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ABSTRACT
Various techniques exist to surgically treat adult spinal deformity. Traditionally, anterior-based or posterior-based procedures 

with or without the addition of osteotomies were utilized. More recently, lateral-based approaches to correcting deformity 
have become more established and widely utilized. This may include the use of large footprint interbody devices with varying 
degrees of lordosis. Additionally, more powerful corrective techniques via lateral approach include anterior column release 
of the anterior longitudinal ligament and corpectomy. These present with unique risks that are typically related to the lateral 
approach, however, have been shown to reduce blood loss, decrease neurologic risk, and morbidity as they can be done through a 
less invasive approach. This review presents the variable deformity correction techniques that are available to the spinal surgeon, 
as well as the evidence and evolution of lateral-based techniques.
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INTRODUCTION

Adult spinal deformity (ASD) is a clinical spectrum 
of disorders encompassing a range of spinal conditions 
which result in malalignment.1 These conditions can 
result in significant disability for the patient and, if 
progressive, can lead to neurological impairments and 
loss of function.1 ASD may include de novo scoliosis, 
adolescent idiopathic scoliosis that is progressive in 
adulthood, degenerative scoliosis, iatrogenic deformity, 
degenerative disease, and post-traumatic deformity.1–5 
Prevalence of ASD has been reported to be as high as 
60% in the elderly population, with the mean age of 
presentation at approximately 70.5 years and a 1:1 male 
to female ratio.2,6,7 The prevalence of ASD in North 
America is increasing as a result of the aging popula-
tion, and the increased awareness and recognition of 
ASD.1

Diagnosis and management of ASD were tradition-
ally based on the coronal plane alignment; however, the 
importance of sagittal plane imbalance has more recently 
gained significant recognition.4 The importance of sag-
ittal alignment was demonstrated by Glassman and col-
leagues, where the severity of symptoms increased with 
progressive sagittal malalignment.8 Sagittal alignment 
plays a critical role in pain and disability.8–12 Research 
has demonstrated that the magnitude and extent of 
coronal deformity correction are less important and sur-
gical correction of ASD should place greater emphasis 
on restoring sagittal alignment.13 This review discusses 
various deformity correction techniques along with the 

evidence and evolution of lateral-based techniques. 
Illustrative case examples are included.

EVALUATION OF DEFORMITIES

Classification System

The Scoliosis Research Society-Schwab classifi-
cation system works well for ASD as it is a reproduc-
ible and well-validated system.14 It includes 4 types of 
coronal curves (thoracic only, thoracolumbar/lumbar 
only, double curve, or no major coronal curve) and 3 
sagittal modifiers (pelvic incidence [PI]—lumbar lor-
dosis [LL], global alignment, and pelvic tilt [PT]).
(Figure  1)14 Schwab et al demonstrated an excellent 
interrater and intrarater reliability and agreement for 
curve type and each modifier, making it a consistently 
reproducible classification system.15 The classification 
scheme provides a way to describe the radiographic 
characteristics of the deformity. It has been demon-
strated to reflect the severity of disease state, correlate 
with health-related quality of life measures, and aid in 
treatment decision-making for operative vs nonopera-
tive management.14

Sagittal Alignment Parameters

Following the increased recognition of the impor-
tance of sagittal alignment, multiple studies have 
demonstrated the need to assess spinal alignment in the 
context of pelvic parameters.4,9,12,17 These parameters 
include PI, PT, and LL. PI describes the relationship 
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between the spine and the femoral heads; it is specific to 
each individual patient and does not change with posi-
tion, activity, age, or deformity and has a mean value 
of approximately 50°–55° in adults(Figure 2).18–20 LL 
is a crucial part of sagittal alignment and critical for 
maintaining an upright posture.18 A higher PI necessi-
tates a high LL to maintain the spine leveled over the 
pelvis, and a greater mismatch between the PI and LL 
has been correlated with increasing disability.9,18 Sag-
ittal vertical axis (SVA) is another important parame-
ter which is defined as the horizontal distance from the 
posterior superior aspect of the S1 vertebral body and a 
plumb line dropped from the center of the C7 vertebral 

body. Multiple ranges for average SVA have been 
described, with different ranges based on age; however, 
the suggested postoperative SVA goal is <50 mm.18,21–

