine J. 2019, 19:1294-301. 10.1016/j.spinee.2019.03.001

Flouzat-Lachaniette CH, Ratte L, Poignard A, Auregan JC, Queinnec S, Hernigou P, Allain J: Minimally
invasive anterior lumbar interbody fusion for adult degenerative scoliosis with 1 or 2 dislocated levels. |
Neurosurg Spine. 2015, 23:739-46. 10.3171/2015.3.SPINE 14772

2024 Razzouk et al. Cureus 16(2): €55139. DOI 10.7759/cureus.55139

6 0of 6


https://dx.doi.org/10.3171/2013.4.SPINE12319?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.5332?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.5332?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2018.06.063?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2018.06.063?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.spinee.2007.11.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.spinee.2007.11.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2012.10.SPINE12727?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2012.10.SPINE12727?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BSD.0000000000000543?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BSD.0000000000000543?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.BRS.0000067093.47584.CA?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.BRS.0000067093.47584.CA?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00586-004-0817-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00586-004-0817-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00007632-200405150-00013?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00007632-200405150-00013?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BRS.0000000000002291?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BRS.0000000000002291?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BRS.0b013e31828631b8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BRS.0b013e31828631b8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.spinee.2003.12.003?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.spinee.2003.12.003?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00586-012-2616-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00586-012-2616-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jvs.2008.04.028?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jvs.2008.04.028?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.BRS.0000062965.47779.EB?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.BRS.0000062965.47779.EB?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.spinee.2020.05.555?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.spinee.2020.05.555?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.clineuro.2018.01.037?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.clineuro.2018.01.037?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.brs.0000244593.86975.27?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.brs.0000244593.86975.27?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BRS.0000000000000393?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BRS.0000000000000393?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.brs.0000137067.68630.70?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.brs.0000137067.68630.70?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2019.3.SPINE181476?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2019.3.SPINE181476?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2017.05.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.wneu.2017.05.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00007632-200102010-00020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00007632-200102010-00020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.spinee.2019.03.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.spinee.2019.03.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2015.3.SPINE14772?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2015.3.SPINE14772?utm_medium=email&utm_source=transaction

	Clinical and Radiographic Outcomes of Anterior Lumbar Interbody Fusion With Anterior Plate Fixation
	Abstract
	Introduction
	Materials And Methods
	Data collection
	Radiographic assessment
	FIGURE 1: Radiographic Measurement of Intervertebral Disc Space Height and Segmental Angulation.

	Statistical analysis

	Results
	Clinical outcomes
	Radiographic outcomes
	TABLE 1: Comparison of Preoperative and Postoperative Radiographic Measurements


	Discussion
	Clinical outcomes
	Radiographic outcomes
	Limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


