
Approach Selection
Multiple Anterior Lumbar Interbody
Fusion to Recreate Lumbar Lordosis
Versus Pedicle Subtraction Osteotomy:
When, Why, How?

Andrew K. Chan, MDa,*, Praveen V. Mummaneni, MDa,
Christopher I. Shaffrey, MDb

INTRODUCTION

In adult spinal deformity (ASD), the loss of lumbar
lordosis (LL) leads to a series of compensatory
spinopelvic changes to maintain global spinal
balance. Ultimately these mechanisms may fail,
leading to sagittal malalignment, functional
impairment, disability, and impaired quality of
life.1–3 There are multiple causes for the loss of
LL, including lumbar degenerative disease, post-
laminectomy kyphosis, post-traumatic kyphosis,

iatrogenic flat back syndrome, and ankylosing
spondylitis.4–6 In the case of iatrogenic flat
back syndrome, inadequately restoring LL is
associated with the development of adjacent
segment degeneration.7,8 For well-selected pa-
tients who fail conservative management strate-
gies, spinal deformity surgery is indicated. The
surgical goal of deformity surgery in the adult
includes restoration of lumbar alignment in the
sagittal and coronal planes.
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KEY POINTS

� Multilevel ALIFs or PSO may be used to achieve restoration of lumbar lordosis and correct sagittal
alignment in well-selected patients.

� Potential advantages of the multilevel ALIF technique include lower morbidity, blood loss, and
decreased risk of neurologic complications at the cost of approach-specific complications
including retrograde ejaculation and vascular and visceral injury.

� Potential advantages of the PSO technique include a generally greater single-level lordotic correc-
tion, the ability to correct multiplanar deformity when done asymmetrically, and avoidance of ante-
rior scarring and adhesions in patients with a prior history of anterior spinal or abdominal surgery.

� Disadvantages of PSO include a higher complication rate, blood loss, and a more technically
demanding procedure.
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In addition to correction of sagittal vertical axis
(SVA) and pelvic tilt (PT), restoration of physiologic
LL is a fundamental principle of spinal deformity
surgery and portends better long-term out-
comes.2,3,9–12 For a given pelvic incidence (PI),
restoration of LL that is within 10� of PI is consid-
ered optimal.13 Thus, the magnitude of correction
necessary for LL is directly proportional to the
magnitude of preoperative PI-LL mismatch for a
given patient. Patients that are able to achieve an
optimization of PI-LL mismatch have been shown
to have superior outcomes following spinal defor-
mity surgery.4,12,14

Both anterior and posterior-based approaches
have been described to correct lumbar hypolordo-
sis and each hold unique advantages and disad-
vantages. This article discusses the indications,
techniques, and complications for an anterior-
based approach (multilevel anterior lumbar inter-
body fusion [ALIF]) and a posterior-based approach
(pedicle subtraction osteotomy [PSO]).

MULTILEVEL ANTERIOR LUMBAR INTERBODY
FUSION

The ALIF technique permits segmental realign-
ment of the lumbar spine through the interverte-
bral disk. The technique is appropriate for
multiple causes of lumbar degenerative deformity
including degenerative scoliosis, postlaminec-
tomy deformity, and adjacent segment degenera-
tion. The primary prerequisite for ALIF is an
intervertebral disk space through which the sur-
geon may gain segmental realignment of the
spine. The ALIF approach permits complete
release of the anterior longitudinal ligament and
annulus fibrosis, facilitating lordotic correction.
A primary advantage of the anterior approach
lies in its avoidance of the invasiveness of the
posterior approach. In the case of the multilevel
ALIF, the approach altogether avoids risk to the
neural structures and significant manipulation of
posterior musculature, depending on the poste-
rior instrumentation technique (eg, minimally
invasive, percutaneous). The multilevel ALIF ac-
complishes the goal of lordotic correction without
compromising the posterior tension band. Addi-
tionally, it avoids the significant morbidity and
high blood loss associated with three-column
osteotomies, such as PSO.
Biomechanically, the multilevel ALIF offers

several advantages. The multilevel ALIF more
harmoniously imitates the natural gradual
segmental LL of the spine.15 This is contrasted
by the abrupt angular correction at the index
level of PSO. Biomechanical studies suggest
that ALIF may limit the destabilization of axial

rotational stability seen with lumbar PSO16; this
potentially decreases the mechanical demand
on posterior instrumentation and may limit rod
fractures, hardware failure, and pseudarthrosis.
Circumferential fusion of the lumbosacral junc-
tion is especially useful to avoid pseudarthrosis
and implant failure.
A disadvantage is that the multilevel ALIF may

require an additional posterior approach to facil-
itate spinal realignment with posterior-based
mobilization of the spine, to reduce loss of
correction, and to prevent pseudarthrosis or
interbody cage subsidence. Posterior fixation
may be accomplished by either a one-stage,
two-approach procedure or a two-stage proced-
ure, both of which may potentially lead to
increased anesthesia time.
In a comparison with posterior-only surgeries

for ASD, the combined ALIF and Posterior Spinal
Fusion (PSF) approach has been shown to
achieve largely equivalent results with significant
improvements in health-related quality of life
measures and radiographic outcomes, including
LL.17 Furthermore, in a study of 42 patients
who underwent the multilevel ALIF for restoration
of LL, excellent LL and PI matching was accom-
plished, with an average LL correction of nearly
30� at 2-year follow-up.18 This is similar to the
30-degree correction associated with a PSO.

Indications

The multilevel ALIF is appropriate for patients who
have moderate-to-severe sagittal deformity who
require a gradual correction in LL across several
segments. The patient with a loss of lordosis on
standing films with mobility on flexion/extension
views, or on supine radiograph or computed to-
mography may be most appropriate for a multi-
level anterior lumbar approach to the spine.
Patients with loss of lordosis over the segments
of L4 to S1 are appropriate for ALIF reconstruction
to restore the appropriate alignment of the lower
lumbar spine. It is less appropriate for those who
require a larger angular correction at a single level
in conditions including congenital kyphosis or
post-traumatic deformity, for which the posterior-
based PSO may be better suited. Table 1 outlines
the indications for multilevel ALIF and for PSO in
the restoration of LL.
The multilevel ALIF is also advantageous in

several unique clinical situations. The multilevel
ALIF is generally a lower morbidity procedure than
the three-column PSO in cases where a solid ante-
rior column fusion is not present. The multilevel
ALIF usually has substantially less blood loss than
PSO procedures and may be preferred in more frail
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