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The trend of using smaller operative corridors is seen in various surgical specialties. Neurosurgery has also recently embraced minimal access spine technique, and it has rapidly evolved over the past 2 decades. There has been
a progression from needle access, small incisions with adaptation of the microscope, and automated percutaneous
procedures to endoscopically and laparoscopically assisted procedures. More recently, new muscle-sparing technology has come into use with tubular access. This has now been adapted to the percutaneous placement of spinal instrumentation, including intervertebral spacers, rods, pedicle screws, facet screws, nucleus replacement devices, and
artificial discs. New technologies involving hybrid procedures for the treatment of complex spine trauma are now on
the horizon. Surgical corridors have been developed utilizing the interspinous space for X-STOP placement to treat
lumbar stenosis in a minimally invasive fashion. The direct lateral retroperitoneal corridor has allowed for minimally
invasive access to the anterior spine.
In this report the authors present a chronological, historical perspective of minimal access spine technique and
minimally invasive technologies in the lumbar, thoracic, and cervical spine from 1967 through 2009. Due to a low
rate of complications, minimal soft tissue trauma, and reduced blood loss, more spine procedures are being performed
in this manner. Spine surgery now entails shorter hospital stays and often is carried out on an outpatient basis. With
education, training, and further research, more of our traditional open surgical management will be augmented or
replaced by these technologies and approaches in the future. (DOI: 10.3171/2009.7.FOCUS09121)
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A

basic tenet of surgery is to effectively treat pathology with minimal disturbance of normal anatomy: leaving “the smallest footprint.” This is being
accomplished more effectively by designing procedures
that require smaller incisions, result in less soft-tissue
disruption, and involve limited surgical corridors. The
development of these procedures has been implemented
through technological advances in illumination, magnification, and instrumentation. Most surgical specialties

Abbreviations used in this paper: ACDF = anterior cervical discectomy and fusion; AD = aggressive discectomy; ADR = artificial
disc replacement; ALIF = anterior lumbar interbody fusion; APLD =
automated percutaneous lumbar discectomy; BMP = bone morphogenetic protein; CAVHS = Central Arkansas Veterans Healthcare
System; DLIF = direct lateral interbody fusion; IDET = intradiscal
electrothermy; LD = limited discectomy; LPD = laser-assisted percutaneous discectomy; MAST = minimal access spinal technique;
MED = microendoscopic discectomy; MIS = minimally invasive
surgery; PEEK = polyetheretherketone; PLIF = posterior lumbar
interbody fusion; rhBMP-2 = recombinant human BMP-2; TLIF =
transforaminal interbody fusion; XLIF = extreme lateral interbody
fusion.
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have embraced this minimalist concept, particularly
general surgery, with a dramatic rise in the numbers of
laparoscopic cholycystectomies.74,90 Spine surgery is also
gaining momentum in this regard, although some reports
suggest that the limited exposure that results from these
techniques can result in incomplete treatment of pathology with no clear-cut advantage over traditional techniques.39,60,79,112 The avoidance of complications is more
challenging through limited surgical portals. Recurrence
and reoperation rates can increase, especially in the realm
of lumbar disc surgery. In spite of these challenges, the
evolution of minimal access spine technique (MAST)
has exceeded that of traditional spine procedures over the
past 2 decades (Fig. 1). This began with Yaşargil’s adaptation of the operating microscope to lumbar discectomy
in 1967.135 With the advent of managed care, the diagnostic related group (DRG) system, and efforts to return
patients to work more quickly, there has been pressure to
perform spine procedures on an outpatient basis or with
very short hospital stays. Spine center models developed
and frequently use these techniques in their efforts to
deliver a higher level of care efficiently. Additionally,
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Fig. 1. Chronological timelines showing technical and procedural milestones in spine surgery using traditional techniques
(first column) and MAST (second and third columns).

telemedicine and the availability of Internet access to the
medical consumer have increased the public demand for
these procedures. Consequently, more spine surgeons are
seeking training and proficiency in these techniques. The
purpose of this article is to document the history, present status, controversies, and future trends in minimally
invasive spine surgery and its associated technologies.
Discussion will be limited to disc pathology and degenerative and traumatic disorders in the various regions of
the spinal column.

