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Background and Objective: Anterior lumbar interbody fusion (ALIF) has become a pivotal technique in 
managing chronic back pain, radiculopathy, neurogenic claudication, and spinal deformity. This review aims 
to compare ALIF with other fusion methods, highlight its advantages and disadvantages, and provide surgical 
insights to enhance perioperative outcomes.
Methods: A comprehensive literature search was conducted using databases such as PubMed, Embase, 
and Cochrane Library, focusing on publications from the past two decades. Articles were selected based on 
relevance, study design, and the inclusion of key perioperative considerations and surgical techniques. Only 
English-language studies were considered.
Key Content and Findings: This review examines the historical evolution of ALIF, its current clinical 
applications, and the development of associated surgical techniques. It discusses preoperative evaluations, 
imaging strategies, and patient selection criteria. Key findings highlight that ALIF offers superior disc 
height restoration and segmental lordosis compared to other fusion techniques. However, it presents unique 
challenges such as potential vascular and visceral injuries. The review also outlines critical surgical pearls for 
effective ALIF execution and strategies to mitigate common complications like subsidence and nerve root 
injuries.
Conclusions: ALIF is a robust technique for lumbar spine pathology, providing significant benefits in 
appropriate patient populations. This review underscores the importance of meticulous surgical planning 
and technique to optimize outcomes. Future research should focus on long-term comparative studies and 
the development of enhanced surgical instruments and protocols. Implementing these insights into clinical 
practice may improve patient outcomes and influence surgical guidelines and policies.
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Introduction

Lumbar interbody fusion (LIF) is a well-established 
treatment for spinal disorders, including degenerative 
pathologies, deformity, trauma, infection, and neoplasia (1).  
Common indications for LIF include discogenic back 
pain, neurogenic claudication, radiculopathy, symptomatic 
spondylolisthesis, and scoliosis (2). LIF uses a structural 
interbody graft, such as an allograft or metallic cage, inserted 
into the intervertebral disc space to stabilize motion, 
restore disc height, and promote bony arthrodesis (2).  
It is often performed alongside surgical decompression 
techniques like discectomy and bony resection.

Anterior and lateral approaches have gained attention 
for their smaller incisions, reduced postoperative pain, 
and shorter recovery times. The anterior LIF (ALIF) is 
commonly used to access the L5/S1 and L4/L5 disc spaces 
without entering the spinal canal or neural foramina. 
Surgeons can achieve indirect decompression with ALIF, 
often avoiding the need for posterior decompression, which 
in deformity or severe degenerative cases carries risks of 
iatrogenic damage to the dura mater and nerve roots (3). 
The technique also allows greater disc resection and easier 
endplate preparation (2,4,5). Additionally, ALIF preserves 
the paraspinal muscles and posterior ligamentous structures 
critical for spinal stability (6). While ALIF is a valuable 
tool for spinal surgery, it requires a skilled approach due 
to its proximity to critical neurovascular and soft tissue 
structures. Thus, thorough understanding and execution 
are essential for safe surgery. This review discusses the 
modern application of ALIF with a specific emphasis on 
perioperative and intraoperative management as well as 
surgical pearls that can be practically implemented by spine 
surgeons. We present this article in accordance with the 
Narrative Review reporting checklist (available at https://
jss.amegroups.com/article/view/10.21037/jss-24-85/rc).

Methods

The search strategy involved a comprehensive review of 
literature from three primary databases: PubMed, Embase, 
and Cochrane Library. The search terms included both 
MeSH terms and free text words such as “anterior lumbar 
interbody fusion (ALIF)”, “lumbar spine surgery”, “spinal 
fusion outcomes”, “perioperative considerations”, and 
“surgical techniques”. The timeframe for the search was set 
from 1990 to 2024.

Inclusion criteria comprised peer-reviewed articles, 

studies in English, case reports/series, and those involving 
human subjects. Non-English articles were excluded 
from the review. The selection process was carried out 
independently by two reviewers to ensure objectivity and 
thoroughness. Any discrepancies in the selection process 
were resolved through discussion and reaching a consensus 
(Table 1).

This structured approach ensured a comprehensive 
and balanced review of the current literature on the 
modern application of ALIF, focusing on perioperative 
considerations and surgical pearls.