25 Schwab et al demonstrated that a mismatch between 
PI and LL greater than 11°, PT greater than 22°, and 
SVA greater than 47 mm correlated with moderate to 
severe disability.9 PT is a key regulator of sagittal align-
ment and represents a dynamic parameter. In ASD, as 
the SVA becomes increasingly positive, compensatory 
mechanisms recruit the hamstrings and hip extensors to 
retrovert the pelvis, increasing PT and thereby main-
taining an upright posture. These compensatory mecha-
nisms require substantial energy expenditure and result 
in patients falling outside of the “cone of economy” 
first described by Dubousset(Figure 3).18,26

Indications for Deformity Surgery

Surgical deformity correction should be considered 
for patients who have failed to improve with continued 
conservative management or patients with progressive 
or impending neurological deficits. Patients are evalu-
ated clinically to asses for worsening deformity, clini-
cal symptoms, and neurological status. Assessment is 
performed with full-length spine radiographs including 
flexion/extension views and advanced imaging with 
computed tomography and/or magnetic resonance 
imaging (MRI) scans. The decision to proceed with 
surgery is a shared decision-making process between the 
patient and the physician, with decision-making weigh-
ing the impact the deformity has had on the patient’s 
quality of life vs the risks associated with the pro-
posed surgery. ASD correction has some of the highest 
potential perioperative risks, and detailed discussions 
with potential surgical patients should address these 
risks in detail.27–31 Mummaneni et al recently updated 
their minimally invasive spinal deformity surgery 2 

Figure 1.  Spinopelvic parameters.16

Figure 2.  Measurement technique for global sagittal balance.8

Figure 3.  The “cone of economy” first described by Dubousset.16
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decision-making algorithm for surgical correction of 
ASD to incorporate newer minimally invasive tech-
niques.(Figure 4) The minimally invasive spinal defor-
mity surgery-2 algorithm has demonstrated excellent 
interobserver and intraobserver agreement and provides 
decision-making guidance ranging from basic mini-
mally invasive surgery (MIS) techniques, to advanced 
MIS techniques and open deformity correction.32

SURGICAL GOALS

Maintaining a systematic approach when addressing 
ASD is critically important and increases the likelihood 
of safe and reproducible outcomes. Iyer et al describe 
a systematic 6-step planning approach in addressing 
ASD: (1) identifying the drivers of deformity, (2) deter-
mining their effects on global alignment, (3) identifying 
targets for alignment, (4) assessing spinal flexibility, (5) 
formulating a surgical strategy, and (6) execution of the 
strategy.18 A typical driver of deformity is loss of LL 
resulting in a significant mismatch of sagittal alignment 
parameters. Thorough evaluation with full-length spine 
radiographs will help define the driver of the deformity 
and its effect on global alignment. Ideal goals of ASD 
correction should target to achieve a PI-LL mismatch of 
less than 10° and provide an SVA correction of within 
positive 5 cm.9 Spinal flexibility is easily assessed in 
the office with either flexion/extension views, supine or 
bending/bolster films, or scout images from computed 
tomography and/or MRI scans.18 Once the deformity 
has been identified, surgical planning is key to be able 
to execute the amount of correction desired.

SURGICAL TECHNIQUES

Various surgical strategies can be applied to meet 
the goals including posterior fusion, osteotomies, ante-
rior, and lateral techniques. Posterior spinal fusion has 
remained a tried and true versatile approach for ASD. It 
is a familiar and reliable approach with a high success 
rate. It provides the capability of addressing a long 
deformity with a single surgical approach via segmen-
tal pedicle screw instrumentation, coupled with varying 
degrees of osteotomies as needed to achieve desired 
deformity correction. Posterior instrumentation and 
fusion works well for flexible deformities and osteot-
omies may not be required; however, rigid deformities 
require osteotomies to mobilize the spine column in 
order to achieve correction.33 Osteotomies are typi-
cally performed via a posterior approach and provide a 
greater potential for deformity correction.34 Osteotomy 
types range from a posterior column osteotomy such 
as Smith-Peterson osteotomy to more complex osteot-
omies including pedicle subtraction osteotomy (PSO) 
and vertebral column resection.33 The osteotomies are 
indicated based on the level of correction desired as 
they all have different correction potentials and degree 
of difficulty.