Lumbar Disc Disease

Historical reviews document that the first laminectomy was performed in the US for traumatic disc rupture
in 1829 by A. G. Smith.68,106 Oppenheim and Krause96
reported successful removal of a ruptured disc as early
as 1909. The first unilateral laminectomy was performed
in cadavers by Taylor.99 Mixter and Barr88 are credited
with our earliest understanding of lumbar disc disease
in 1934. One of the earliest milestones in the development of minimally invasive spine surgery and, in particular, lumbar disc surgery, dates back to 1941 with the
discovery of chymopapain. Jansen and Balls57 discovered
that properties of the Carica papaya fruit could cause
depolymerization of the proteoglycan and glycoprotein
macromolecules in the nucleus pulposus. Smith adapted
these laboratory concepts to the clinical setting and performed the first chemonucleolysis procedures in humans
2

in 1969, and this is considered to be the first minimally
invasive spine procedure.120 It involved a needle technology whereby the chemical chymopapain was injected into
the annulus to remove the herniated disc by enzymatic
hydrolysis. In spite of its eventual approval by the FDA,
enthusiasm for this procedure has dwindled, as several reports of arachnoiditis and other associated complications
were published.8,89,121 Descriptions of a 3- to 4-month history of low-back pain from chemical discitis were not
uncommon in the postoperative course of these patients.
In 1975 the first percutaneous nucleotomy technique was
reported by Hijikata.48 Open lumbar microdiscectomy
was popularized 3 years later by Williams132 with his
technological advances that allowed soft-tissue retraction
through a small surgical corridor. Laser-assisted percutaneous discectomy was first reported in 1984,7 and the
nucleotome was developed in animal models by Onik and
colleagues.95 Principles of its mechanism involved rhythmic irrigation, pulsation, aspiration and cutting to retrieve
the disc from inside the annulus. Kambin is credited with
the first percutaneous lumbar discectomy and this was assisted by fluoroscopy in 1987.59 Maroon,80 in 1987, first
reported the clinical use of the nucleotome in a procedure called automated percutaneous lumbar discectomy
(APLD). Many of these procedures were indicated only
for contained disc pathology rather than disc extrusions,
sequestrations, or spondylotic nerve root compression.
The efficacy of many of these techniques compared with
standard disc removal still remains in question.
Neurosurg Focus / Volume 27 / September 2009
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Fig. 2. Images illustrating the MIS lumbar discectomy technique. This case involved a 38-year-old patient who underwent
removal of a large L4–5 left centrolateral disc extrusion. A and B: Intraoperative lateral fluoroscopic images showing dilators
in place (A) and documentation of intended level of surgery using an 18-gauge spinal needle through a 14-mm METRx retractor
(B). C and D: Preoperative MR images.

Tubular access to the lumbar disc was first reported by
Faubert and Caspart31 in 1991 and this led to the way for
development of tubular retractor systems and low profile
instruments. The first report of the microendoscopic discectomy (MED) procedure came from Foley and Smith in
1997.34 The learning curve for these techniques was steep
with significant unintended durotomy rates, which limited their initial popularity.87,92,100 Nevertheless, orthopedic
spine surgeons quickly embraced these techniques due
to their greater familiarity with the arthroscope in joint
surgery. However, with the adaptation of the microscope
to the use of tubular retractors in 2003, the METRx system (Medtronic, Inc.), more neurosurgeons implemented
these techniques. The theory behind these procedures is
to lessen the pain and morbidity of disc access by effectively sparing the muscles. With fluoroscopic assistance,
the paraspinal muscles directly in line with the disc space
on the symptomatic side are sequentially dilated—rather
than being dissected and denuded off the lamina. Once
this is done, a tubular retractor is placed over the dilators.
The dilators are removed and the microscope is directed
to visualize the lamina and interspace to allow bone and
subsequent disc removal with minimal muscular trauma.
Tubular retractors can also be directed over the dorsolateral aspects of the posterior elements, and with aid of the
microscope this can be a very effective surgical option for
far-lateral disc herniation when compared with the tradiNeurosurg Focus / Volume 27 / September 2009