Development of ALIF

In 1935, Capener first described the anterior method for 
inserting a bone graft spacer to treat spondylolisthesis (7), 
though some argued it caused excessive surgical trauma (8). 
Surgeons like Phan and Mercer later reported successful 
corrections using this technique (9,10). Stabilization of the 
spinal segment prevented further slippage, resulting in pain 
relief and improved function, with radiographic evidence 
of fusion. Iwahara introduced a retroperitoneal method in 
1944 (11), and by 1948, Lane and Moore reported a 94% 
clinical success rate in treating lumbar disc disease using 
ALIF, despite a fusion rate of only 54% with allogenic bone 
grafts (12). Hodgson and Stock applied this approach to 
treat Pott’s disease, which laid the foundation for modern 
ALIF surgery involving necrotic tissue debridement, 
spinal decompression, and insertion of corticocancellous 
bone blocks (13,14). Cloward used similar methods with 
cylindrical dowels, influencing later surgeons like Harmon 
and Sacks, who favored anterior fusion (15-17). O’Brien 
et al. proposed using trapezoid blocks, which evolved into 
a hybrid strategy with biologic cages made from femoral 
cortical allografts filled with cancellous bone (18).

In the 1970s and 1980s, the use of stand-alone ALIF 
increased, with varied surgical approaches and differing 
fusion success rates. ALIF with posterior fusion as a 
supplementary technique gained popularity. However, 
there is still debate about the superiority of posterior 
supplemented ALIF vs. stand-alone ALIF for lumbar 
degenerative spine disease (10). Advancements in ALIF 
technology, including the development of implant cages and 
devices to restore disc height and enhance stability, have 
continued. Anterior spinal instrumentation has improved 
mechanical stability and fusion rates (19). Interbody cages 
have evolved in material, shape, and size, with newer 
devices featuring porous structures to promote fusion (20).  

https://jss.amegroups.com/article/view/10.21037/jss-24-85/rc
https://jss.amegroups.com/article/view/10.21037/jss-24-85/rc
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Some interbody devices used in anterior approaches may 
include plate fixation or integrated screws, improving 
stabilization without repositioning or posterolateral fusion. 
Biomechanical data indicates improved structural rigidity 
with the addition of pedicle screw fixation (10).

Indications and contraindications

Indications

ALIF is indicated for various conditions, emphasizing 
careful patient selection after exhausting conservative 
treatments. Patients with refractory low back pain, with or 
without radicular pain, may benefit from ALIF depending 
on the underlying pathology. ALIF is particularly effective 
in treating spondylolisthesis, including isthmic and 
degenerative types (21). For isthmic subluxation, where 
there is a pars interarticularis defect, ALIF reduces the 
slipped vertebra and promotes stability with incorporated 
screws, forming a fused segment. In degenerative 
spondylolisthesis, ALIF has higher fusion rates, superior 
outcomes, and fewer neurological deficits compared to 
posterior decompression for grade I and II cases (22).

ALIF is also indicated for disc pathology such as 
degenerative disc disease (DDD) and discitis. It alleviates 
DDD symptoms by removing the degenerated disc, 
restoring disc height, and improving biomechanical stability 
(23,24). Since disc height loss reduces neuroforamen size, 
ALIF helps decompress the nerve root by enlarging the 
foramen, addressing radiculopathy (25). Disc pathology 
can also cause vertebral translation and posterior disc 
bulging. These factors contribute to central spinal stenosis 
and neurogenic claudication, and ALIF can decompress 

the canal by removing degenerative material, restoring 
disc height, and stabilizing the segment (26). Indirect 
decompression via ALIF is often sufficient for symptom 
relief, potentially eliminating the need for posterior 
decompression (27). However, careful preoperative and 
intraoperative assessment is required for each case (22).

Pseudoarthrosis, or failed spinal fusion, is another 
indication for ALIF. ALIF improves the fusion environment 
and corrects previous fusion failures. It is often used to 
augment posterior fusion to achieve circumferential fusion, 
offering excellent disc space access and thorough endplate 
preparation with larger grafts (28). ALIF is also beneficial 
for adjacent segment disease, reducing motion and 
providing additional fusion in revision surgeries.

ALIF is a valuable tool in deformity correction, 
particularly for pelvic incidence-lumbar lordosis (PI-LL) 
mismatch and sagittal deformity correction (29). The 
lower lumbar segments contribute most of the lumbar 
lordosis, and ALIF’s access to the L4–L5 and L5–S1 spaces, 
combined with the ability to remove anterior osteophytes 
and the ossified anterior longitudinal ligament (ALL), make 
it effective for restoring lumbar alignment. In degenerative 
scoliosis, ALIF helps correct coronal malalignment by 
releasing contracted tissues, removing osteophytes, and 
distracting the intervertebral space (30). Other ALIF 
indications include Pott’s disease, recurrent lumbar 
disc herniation, post-discectomy collapse, dislocation, 
and trauma-induced disc rupture (21), highlighting the 
versatility of ALIF across spinal pathologies.