These more traditional techniques, although very 
powerful, are associated with high intraoperative risks 
including high blood loss and potential for neurologi-
cal injury. Alternative anterior-based and lateral-based 
approaches coupled with posterior instrumentation can 
provide significant deformity correction with higher 
fusion rates than posterior-only–based procedures.35–39 
Anterior procedures coupled with posterior approach 
provide several significant advantages when com-
pared with posterior only surgery. Anterior approach to 
the lumbar spine can be either direct anterior lumbar 
interbody fusion (ALIF) or a lateral lumbar interbody 
fusion (LLIF) via a retroperitoneal approach. ALIF is 
a very powerful tool that is able to provide significant 
sagittal plane correction. LLIF used in conjunction with 
posterior-based approach is also very powerful in defor-
mity correction.40–42 LLIF is performed via a retroper-
itoneal either anterior to the psoas or transpsoas. LLIF 
allows for insertion of a large interbody device into the 
disc space via minimally invasive technique, through 
minimal muscle dissection or disruption of the ligamen-
tous structures thereby making it extremely useful for 
both sagittal and coronal plane correction.40–42

Ozgur et al described the extreme lateral interbody 
fusion which allowed access to the lumbar spine through 
a retroperitoneal approach, avoiding the anterior vascu-
lature, hypogastric plexus, sympathetic chain, and the 

Figure 4.  The minimally invasive spinal deformity surgery 2-deformity 
correction algorithm described by Mummaneni et al.32 ACR, anterior column 
realignment; LL, lumbar lordosis; PI, pelvic incidence; PSO, pedicle subtraction 
osteotomy; PT, pelvic tilt; SVA, sagittal vertical axis.
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need for an approach surgeon.40–47 The approach allows 
easy access to a significant portion of the thoracolum-
bar and lumbar spine (T11-L5). In contrast to ALIF 
and transforaminal lumbar interbody fusion (TLIF), 
LLIF preserves much of the native structures including 
anterior longitudinal ligament (ALL), posterior longi-
tudinal ligament, and facets joints. LLIF coupled with 
posterior instrumentation and osteotomies, in an open 
or MIS hybrid fashion, will provide greater correction 
than an LLIF or posterior fusion alone. There is a lower 
chance of injury to the nerve roots and lower durotomy 
risk in LLIF vs posterior-based approaches.48,49 Unlike 
TLIF or posterior lumbar interbody fusion, LLIF has 
the ability to place wider and longer interbody devices 
which provide the indirect foraminal decompression 
and restoration of the disc height and foramen.50,51 With 
preoperative planning of the size, lordosis, and place-
ment of the interbody devices, LLIF allows for signif-
icant improvement of segmental lordosis in order to 
correct the sagittal profile.

If needed, the ALL can be released in a controlled 
manner to perform an anterior column realignment 
(ACR) which can provide much greater sagittal plane 
correction.52 ACR relies on the elongation of the ante-
rior column and may be done via an ALIF or LLIF 
with complete release of the ALL, annulus, and inser-
tion of hyperlordotic interbody devices.52 Saigal et 
al conducted a retrospective review of ACR in which 
12 studies were included and demonstrated 10°–27° 
increase in segmental lordosis with use of hyperlordotic 
cages, a mean increase of 19° in intradiscal angle with 
ACR when combined with posterior column osteotomy, 
13° more than LLIF alone.53 Mundis et al demonstrated 
similar radiographic results, similar complication rates, 
and less estimated blood loss with ACR as compared to 
PSO in propensity-matched patients undergoing sagit-
tal plane deformity correction.54

Corpectomy (Figure  5) via the lateral approach is 
an alternative to the traditional open corpectomy and 
performed using minimally invasive principles. Tra-
ditional open posterior corpectomy is associated with 
significant morbidity and leads to prolonged surgical 
time and blood loss.55,56 Posterior approaches also 
provide less deformity correction in the sagittal plane 
than an anterior or lateral approach for corpectomy.57 
When compared to anterior-based corpectomy, lateral 
corpectomy provides similar ability to directly decom-
press the neural elements, while avoiding the potential 
need for an access surgeon, as well as risks of abdom-
inal wall or diaphragm injury and chronic incisional 
pain.58