tional open intermuscular or facetectomy approaches.42,94
A more recent technological development in MAST procedures for the treatment of lumbar disc pathology is
intradiscal electrothermy (IDET). This technique was
introduced in 2000 by Saal and Saal.114,115 The popularity of IDET was limited due to lack of clinical trials and
long-term outcome data. This created an environment
where very few carriers allowed preauthorization for its
use, thereby eliminating reimbursement for IDET.
The use of MAST remains controversial in the management of lumbar disc disease as there are still no established guidelines for the surgical treatment of this entity.
Not only is there disagreement on whether minimally
invasive access versus more traditional, open access is
appropriate in the management of these cases but also
whether disc removal itself should be limited or aggressive.10,11 Limited discectomy (LD) involves retrieval of
extruded disc material and intradiscal fragments that are
loose and can be easily removed using pituitary rongeurs.
Disc material may or may not be in contact with the thecal sac or descending or exiting nerve roots. The rationale
for limited disc removal is to preserve the disc and maintain stability and motion. Aggressive discectomy (AD)
involves curettage and removal of not only the protruded,
extruded, or sequestered disc material but also thorough
evacuation of the “parent disc.” Recent studies20,86,131 comparing the 2 techniques suggest that recurrence rates in
3
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approaches to the lumbar disc. However, the relative increase in pain from aggressive removal of disc from the
end plates (AD) when compared to the LD approach can
nullify the advantages of tubular access.

Lumbar Spinal Stenosis

Fig. 3. Photograph showing the MIS L4–5 discectomy incision (7
mm) in the patient in Fig. 2 at 6 weeks after surgery.

patients who have undergone LD tend to be higher in the
initial 6 months following surgery. At 24 months, however, delayed radiculopathy and low-back pain are more
frequent in those who have undergone AD. These latter
symptoms are felt to be due to foraminal narrowing and
disc space collapse. Some surgeons favor LD, as the early
recurrences seen after this procedure are easier to manage
than the delayed symptoms seen after AD. This is due to
the fact that surgery for recurrent disc herniation involves
reexploration of the laminectomy site with disc retrieval,
whereas management of radiculopathy and lumbago due
to disc collapse due to AD often involves arthrodesis, instrumentation, or artificial disc replacement—all of which
represent a much greater undertaking.
Even within our own department at CAVHS, there
are differences in the surgical management of lumbar
disc disease. The senior author (D.E.M.) will typically
perform open AD type procedures with aggressive use of
curettes on the end plates, similar to what would be performed in preparation for interbody fusion. The primary
author (J.H.O.) uses METRx tubes to perform discectomies for first-time herniations (Figs. 2 and 3). Typically
LD is performed in these cases, but AD is used for recurrent herniations to avoid any subsequent need for disc reexploration. Methods include the preoperative selection
of tube diameter (range 14–26 mm). After sequential dilation is completed, a depth measurement is taken from
skin to lamina by reading off a gauge on the side of the
largest dilator, and the appropriate retractor length is selected. The retractor is fixed to the operating table using
a flexible arm attached to a vice clamp. The dilators are
then removed and the microscope is directed through the
retractor. If the tube position needs to be changed, the
largest previously used dilator is reinserted into the retractor and the flexible arm is temporarily loosened. This
effectively allows the dilator to act as lever arm to change
the distal position of the tube and has been referred to as
“wanding.” This technique allows the surgeon complete
disc access in addition to the ability to perform foraminotomies over both the exiting and descending nerve roots.
In our experience, MAST is better tolerated than open
4