Contraindications

Contraindications to ALIF include conditions and 

Table 1 Search strategy summary

Items Specifications

Date of search December 1, 2023–April 1, 2024

Databases and other sources searched PubMed, Embase, Cochrane Library

Search terms used Anterior lumbar interbody fusion (ALIF), lumbar spine surgery, spinal fusion outcomes, 
perioperative considerations, surgical techniques

Timeframe 1990–2024

Inclusion and exclusion criteria Inclusion: peer-reviewed articles, studies in English, human subjects, case reports/series

Exclusion: non-English articles

Selection process Selection was conducted independently by two reviewers, discrepancies were resolved through 
discussion and consensus
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comorbidities that significantly increase the risk of 
complications. These include active infection at the surgical 
site, severe cardiovascular disease, and unstable medical 
conditions like poorly controlled diabetes or coagulation 
disorders. Allergic reactions to metals or bone graft 
materials are also absolute contraindications. Pregnancy, 
severe obesity, and severe vascular disease are additional 
factors that discourage ALIF (31). Aorto-iliac aneurysms 
are a strong vascular contraindication due to the complexity 
of artery displacement. Anatomical variations, whether 
vascular or urologic, may complicate the spinal approach, 
underscoring the importance of preoperative imaging.

Relative contraindications indicate increased risk but do 
not fully exclude the procedure. Organ defects and extreme 
obesity fall into this category, as the prone position for 
ALIF may be less tolerated by patients with respiratory 
insufficiency. Caution is advised in patients with a history of 
phlebitis or pulmonary embolism, particularly with anterior 
approaches to L4/L5 requiring venous mobilization (32). A 
history of radiation therapy, especially involving the aorto-
iliac lymph node chains, is another relative contraindication. 
Direct posterior decompression may be needed in some 
cases, though an anterior fusion-reduction stage can still be 
performed (3). While most disc herniations can be treated 
with an anterior approach, extruded hernias may still 
require posterior intervention (3).

Preoperative evaluation

A thorough preoperative evaluation, including a detailed 
patient history, physical exam, and review of radiographic 
and advanced imaging studies, is crucial in properly 
selecting patients for ALIF surgery. A comprehensive 
medical history must identify factors that could impact 
the procedure, such as prior abdominal or spine surgery, 
infection, or clotting disorders. Understanding the patient’s 
back and lower extremity symptoms is key. This includes 
distinguishing between mechanical axial pain, radicular 
pain, and claudicatory pain, which is important for 
diagnosing the underlying spine pathology. Mechanical pain 
often originates from structural issues in the spine, such as 
degenerative changes or instability. In contrast, radicular 
pain, associated with nerve root compression, radiates along 
a specific nerve dermatome and may involve numbness, 
tingling, or weakness. Neurogenic claudication typically 
presents as posterior thigh pain, weakness, or numbness 
during walking or standing, often due to central spinal 
stenosis.

Careful history-taking, combined with a physical exam 
and imaging review, helps differentiate these pain types and 
guide treatment options, improving the success of ALIF. It 
also helps determine the need for concomitant procedures. 
The patient’s posture is assessed to detect deformities 
such as scoliosis, kyphosis, or sagittal imbalance. Prior 
abdominal surgeries or spine procedures should be noted. 
Gait observation helps identify compensatory movements 
or neurodegenerative conditions like Parkinson’s. 
Identifying conditions such as hip or knee arthritis is also 
important, as these may confound the pain distribution. 
The exam continues with palpation of the spine to check 
for tenderness or deformities, and of the abdomen to check 
for hernias or prior mesh placements relevant to surgical 
planning. The exam concludes with an assessment of the 
pelvis and hips.

A thorough neurologic examination is essential in the 
preoperative assessment, focusing on the lumbar spine and 
lower extremities. This includes motor grading to identify 
weakness from nerve root compression, sensory evaluation 
of dermatomes using light touch and pinprick, and reflex 
testing (e.g., patellar and Achilles reflexes) to assess nerve 
root function. Tests like the Straight Leg Raise help identify 
sciatic nerve irritation and lumbar nerve involvement.

Careful consideration of vascular factors is essential to 
minimize complications and ensure patient safety. Screening 
for an abdominal aortic aneurysm (AAA) is critical, as an 
AAA may require changes to the surgical plan (33). The 
evaluation should also include lower limb perfusion, review 
of conditions such as peripheral artery disease (PAD), and 
a thorough examination of peripheral pulses and signs of 
compromised blood flow. Dislodging calcifications within 
the great vessels during surgery can lead to distal embolic 
events and limb ischemia. It is important to differentiate 
symptoms of vascular claudication from neurogenic 
claudication preoperatively.