LLIF can be performed in a number of different 
fashions depending on the training and comfort level of 
the surgeon. It can be performed either anterior to the 
psoas (oblique) or in a transpsoas fashion. The anterior 
to psoas (ATP) lateral interbody fusion provides access 
to the disc space via a retroperitoneal approach between 
the anterior vasculature and the psoas muscle. It avoids 
the lumbar plexus and does not violate the muscle fibers 
of the psoas muscle as a traditional transpsoas approach 
does.59 On the other hand, transpsoas interbody tech-
niques access the disc space through the psoas muscle 
and are in close proximity to the lumbar plexus thereby 
can lead to sensory and motor deficits.51,60

Whether an ATP or transpsoas interbody fusion is 
performed, preoperative planning is vital to the success-
ful execution of the procedure. Imaging should include 
plain radiographs and MRI which should be scrutinized 
to identify the level of interest, iliac crest level, location, 
and orientation of the psoas muscle, as well as surrounding 
structures including kidney, ureter, vasculature, and bowel. 
The lateral radiograph is helpful in assessing the level of 
the iliac crest and whether a direct lateral or oblique lateral 
can be performed. Intraoperative neuromonitoring of 

Figure 5.  Illustration of a lateral corpectomy for a renal cell carcinoma 
metastasis.
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somatosensory evoked potentials, and electromyography 
is necessary in carrying out the procedure safely. The ATP 
lateral fusion procedure is carried out in the lateral decu-
bitus position with the patient secured to the radiolucent 
table using tape. Access to multiple levels can be improved 
by breaking the table with the greater trochanter slightly 
inferior to the table break. This table break increases the 
corridor in between the ribs and the iliac crest. Surgical 
incision for an ATP lateral fusion is an oblique incision 
anterior to the disc space and dissection is carried out in 
between the fibers of the external oblique muscle, internal 
oblique fibers, and then bluntly through the transversus 
abdominis layer to enter the retroperitoneal space. The cor-
ridor in between the psoas muscle and anterior vasculature 
is identified at the level of interest. Dilators are inserted 
over the disc space sequentially with guidance from neu-
romonitoring, and the retractor is docked over the disc 
space. Once the retractor is secured over the disc space, 
disc prep can be performed carefully under fluoroscopic 
guidance with care taken to avoid violation anteriorly to 
prevent vascular injury and avoid violation posteriorly to 
prevent neural injury. This orthogonal working trajectory 
must be maintained throughout the procedure.

Surgical incision for transpsoas interbody fusion is 
more directly in line with the disc space. Similar dissection 
is performed through the abdominal muscles to enter the 
retroperitoneal space. Dilators are introduced through the 
psoas muscle at the disc space level with guidance of neu-
romonitoring to avoid injury to the lumbar plexus. Ideal 
position of the dilator is between the posterior one-third 
and anterior two-thirds of the disc space, parallel to the 
disc space. Once the retractor is docked and secured with 
a disc shim, the disc prep can be carried out under fluoro-
scopic guidance.

Pimenta et al more recently described a prone lateral 
interbody fusion which allows single-position lateral and 
posterior interbody fusion (Figure  6).61 This approach 
allows for simultaneous access to both the anterior and 
posterior spinal columns, thereby, allowing for direct 
decompression, instrumentation, interbody placement, 
and sagittal plane correction without needing to reposition 
the patient, therefore boasting the advantage of decreas-
ing total anesthesia and operating room time.61 The prone 
position also may provide improvement in sagittal align-
ment due to prone patient positioning and ability to insert 
more lordotic implants as compared to lateral performed 
in the lateral decubitus position.61–64

Following patient positioning, bolsters are used to 
increase the working corridor in between the ribs and the 
iliac crest. Fluoroscopy is used to localize the surgical inci-
sion starting from the foramen and in-line with the disc 

level. Once the incision is made, dissection is carried out 
through the abdominal muscles and into the retroperito-
neal space. Dilators are introduced in a transpsoas fashion 
with the assistance of neuromonitoring, and the retractor 
is docked and opened at the disc level of interest. The disc 
prep is performed in a similar fashion, and an interbody 
cage is inserted.