The concept of classic open decompressive lumbar
laminectomy for the treatment of spinal stenosis dates
back to 1893 when the procedure was performed by
Lane.71 The first to report the unilateral approach for bilateral spinal canal decompression were Young et al.136 in
1988. Development of this surgical corridor requires the
removal of bone from the ipsilateral spinolaminar junction. The microscope is then utilized to visualize across
the midline, and access is achieved to the contralateral
recess of the spinal canal. Minimal access spinal technique was first adapted to this approach using METRx
tubes, and this was reported independently by Fessler’s
group44,63 and by Palmer et al.97 in 2002. Enhanced visualization is achieved by combining the use of a microscope that allows multidirectional movement (such as the
Contraves [Zeiss]), wanding the tubular retractor, and
side-tilting the operating table. In our experience, up to
2 segments can be decompressed through a single unilateral paramedian incision using this technique (Fig. 4).
The most recent MAST in the treatment of lumbar
stenosis is the X-STOP Interspinous Process Decompression System (St. Frances Medical Technologies, Inc.). This
was first reported by Kondrashov and colleagues in 2006
for treatment of 1- or 2-level disease below L2–3 with
good results.69 The main clinical criterion for selecting
patients for this procedure is neurogenic claudication that
is relieved by flexion.73 The procedure can be performed
under local anesthesia with the patient in the lateral position. It is a minimally invasive technique involving 2
small paramedian incisions. Once access is achieved,
a distractor is placed between the superior and inferior
spinous processes straddling the disc space of the stenotic
segment. Once spinous process separation is optimized, a
permanent spacer is selected based on readings of a gauge
that is read off the distraction tool. Sizes are 8, 10, 12, or
14 mm in diameter. Optimum position of the implant is
in the midline at the spinolaminar junction. The X-STOP
procedure effectively increases neural foraminal diameters indirectly by the divergent splaying of the spinous
processes.105,119 Placement of the implant is straightforward and typically requires minimal operative time because it involves a region of the spine with familiar anatomy, easy access, and low risk. This procedure is gaining
popularity, as results thus far have been very promising
with very low complication rates reported.22,54,70 Should
the device dislodge or fail to relieve symptoms, it can be
safely removed, and other options such as decompression
are still available. Placement of an X-STOP implant is a
minimally invasive spine procedure that has the potential
to broaden the operative management of spinal stenosis
to a larger population of elderly patients whose comorbidities might otherwise have excluded them from the
potential benefits of surgical treatment (Fig. 5). Spinous
process fracture and implant dislodgment are recognized
Neurosurg Focus / Volume 27 / September 2009
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Fig. 4. Intraoperative lateral fluoroscopic images demonstrating
wanding technique used to perform MIS L3–4 and L4–5 decompression. This patient was a 65-year-old woman with a history of neurogenic
claudication secondary to L3–4 and L4–5 stenosis. She went home
symptom free 2 hours after surgery.

complications of the procedure. A PEEK form of the device, released in 2008, should lessen these complications,
but clinical results have yet to be reported. It is anticipated to have good load-sharing properties, which would
allow placement of an X-STOP implant in osteoporotic
patients.

Degenerative Disease of the Lumbar Spine

Historical advances in imaging, spinal instrumentation, and bone graft substitutes have allowed development of both MAST and open procedures for not only
fusion but also motion preservation in the treatment of
lumbar degenerative disease. Early historical milestones
that have profoundly impacted the open surgical management of arthritic spine conditions include the invention of
the radiograph by Roentgen in 1895,40 followed by development of the fluoroscope by Edison in 1896.61 Intraoperative spine imaging was reported as early as 1982 with
use of real-time sonography for the localization of spinal
cord cystic lesions.27 Hounsfield53 announced the invention of the CT scanner in 1972, and this technology has
recently been adapted to 2D and 3D imaging platforms
such as the Iso-C3D (Siemens AG) in 2004, 52 and the O
arm (Medtronic Navigation, Inc.) released in 2005 but
yet to be reported. These machines, which are essentially
portable CT scanners, can provide 2D or 3D imaging and
have features that allow for quick initial registration; they
significantly limit radiation exposure for the operating
room personnel, patient, and surgeon and are excellent
adjuvants to MAST. In 1995, image guidance technologies were first used to perform spine surgery—by Pollack
in the cervicomedullary junction103 and by Nolte for the
placement of pedicle screws.91 The first spinal instrumentation procedure is credited to Hadra, who used wires to
repair a spinous process fracture in 1891.45 The concept
of bone augmentation and arthrodesis for the treatment of
lumbar degenerative disc disease dates back to 1911, and
successful fusions are documented in independent reports
by Albee2 and Hibbs.47 Kleinberg was a pioneer of the
concept of using bone graft for fusion and reported this in
1922.66 Internal fixation as an adjuvant to the procedure
was first described by Venable and Stuck in 1939.127 Over
the past 50 years, allograft and bone substitutes have been
developed, and this has facilitated the growth of minimally invasive procedures beginning with Cloward’s use
Neurosurg Focus / Volume 27 / September 2009

Fig. 5. Intraoperative lateral (A–C) and anteroposterior (D) fluoroscopic images demonstrating the technique of interspinous (X-STOP)
device placement. The patient was a 71-year-old man with a history of
neurogenic claudication relieved by sitting. He was discharged on his
first postoperative day following X-STOP placement and was walking
50 yards with an erect posture, pain free. A: Interspinous spreader
placed between the spinous processes of L-4 and L-5. B: Distraction
achieved. C and D: Final implant position.