Imaging

X-ray

Preoperative imaging plays a pivotal role in the planning 
and execution of ALIF, employing X-rays to offer a 
comprehensive assessment of the lumbar spine. The 
primary purpose is to gain insights into both coronal and 
sagittal spinal alignment and stability while evaluating 
for degenerative changes, disc height loss, deformities, 
or fractures. Various types of X-rays are recommended 
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during preop evaluation; these include anterior-posterior 
(AP) and lateral views, flexion, and extension views of the 
lumbar spine, and full-length scoliosis films (Figure 1A-1D).  
It also allows for assessment of spino-pelvic parameters 
which can assist in setting appropriate correction targets 
with ALIF and other concomitant procedures. Crucially, 
the imaging aids in identifying signs of instability such 
as spondylolisthesis (Figure 2). Additionally, these X-rays 
serve the purpose of locating and assessing hardware from 
previous surgeries.

CT scan

CT scans serve a pivotal role in providing a comprehensive 
assessment of the lumbar spine’s bony structures and 
facet joints. This imaging modality plays a crucial role in 
evaluating the degree of disc degeneration, identifying spinal 
stenosis, and can serve as a useful tool when assessing the 
bony patency (or lack thereof) of neural foramina (Figure 3A).  
The presence and extent of disc degeneration can be 
scrutinized, such as identifying vacuum disc phenomenon 

A B

C D

Figure 1 Panel of preoperative radiographs views. (A) AP. (B) Lateral. (C) Extension. (D) Flexion views. AP, anteroposterior.
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Figure 2 Lateral radiograph of degenerative spondylolisthesis of 
L4 on L5. Black arrow pointing out retrolisthesis.

Figure 3 Preoperative CT scan of the lumbar spine. (A) Sagittal view with yellow arrows demonstrating loss of foramen patency secondary 
to degenerative changes and collapse disc spaces. The red asterisk denotes degenerative vacuum disc phenomenon. (B) Axial view 
demonstrating arthritic changes anteriorly. White triangles denoting disc osteophyte complex position in both the sagittal and axial views. 
CT, computed tomography.

(Figure 3A), which aids in localization of pathological 
changes that  may be s ignif icant pain generators. 
Furthermore, the CT scan allows for the identification of 
additional bony abnormalities, including osteophytes or 
fractures, which are vital considerations in the preoperative 
planning process (Figure 3A,3B). CT can also be useful in 
identifying transitional lumbar-sacral anatomy which may 
play a role in discerning which spine segments to operate on 
and the feasibility of accessing such anatomy if it is present. 
Moreover, CT can be used to assess bone quality of the host 
(i.e., Hounsfield unit) (34).

Magnetic resonance imaging (MRI)

MRI plays a pivotal role in providing detailed visualization 
of soft tissues, specifically intervertebral discs, nerves, and 
surrounding crucial structures. The examination focuses 
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on disc morphology, evaluating the hydration status, and 
identifying signs of degeneration. Moreover, MRI allows 
for the precise assessment of spinal cord and nerve root 
compression, providing crucial information about the 
extent and location of neural impingement (Figure 4). The 
identification of foraminal or central stenosis is another 
key aspect of the imaging process, aiding in understanding 
potential sources of nerve compression which can include 
herniated disc material, facet arthropathy, and hypertrophied 
ligamentum flavum. Delineating the anatomic contributions 
to the neurocompression at a given level and their potential 
correlated physical exam findings is crucial for gauging 
the degree of which decompression can be achieved 
from anterior surgery. For example, if the symptomatic 
neurocompression is driven mostly by degenerative disc 
material extending posterior into the canal and/or foramen, 
as seen on MRI, then indirect decompression via the ALIF 

may suffice. However, if there is significant lateral recess 
stenosis from a hypertrophied facet joint, that may suggest 
that additional posterior decompression may be needed for 
adequate results of the entire procedure.

Furthermore, MRI is instrumental in assessing the 
vascular anatomy and other soft tissue structures that may 
pose challenges during the surgical procedure. The aorta 
and the inferior vena cava (IVC) have their bifurcations 
into the internal iliac arteries and vessels, respectively, 
typically at the L4 level (35). MRI plays a significant role in 
understanding the surgical trajectory and the direction of 
great vessel retraction on surgical exposure needed to safely 
access the disc space. In some cases, MRI will demonstrate 
there is no safe plane to access the disc without significant 
risk to the vessels, notably, in regard to the internal iliac 
veins which are easily damageable on account of their 
friable surrounding membrane. Proper assessment of these 
factors preoperatively can provide the opportunity to use 
different strategies to address such spine segment pathology 
and conduct the procedure safely (Figure 5A-5D).

Additionally, MRI, can serve as a valuable tool for 
identifying additional spinal levels that may require 
attention, contribute to a comprehensive understanding 
of the patient’s lumbar anatomy (i.e., confirmation of 
transitional anatomy), and identify anomalous soft tissue 
structures (i.e., horseshoe kidney).

ALIF outcomes comparison

ALIF has been compared to other lumbar fusion techniques 
such as transforaminal LIF (TLIF), extreme lateral 
interbody fusion (XLIF), posterior LIF (PLIF), and the 
oblique Antepsoas approach. Below is a brief comparison of 
ALIF outcomes with these techniques.