When planning more significant degrees of deformity 
correction, ACR can provide greater degrees of deformity 
correction, particularly in the sagittal plane. This tech-
nique has been shown to have similar results for defor-
mity correction when compared to open osteotomy such 
as PSO and is performed through a minimally invasive 
lateral retroperitoneal approach.65 Careful blunt dissec-
tion is performed to develop the plane between the ALL 
and the anterior vascular structures, and then specialized 
anterior retractor blades are placed for protection through-
out the remainder of the procedure. Wide and thorough 
discectomy is then performed followed by careful sharp 
transection of the remaining annulus and ALL. Sequential 
trialing with increasingly more lordotic implants is then 
performed prior to implanting a hyperlordotic interbody 
device ranging from 20° to 30° of lordosis. Given the tem-
porary instability created by this procedure, an attached 
plate with a fixation screw into the more cephalad verte-
bral body is utilized to prevent cage displacement. In order 
to maximize the power of deformity correction, ACR tech-
nique can be combined with complete facetectomy prior 
to final posterior spinal fixation.66

Figure 6.  Patient positioning for prone lateral interbody fusion, allowing 
access to both the lateral and posterior aspect of the spine.
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COMPLICATIONS

Despite being a very reliable procedure, lateral 
interbody fusion has known potential complica-
tions unique to the procedure including hip flexion 
or knee extension weakness, neurologic and vascu-
lar injury, subsidence, pseudohernia, vertebral body 
fracture, visceral injury, wound infection.67 Hijji 
et al conducted a systematic review evaluating the 
medical and surgical complications associated with 
LLIF and found a 36.07% incidence of transient neu-
rologic deficits with the most common symptoms 
being related to the surgical approach and dissection 
through the psoas muscle.68 There was only 3.98% 
chance of persistent neurological complications.68 
Tomeh et al conducted a prospective, nonrandomized 
clinical study in patients undergoing LLIF and found 
a 27.5% incidence of postoperative hip flexion weak-
ness, upper medial thigh sensory deficits in 17.6%, 
and transient motor deficits in 2.9% of patients.69 
Lykissas et al conducted a review of 919 levels in 
451 patients and reported an incidence of 38.5% of 
anterior thigh pain, 38.0% of sensory, and 23.9% of 
motor deficits; however, motor deficits decreased 
to 3.2% and sensory deficits to 9.6% at 18 months 
of follow-up.70 Cahill et al performed a retrospec-
tive chart review of 118 patients undergoing lateral 
interbody fusion and reported an incidence of 4.8% 
of femoral nerve palsy at L4-5, and 0% incidence of 
femoral nerve palsy at other levels.70 Kueper et al 
evaluated 900 patients undergoing an LLIF and found 
an incidence of 0.056% incidence of vascular injury 
per case and 0.029% per level.71

Subsidence of the interbody device is clinically 
significant as it can lead to mechanical failure of the 
anterior column support, loss of the indirect decom-
pression, pseudarthrosis, and sagittal imbalance.67 
Le et al reviewed subsidence in patients undergoing 
a lateral interbody fusion and reported a 14.3% rate 
of radiographic subsidence, 2.1% rate of clinically 
significant subsidence; 14.1% rate of subsidence in 
cases where 18-mm cages were used and 1.9% in 
cases where 22-mm cages were used.72 This was also 
demonstrated by Marchi et al where wider interbody 
cages had lower subsidence rate and improved seg-
mental lordosis.73

Vertebral body fracture can occur in patients with 
end plate violation, graft subsidence, osteopenia, and 
placement of oversize grafts.67,74 Injury to the bowel 
can occur in an LLIF and is a very serious and life-
threatening injury, therefore, careful dissection and 
development of the retroperitoneal space are vital.67 