of fresh frozen cadaver ileum dowels for anterior cervical
fusion in 1958.24 Graft site morbidity, particularly pain,
has driven the development of allograft harvest and production, and these technologies have culminated in the
discovery and use of genetically engineered products that
contain purified bone growth factors.
Much of the developmental trends in MAST and in
spine surgery in general have been driven by the challenge of achieving arthrodesis in the lumbar spine. This is
true in the realms of spinal instrumentation, artificial disc
replacement (ADR) technologies, and bone graft substitutes. An early illustration of this was the frequent utilization and, arguably, overuse of the interbody cage seen in
the early 1990s that many still refer to as the “cage rage.”
The discovery of bone morphogenetic protein (BMP) and
its use might be considered another example of this. The
development of these substances marks the culmination of
20 years of laboratory research and clinical trials and has
undergone several FDA approvals. The development of
BMP is considered one of the most studied and published
advances in the history of orthopedics.84 Urist124 applied
demineralized bone matrix to the rat exoskeleton and
found that it caused differentiation of cartilage and bone
in 1965. After 19 years of laboratory work, he succeeded
in isolated this substance and labeled it BMP.125 Since the
initial discovery of BMP, 14 different types have been
isolated and meticulously analyzed.21 In 2002, rhBMP-2
(INFUSE, Medtronic) was approved for anterior lumbar
interbody fusion (ALIF) cage procedures; it is reported
to result in fusion rates that are superior to those associated with autograft.17 In 2006, RhOP-1 (rhBMP-7, Stryker
Corp.) was approved for fusion augmentation procedures
in the lumbar spine.16 However, these products are very
expensive, but when length of hospital stay, reoperation
rates, and return to activities of daily living are factored
in, some suggest a net savings.38,41
5
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Fig. 6. Intraoperative fluoroscopic images demonstrating left MIS L3–4 and L5–S1 TLIF procedures with percutaneous
screws and PEEK interbody spacers. The patient was a 35-year-old man with a history of multiple surgical procedures for L4–5
and L5–S1 disc disease. He required 1 day of patient-controlled analgesia use following surgery and his radiculopathy resolved.
A and B: Jamshidi needle placement to junction of pedicle and posterior cortex of vertebral body. C: Soft-tissue dilation and
guidewire placement. D: Cannulated screw placed over a guidewire. E: Right L-4 and S-1 screws in place and Jamshidi
needle in L-5 along with contralateral wires. F: Percutaneous delivery of rod to screws through 3 pedicle screws on the right
using arc system. G: Detachment of rod delivery device on left (left) and anterior view of PEEK interbody spacer (vertical dark
lines) containing rhBMP-2 and local autograft being placed using MAST through a 22-mm METRX tube (right). Guidewires for
pedicle screw are in place at L-4 and S-1, splayed divergently to accommodate tubular retractor. H: Lateral view of PEEK interbody spacer (horizontal dark lines) placement and titanium pedicle screws and rods in place.

The use of BMP, as an adjuvant to autograft or for
primary use in arthrodesis, has been a major technical
advance in the field of MAST in the lumbar spine as these
substances are malleable and small in volume so they can
be easily placed.4,15 Typically, < 1 ml of the product is
added to a collagen carrier or “sponge,” which facilitates
placement in small surgical corridors. Initially, few complications were reported.13,85 Anecdotes about the impressive effects of BMP products on bone formation spread
through the spine surgery community and may have preceded much of the scientific reporting. Enthusiasm for the
product manifested in significant off-label, non–FDA-approved use, and complications were reported. This was
particularly true in the cervical spine, as data suggested
that, not only does BMP cause ectopic bone formation
in posterior fusion, but it can also cause postoperative
swelling, dysphagia, and hematoma in anterior cervical
discectomies.118 The use of BMP in MAST arthrodesis
procedures should continue to be guided by evidencebased medical practice.
The development of spinal instrumentation is significant in the history of MAST. Pedicle fixation was
originally described by Michele and Krueger in 1949.3
The first percutaneous screw placement technique was
6