ALIF, PLIF, and TLIF exhibit similar fusion rates, as 
fusion outcomes depend on factors like patient selection, 
endplate preparation, and the chosen graft material (36-38).  
The biomechanical advantages of placing the graft in the 
load-bearing column of the spine lead to superior fusion 
rates and improved outcomes compared to posterior fusion 
techniques (39).

ALIF is more effective at restoring disc height and 
segmental lordosis than TLIF and XLIF (36). ALIF 
provides efficient access to the anterior column, enabling 
thorough clearance of the disc space and placement of a 
larger interbody device. This contributes to improved disc 
height and lordosis. This restoration not only facilitates 
neuroforaminal decompression, relieving radicular 

Figure 4 Preoperative MRI T2 weighted images showing variable 
degrees of foraminal stenosis. The white arrow denotes normal 
foramen with no compression of exiting nerve root; the red arrow 
denotes severely narrowed neural foramen with effaced nerve 
root; the yellow arrow denotes moderate stenosis with partially 
compressed exiting nerve root. MRI, magnetic resonance imaging.
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symptoms, but also stabilizes the segment, reducing pain 
associated with abnormal mechanical loading (21,40).

TLIF demonstrates superior Oswestry disability index 
(ODI) scores compared to ALIF and PLIF (36). This may 
be due to TLIF’s minimally invasive nature, which results in 
less iatrogenic injury and surgical trauma, leading to lower 
ODI scores. However, visual analogue scale (VAS) scores for 
back and leg pain are comparable across all approaches (36),  
highlighting the shared goal of neural decompression and 
segmental stabilization.

Regarding blood loss, PLIF is associated with the highest 
blood loss, followed by TLIF and ALIF (36). The anterior 
approach used in ALIF typically results in significantly 
lower blood loss, assuming no intraoperative vessel injury. 
The average blood loss for single-level ALIF ranges from 
200 to 300 mL, but can rise to 700 mL or more if a tear 
occurs in the common iliac vein, especially if vascular repair 

is complex or prolonged (40).
PLIF has higher complication rates than TLIF (36). 

However, comparisons between ALIF vs. PLIF and ALIF 
vs. TLIF show no significant differences in complication 
rates (36), possibly due to variability in the ALIF vs. PLIF 
comparisons.

ALIF has a higher rate of cage migration (36). This is 
due to the removal of stabilizing structures like the anterior 
and posterior longitudinal ligaments (ALL and PLL) 
during anterior surgery, which increases the likelihood of 
postoperative cage migration.

TLIF has a higher rate of subsidence compared to 
ALIF and PLIF. One study found that TLIF used a single 
Capstone cage, while ALIF used one Synfix cage, and PLIF 
used two PEEK cages (41). PLIF had the lowest subsidence 
rate, likely due to the bilateral placement of two cages, 
which increased the fusion area and maintained axial load 
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Figure 5 Preoperative MRI demonstrating vasculature/access descending levels of the lumbar spine. (A) Aorta and IVC are shown in 
relation to the L3–L4 disc space. (B) L4–L5 access to disc from left side of vessels as denoted with white arrow. (C) Approach to the L5–
S1 disc space accessible directly in between the bifurcation as denoted by white arrow. (D) An example of MRI imaging showing no clear 
safe access to L4–L5 disc in relation to the great vessels. Oval frame outlines the LCIV anterior to L4–L5 disc space. IVC, inferior vena 
cava; RCIA, right common iliac artery; LCIA, left common iliac artery; RCIV, right common iliac vein; LCIV, left common iliac vein; MRI, 
magnetic resonance imaging.
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balance (41). In terms of lordosis correction, ALIF produces 
a greater increase in postoperative segmental lordosis 
compared to PLIF and TLIF (42). Additionally, ALIF 
better prevents adjacent segmental disease (43) because it 
preserves the posterior elements like muscles, ligaments, 
and facets, which are compromised during PLIF (44).

Kim et al. compared ALIF and PLIF for reducing vertebral 
body slippage in low-grade isthmic spondylolisthesis.  
Both approaches were effective (45). TLIF, however, is less 
effective at reducing vertebral body slippage, likely due 
to the unilateral total facetectomy and fixation used (41). 
ALIF and PLIF allow for a larger interbody surface area, 
and when combined with posterior bilateral facetectomy 
and bilateral fixation, offer more durable stability and better 
reduction of slippage.

In comparing ALIF with the oblique Antepsoas approach 
[oblique LIF (OLIF)], both techniques showcase similar 
results in terms of disc height, segmental lordosis, VAS 
and ODI scores, achieving fusion rates exceeding 90% in 
both groups (46). Nevertheless, OLIF presents a higher 
incidence of complications, primarily associated with cage 
subsidence (46).