Uribe et al conducted a survey study with 13 004 
patients undergoing LLIF by experienced surgeons 
and demonstrated a rate of 0.08% visceral/bowel 
injury, 0.10% of vascular injury, 0.27% of super-
ficial wound infection, and 0.14% of deep wound 
infection.29 Mundis et al retrospectively performed 
a radiographic comparison on patients undergoing 
ACR vs open PSO for correction of adult sagittal 
plane deformity. They found significant and similar 
improvement between preoperative and postopera-
tive measurements of sagittal plane and spinopelvic 
parameters between the 2 groups. The patients who 
underwent ACR exhibited significantly less esti-
mated blood loss (1.6 vs 3.6 L); however, no signif-
icant differences in overall major complication rates 
were demonstrated between the 2 groups (35.3% vs 
41.2%). This highlights the comparative effective-
ness of the more MIS ACR for the treatment of ASD. 
The rate of major complication regardless of tech-
nique also reinforces the importance of careful sur-
gical decision-making and patient selection for this 
major undertaking.65

ILLUSTRATIVE CASES

Case 1

A 71-year-old woman who presented with 7 years of 
low back pain and left lateral thigh/calf pain. She rated 
the pain at an 8/10 and is now using a cane to ambu-
late. She failed to improve with continued conservative 
treatment including anti-inflammatories, analgesics, 
physical therapy, and 6 epidural steroid injections. She 
was found to have an adult degenerative scoliosis with 
multilevel stenosis in the lumbar spine. She elected to 
proceed with operative intervention and underwent a 
minimally invasive multilevel prone transpsoas (PTP) 
interbody placement from L1-5, TLIF at L5-S1 with 
percutaneous pedicle screw instrumentation from L1-
pelvis. The PTP positioning bolsters were used to 
increase the working corridor between the ribs and iliac 
crest. PTP was first performed at L4-5 followed by 
L1-2, L3-4, and L2-3. Direct decompression was per-
formed from L4-S1 followed by a TLIF at L5-S1. This 
allowed for correction of both the coronal and sagittal 
plane deformities with improvement in LL from 20° to 
40° and improvement in the LL-PI mismatch from 15° 
to 0° (Figure 7).

Case 2

A 66-year-old woman who initially presented with 
severe back pain and inability to ambulate secondary 
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to pain and bilateral leg pain/numbness. She had pre-
viously underwent single-level lateral interbody fusion 
at an outside hospital and was lost to follow-up. Upon 
presentation, she exhibited significant focal and global 
kyphosis and functional disability. She underwent L1-2 
ACR with revision posterior T11-L4 fusion. Sagittal 
plane deformity was corrected, and more extensive 

blood loss and potential morbidity of 3-column oste-
otomy were avoided (Figure 8). LL improved from 11° 
to 40°, and global sagittal balance improved from +165 
to +31 mm.

Figure 7.  (a) Preoperative radiographs, magnetic resonance imaging, and computed tomographic image highlighting the coronal and sagittal plane deformity and 
(b) postoperative radiographs depicting the intraoperative images and postoperative correction of the coronal and sagittal plane deformity.

Figure 8.  Preoperative deformity and postoperative deformity correction following an anterior column realignment.
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Case 3

A 71-year-old man who presented with worsening 
low back pain, stooping over posture, and neurogenic 
claudication. He was found to have significant sagittal 
imbalance with +15.5 cm of SVA, 14° of LL, 58° of PI, 
and a PI-LL mismatch of approximately 44°. He failed 
to improve with conservative management and elected 
to undergo surgical correction. He underwent a multi-
level LLIF with an ACR coupled with posterior instru-
mentation, providing him with significant correction of 
his sagittal profile, with improvement of his LL to 45°, 
PI to 57°, and a PI-LL mismatch of only 12°. His SVA 
improved to +7.9 cm (Figure 9).

CONCLUSION

LLIF in deformity surgery is a very powerful tool 
and when applied correctly it can generate significant 
coronal and sagittal plane correction, in addition to 
indirect decompression of neural elements. Traditional 
open anterior and posterior approaches are very versatile 
and work well in deformity correction; however, lateral 
fusion coupled with posterior instrumentation provides 
a less invasive way to mitigate some of the potential 
complications associated with open anterior and pos-
terior deformity correction. There are a wide variety of 
techniques that can be employed to perform a lateral 
fusion, and the performing surgeon should understand 

the advantages and disadvantages of each technique 
and be comfortable with their preferred method so as to 
safely and successfully carry out the desired procedure.
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