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Spinal fusions have been performed for nearly
a century for a variety of conditions, such as for

infections, trauma, deformity, degenerative con-
ditions, and after resection for spinal tumors [1–
11]. Typically, spinal fusions are performed as

posterior/posterolateral or anterior for lumbar in-
terbody arthrodesis. Traditionally, the ability to
achieve adequate exposure to perform these pro-

cedures required an open surgical approach; how-
ever, with the advent of newer techniques and
technology, combined with an improved under-

standing of surgical anatomy, newer minimally in-
vasive techniques have been developed.

Some of the more common minimally in-
vasive spine surgery (MISS) techniques being

used for achieving lumbar interbody fusions are
addressed. As such, the main posterior approach
includes the transforaminal lumbar interbody

fusion (TLIF), whereas anterior techniques in-
clude retroperitoneal and transperitoneal anterior
lumbar interbody fusion (ALIF) approaches. In

addition, other recent techniques are addressed,
such as the extreme lateral interbody fusion
(XLIF) and axial lumbar interbody fusion (Ax-

iaLIF). The subsequent discussion includes
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a general review of the history, indications, brief
overview, and description of each surgical

technique.

History

The first description of lumbar interbody
fusion was published in the 1930s by Capener
and colleagues [12]. The original technique was
described as an anterior approach for treatment

of spondylolisthesis of the lumbar spine. A com-
plete discectomy was performed, and the listhetic
segment was reduced using a structural cadaveric

bone graft with supplemental autograft as an
ALIF. Subsequently, in the 1950s, Cloward [5] de-
scribed a technique for performing a lumbar inter-

body fusion through a posterior laminectomy,
which became known as a posterior lumbar inter-
body fusion (PLIF). In the original description,
the PLIF procedure was designed to preserve the

facet joints and required nerve root retraction to
allow for adequate disc excision and placement
of the interbody graft or cage. In the attempt to

reduce the risk for nerve root injury and irritation
and provide enhanced visualization of the inter-
vertebral disc, the TLIF approach was described

[13,14]. In the ensuing years, an extreme lateral/
transpsoas approach to the spine has been re-
ported for XLIF procedures [15]. In this
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technique, access to the lumbar spine is achieved
by a lateral approach that passes through the ret-
roperitoneal fat and psoas major muscle. Theoret-

ically, this approach avoids the potential
complications associated with an anterior retro-
peritoneal and transperitoneal approach to the
lumbar spine, thereby avoiding the major vessels

that typically are encountered with the traditional
ALIF approaches. More recently, a percutaneous
approach to the anterior lumbosacral spine that

uses the presacral space has been described [16–

374 SHEN
18].

Indications

The indications to proceed with a minimally
invasive lumbar interbody fusion are similar to
the indications to proceed with an open lumbar

interbody fusion. Although the indications vary
slightly from surgeon to surgeon and from patient
to patient, in most cases, the decision to proceed
with an interbody fusion includes evidence of

preoperative segmental instability, stenosis with
deformity that may result in progressive deformity
after decompression, wide decompressions that

may result in iatrogenic instability, and possibly in
patients who have recurrent disc herniations
[19,20].

Surgical techniques

Transforaminal lumbar interbody fusion

Overview, advantages, and disadvantages
Originally described by Blume and Rojas [13]

and popularized by Harms and colleagues [14],
the TLIF is an adaptation of the PLIF technique
first described by Cloward [5]. Because the TLIF

uses a unilateral approach to the disc space
through the intervertebral foramen, it confers sev-
eral theoretical advantages. First, because it uses

the more common posterior approach, this tech-
nique is more familiar to most spine surgeons.
The TLIF provides access to the posterior ele-
ments and the intervertebral disc space, thereby

allowing the surgeon the ability to achieve a cir-
cumferential fusion [21–24]. Second, because the
contralateral facet and posterior laminar arch typ-

ically are preserved, especially when using MISS
techniques, there is a theoretical lower risk for ad-
jacent segment disease, while essentially eliminat-

ing iatrogenic contralateral scar formation
compared with the more traditional bilateral
PLIF approach [25–27]. Furthermore, because
the approach uses a unilateral facetectomy, it pro-
vides exposure of the disc space while requiring
less dural retraction; however, if excessive facet re-

moval is performed, segmental stability may be
compromised [28]. In such cases, segmental pedi-
cle screw or translaminar screw fixation also is
performed to enhance segmental stability. Lastly,

this approach allows the surgeon to address poste-
rior element pathology (eg, spinal stenosis, lateral
recess and foraminal stenosis, synovial cysts, hy-

pertrophic ligamentum flavum) concurrently
with an interbody fusion through a single poste-

et al
rior incision.

Surgical technique: transforaminal lumbar
interbody fusion

Following induction of general endotracheal
anesthesia and administration of preoperative

antibiotics, the patient is positioned prone on
a radiolucent table. If possible, the use of a radio-
lucent table with the capability for left and right

rotation is used. If desired, after positioning, on-
table anteroposterior (AP) and lateral fluoro-
scopic images can be obtained to ensure adequate

intraoperative image capture. True AP and lateral
images of the interspace, vertebral bodies, and
pedicles of interest should be visualized ade-

quately to ensure accurate and safe placement of
the interbody graft and subsequent pedicle screws
(Fig. 1A, B). Once it is confirmed that adequate
imaging can be obtained, the patient is prepped

and draped in the usual sterile fashion.
The midline is identified by palpating the

spinous process. Fluoroscopy is used to locate

the appropriate levels. After needle localization,
a longitudinal incision is made approximately 2.5
to 3.5 cm lateral to the midline on the affected side

that is approximately 2.0 to 2.5 cm in length. The
incision is deepened through the skin down to the
fascia. The fascia is divided carefully to accom-

modate the dilators. After confirmation of the
appropriate level, the initial introducer is docked
at the facet/laminar junction of interest, and
dilators of increasing diameter are inserted se-

quentially. The appropriate depth is noted after
the last diameter of interest is inserted. At this
point, the tubular retractor of the appropriate

diameter, typically 18 to 25 mm in diameter and
depth, is selected (Fig. 1C). Depending on the sur-
geon’s preference, the rest of the procedure is per-

formed with the operative microscope or with
loupe magnification. Intermittent fluoroscopic im-
ages are obtained throughout the surgical
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