According to the most current and reliable evidence 
available, XLIF surgery carries a significantly higher risk, 
nearly double, of potential neurological complications 
(particularly thigh symptoms), which may be transient but 
could also have lasting effects (47,48). The most significant 
risk of sensory nerve injury is specifically associated 
with the manipulation of the psoas muscle and has been 
acknowledged in previous studies (49-52). This risk persists 
even when neuromonitoring is employed.

Despite the elevated risk of neurological complications, 
XLIF demonstrates lower overall complication rates, 
primarily due to its less invasive nature (47). This includes 
both the anterior or lateral approach and the less invasive 
supplemental posterior instrumentation and decompression 
techniques. And while the use of neuromonitoring and 
other precautionary measures is recommended to mitigate 
the risk of neurological complications in XLIF procedures, 
these measures have not proven effective in reducing the 
incidence of such complications (47).

Surgical pearls and pitfalls

In this section, we describe a brief overview of ALIF 
surgical pearls and pitfalls. The techniques described below 
reflect the practice of the senior author (attending spine 
surgeon) at a high-volume tertiary center for complex spine 

surgeries.

Patient positioning

The patient is positioned supine on a radiolucent table. 
A roll can be placed under the small of the patient’s back 
when attempting to access the L5–S1 vertebral level which 
can help extend the pelvis. This can aid in accessing to 
the lower lumbar segments and maneuvering above the 
pubis, especially in patients with a high sacral slope and/
or with significant spondylolisthesis. The arms are usually 
abducted from the body to allow space for the surgeon and 
intraoperative fluoroscopy or more advanced imaging tool 
(i.e., O-arm) to evaluate implant placement.

Neuro-monitoring

Neuro-monitoring is recommended in most cases as 
this can help guide safe surgical execution of the various 
stages of ALIF and the often concomitant posterior 
spine surgeries. These include somatosensory evoked 
potentials (SEPs), motor evoked potentials (MEPs), and 
electromyography (EMG) of the nerves at and below the 
spine segment being operated on. Close monitoring of these 
neurologic parameters can help surgeons avoid permanent 
neurologic damage to the structures within close proximity 
of the surgical instruments and implants. Additionally, 
they can help prevent neurologic damage by providing 
intra-operative evidence that an interbody implant may 
be too large or create too great a degree of lordosis. The 
former concern may lead to neuropraxic injury of the 
potentially stretched nerve due to overstuffing or direct 
nerve contact by the interbody implant. The latter concern 
of hyperlordosis created by the interbody can in some cases 
collapse neuroforamen by hinging open the anterior column 
and collapsing the posterior structures to a point where it 
compresses the exiting nerve root leading to radiculopathy.

Vascular monitoring

Given that the anterior approach to the spine requires 
mobilization and retraction of the great vessels, vascular 
monitoring is advisable. During the initial exposure, a 
large portion of the disc preparation and instrumentation, 
the aorta, IVC, and left iliac artery (LIA) and veins are 
often retracted to the right aspect of the spine to allow for 
adequate exposure of the disc space. The LIA in particular 
commonly experiences significant stretch during the case. 
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Therefore, pulse oximetry attached the toe of the left foot 
should be performed as this provides continual information 
about the perfusion of the lower extremity. Changes in 
the oxygen saturations or waveform may indicate the 
vessels are being stretched to a degree that is affecting the 
perfusion of the limb in which case the retractors or other 
surgical maneuvers can be adjusted. Additionally, aortic and 
iliac vessels calcifications are common in the population 
of ALIF patients. Significant and persistent reductions 
of pulse oximetry signals of the lower extremity that do 
not improve with retractor adjustment should raise the 
suspicion of thrombo-embolic event and/or serious vascular 
injury. Immediate consultation with vascular surgery or 
interventionalists may be required in such cases.

Disc space preparation and instrumentation

Once the anterior disc is exposed by way of the access 
surgeon, care must be taken to not damage the surrounding 
structures when entering the disc space. This can be achieved 
with long-handled knife or electrocautery to incise the 
perimeter of disc space. This allows the use of a long Cobb 
elevator to be placed into the disc space directly adjacent 
to the endplate. With careful rotations of the cobb, the 
disc material is gently elevated on the endplate (Figure 6A).  
After sufficient mobilization of the disc material, it can 

be extracted using rongeurs (Figure 6B). Removal of the 
cartilaginous end plates is carried out using a series of 
curettes, rasps, and rongeurs, progressing centrally to 
laterally to facilitate disc space expansion and eliminate 
material that could hinder fusion, especially at the lateral 
aspects of the disc space. The vertebral body end plate is 
prepared by roughening with grasps and curettes. However, 
this requires a balance of adequate endplate preparation to 
solid bleeding endplate bone without carving too deeply and 
risking implant subsidence.

Next, interbody trial implants are inserted on a handle 
into the disc space and malleted posteriorly. This is 
performed with increasing larger implants and allows for 
dilation of the disc space, restoration of intervertebral 
height, and lordosis (Figure 7A). Intraoperative fluoroscopy 
in the lateral view is used to assess the size of the trial 
implant in comparison to the vertebral body endplate 
dimensions. The surgeon should assess the AP size of 
the implant and ensure the implants are not jutting too 
far anterior to the anterior cortex of the body as well as 
not extending too far posterior into the spinal canal. The 
assessment of coronal placement of the trials is performed 
on direct visualization. Further assessment of the degree 
of lordosis desired can also be done on lateral fluoroscopy. 
Generally, the surgeon can visualize increased neural 
foraminal space as larger trials are introduced, indicative 

A B

Figure 6 Intraoperative images showing (A) use of Cobb elevator to define and create plane between endplate and disc material and (B) use 
of rongeur to remove free white-colored disc material from the intervertebral palace. This image is published with the patient’s consent.
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of up-down indirect decompression (Figure 7B-7D). 
Conversely, the surgeon should take note when a trial 
implant anteriorly hinges open the disc space to a degree 
where it shrinks the neuroforaminal space posteriorly. This 
suggests that the lordosis of the trial needs to be balanced 
with a taller size and should be considered especially when 
placing hyper-lordotic interbodies.

The surgeon should be cautious to match the trajectory 
and angle of the disc space when preparing the endplate and 
inserting trials. Failure to do so may create a shelf within the 
endplate that blocks the proper insertion of the trials and can 
lead to suboptimal sizing of final implants. It may also lead 
to improper position of the interbody that can risk extrusion 
or subsidence. Lateral fluoroscopic views obtained during 
this stage are critical for identifying mismatched trajectory 
and making appropriate corrections (Figure 8A-8D).

Once proper implant trialing is complete and final 
implant sizing chosen, the final interbody implants must be 
carefully placed into the prepared disc space. Depending 
on the interbody material [allograft, polyetheretherketone 
(PEEK), metallic cage], the central cavitations of the 
interbody are filled with osteoconductive material to 
promote fusion (Figure 9A). Care should be taken to place 
the implant centrally on the endplate in the coronal and 
sagittal planes. AP and lateral fluoroscopy are obtained 
to confirm proper implant position prior to inserting any 
screw fixation. Adjustments of the interbody can be made 
with gentle malleting of a bone tamp (Figure 9B). Following 
this, the graft is placed into the disc space and securely 
anchored with two screws—one caudal and one rostral, 
driven through the adjacent vertebral bodies. Final lateral 
and AP fluoroscopic views should be obtained, including 

A B

C D

L4 L4

L4

L5 L5

L5

Figure 7 Intraoperative images showing insertion of interbody trial implants. (A) Trial being placed. (B) Fluoroscopy image of initial 
trial placement. (C) Insertion of serially larger trial. (D) Insertion of final large trial. The yellow arrows show the increasing size of the 
neuroforamen with consecutive placement of larger trials indicative of indirect decompression facilitated by ALIF. This image is published 
with the patient’s consent. ALIF, anterior lumbar interbody fusion.
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A B

C D

Figure 8 Intraoperative fluoroscopy images showing (A) misplaced trial creating shelf in the endplate as designated with yellow arrow, (B) 
trial removed and endplate shelf gently curetted, and (C) smoothed and (D) serially trial placed with improved trajectory leading to optimal 
position and size choice.

a Rosenberg view, to confirm proper implant and screw 
placement (Figure 10A,10B).

Surgical complications

Like any spinal procedure, ALIF has several potential 
complications that require careful consideration during 
surgery and in the postoperative period.

Subsidence, or the collapse of the interbody implant into 
the vertebral endplates, is a potential complication (53,54). 
Though rare, subsidence can cause disc height to fall below 
preoperative levels (55,56). This can lead to severe pain, 
disc collapse, neural compression, kyphosis, instability, 
and vertebral fractures (31,57,58). However, a study by 
Rao et al. found that subsidence did not significantly affect 
bony fusion, pain, or disability (53). Metal cages are often 

preferred for maintaining disc space height (54-56).
Visceral injuries, such as ureteral, bowel, or peritoneal 

injuries, can occur from mobilizing the peritoneum or 
psoas muscle. Ureteral injuries are rare during primary 
retroperitoneal exposure but may present with infection 
signs when they occur (58-63). The risk of ureteral injury 
is higher in revision surgeries, particularly when removing 
anterior instrumentation. Bowel and peritoneal injuries 
are more common in patients undergoing revision surgery 
or those with prior abdominal surgery, radiation, or 
malignancy (64). Repair of peritoneal perforations should 
be immediate. Direct bowel injuries during retroperitoneal 
exposure range from 2.29% to 16% (65-67). Postoperative 
ileus occurs in 0.6% to 5.6% of anterior lumbar procedures 
and is more common with the transperitoneal approach (68).

Vascular complications during ALIF pose risks to major 
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A

B

Figure 9 Intraoperative images showing (A) final interbody on 
insertion handle with osteoconductive material pressed into the 
cage and (B) bone tamp on the lateral edge of the interbody to 
adjust rotation. This image is published with the patient’s consent.

A B

Figure 10 Final intraoperative fluoroscopy images to confirmation of properly placed implants. (A) AP. (B) Lateral. AP, anteroposterior.

blood vessels, particularly the aorto-iliac region, requiring 
thorough preoperative imaging and careful intraoperative 
measures. Vascular injuries occur in 1–15% of cases, with 
veins (3–4%) more commonly affected than arteries (0.45–
1.5%) (64,69-72). The left iliac vein, ascending iliolumbar 
vein, and IVC are frequently injured, especially at the L4–
L5 level, often resulting in thrombosis. Arterial injuries, less 
common due to the elasticity of the aorta and iliac artery, 
typically involve the LIA (<0.9% incidence) (70,71) and can 
cause thrombosis or delayed hemorrhage. Postoperative 
complications include venous thromboembolism (1–1.6%), 
arterial thrombosis (0.45–1.3%), and retroperitoneal 
hematomas (0.49%) (71,73-76). Deep vein thrombosis 
(DVT) occurs in 7.5% of patients, though routine exams 
are not recommended (77). Symptoms of iliac vein DVT 
include leg pain and claudication, with rare progression to 
pulmonary embolism (0.1%) (70). Arterial thromboembolic 
events in the left common iliac artery are rare (78).

Pseudoarthrosis, or failure of bone fusion at the graft 
site, is a major complication in ALIF, often occurring within 
3 months postoperatively due to inadequate disc distraction, 
poor endplate preparation, or undersized cages (64). Proper 
preoperative planning and surgeon expertise are crucial in 
evaluating cage tightness. Complication rates vary, with 
studies reporting rates from 1.97% to less than 1% (70,79). 
The L5–S1 segment is particularly prone to complications 
due to poor sacral bone quality, complex sacral anatomy, and 
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high sacral slope (80). Stand-alone ALIF achieves an 88.6% 
fusion rate, increasing to 94.2% with anterior fixation  
plates (81). Combining sacropelvic fixation with anterior 
column support minimizes fusion failure risk, with factors 
like smoking, graft type, obesity, and prior abdominal 
surgery influencing outcomes (80,81).

Sympathetic nerve injury is a concern due to the 
proximity of ganglia to the surgical field, with complications 
varying based on which nerves are affected. The superior 
hypogastric plexus is at risk during surgery, particularly 
with the transperitoneal approach, increasing the chance 
of retrograde ejaculation and necessitating patient 
counseling, especially for younger patients (82). Careful 
handling of vessels and avoiding accidental ligation are 
crucial surgical considerations (64). Injuries to the lumbar 
sympathetic trunk from the anterior approach may cause 
benign temperature changes in the contralateral foot, with 
sympathetic dysfunction reported in 6.06% of patients (83).

The lumbar and sacral nerve roots may be affected 
by ALIF, leading to motor and sensory deficits such as 
weakness, sensory loss, or neuropathic pain (84,85). Nerve 
root injuries occur due to direct trauma during discectomy 
or graft placement, or indirect trauma from prolonged 
retraction or instrument use. Nerve root stretching and 
ischemia also contribute to postoperative neural deficits (86). 
Clinical signs include radiculopathy, foot drop, quadriceps 
weakness, and sensory disturbances (87). The L4–L5 
and L5–S1 levels are particularly vulnerable. Minimizing 
retraction time and using nerve monitoring can reduce risks. 
Early recognition and treatment, including medication, 
physical therapy, and surgery if needed, are critical.

Conclusions

The anterior approach is a well-described and validated 
technique for lumbar fusion. As with any procedure, it is 
important to thoroughly evaluate patients preoperatively 
to determine which approach is most reasonable for that 
individual, along with weighing risks vs. benefits of potential 
morbidity. When indicated properly and performed 
safely, ALIF is powerful in addressing many lumbar spinal 
pathology and should be considered along with other 
appropriate concomitant procedures. Understanding the 
anatomical constraints, the intraoperative pitfalls, and 
the techniques to monitor for and prevent complications 
further improve the surgeon’s ability to perform successful 
ALIF procedures. Future studies should aim to evaluate 
ALIF patients long-term in order to improve technique and 

surgical outcomes.
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