reported by Magerl in 1982 and involved the use of external fixators.78 The development of technology for
MAST placement of rods and pedicle screws was driven
by concerns over the amount of paraspinal muscle retraction required in the open approaches. Bilateral pedicles
are typically accessed through a midline incision. The
distance to the dorsal pedicle entry point or transverse
process junction is far lateral and deep and may require
significant paraspinal retraction, especially in muscular
and stout individuals. In addition, screw placement is
often performed at the end of a procedure after lengthy
decompression, discectomy, and interbody implant placement, although some spine surgeons place screws first. In
an effort to expose the lateral aspects of the spinal canal,
retraction of the paraspinal muscles is often forceful. In
addition, open lumbar fusions are typically lengthy procedures and require long periods of exposure. The result
of these exposure techniques can be ischemic necrosis of
the paraspinal muscles, and it is our opinion that this is
one of the primary causes of the chronic back pain seen in
postlaminectomy syndrome and “fusion disease.” Efforts
to limit this effect date back to Wiltse in 1988 with the
development of the bilateral muscle splitting approaches
to the dorsal lumbar spine.133 Foley made a significant
Neurosurg Focus / Volume 27 / September 2009
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Fig. 7. Postoperative anteroposterior and lateral plain radiographs
demonstrating PEEK rods (vertical white lines) and interbody spacers
(short horizontal and vertical white lines). The patient was a 61-year-old
man who underwent MIS dynamic stabilization for back pain and radiculopathy following previous decompressive laminectomy at L4–5. The
rods and interbody spacers were placed using MAST—MIS left L4–5
LIF performed using a 22-mm METRx tube and Sextant percutaneous
pedicle screw and rod system.

contribution to resolving this dilemma in 2001 with his
invention of instruments and a technique to pass rods in
a minimally traumatic fashion using an arc-based system
called Sextant (Medtronic).33 Other MIS pedicle screw
systems followed, with the release of the Mantis system in
2007 (Stryker); this is a percutaneous system in which rod
placement is accomplished by top loading but it is yet to
be reported in the literature. Percutaneous pedicle access
and rod placement can not only minimize the issue of
muscle ischemia but can also facilitate medialization of
the distal end of the screw (delta angle), thereby increasing pullout strength. Minimal access spinal technique
also allows the surgeon to bury screw heads deep within
the recess of the transverse process junction allowing for
a lower rod profile. This can lessen the risk of disrupting
the adjacent facet joints outside the intended segments of
the construct.
The Sextant technique involves placing guidewires
through the pedicles passing between 50 and 75% of the
sagittal length of the vertebral body. Jamshidi needles
coupled to intraoperative electromyographic monitoring
can be used to increase safety, and biplanar imaging is
essential. Standard tubular dilation techniques are performed over the wires. A cannulated tap is placed over
them, screw holes are made, and the screws are placed.
The screw towers are then coupled together and an arc device with a perforating tip at its distal end is connected to
them. The tip is then rotated down to meet the skin. A distal stab incision is then made and the arc is pushed through
to make a subcutaneous tract to the aperture of the most
proximal screw. A measuring device is then placed on the
arc system to calculate rod length. The arc is swung back
and temporarily withdrawn, and the perforating tip is replaced with the premeasured rod. It is then passed through
the previously made tract that is typically in an ideal vector to engage both screw apertures. Two-level fixation using 3 screws can be performed using similar techniques
(Fig. 6); PEEK rods for dynamic fixation are also available
and can be placed using MAST (Fig. 7).
Both percutaneous pedicle and facet screw procedures
have served as adjuvants in the development of minimally
Neurosurg Focus / Volume 27 / September 2009

Fig. 8. Immediate preoperative (left) and postoperative (right) fluoroscopic images demonstrating anatomical reduction of a Grade II–III
spondylolisthesis using percutaneous reduction screws in a 48-yearold patient with low-back pain and bilateral radiculopathy.

invasive interbody fusion and ADR techniques. The use
of percutaneous facet fusion techniques was reported by
Jang et al. in 2003.56 The chronology of open techniques
for accessing the disc space includes development of the
ALIF procedure by Burns in 1933,18 PLIF by Cloward
in 1952, 25 ADR by Fernstrom in 1966,35 and transforaminal interbody fusion (TLIF) by Harms and Rolinger in
1982.46 Adaptation of MAST to these technologies began
when Obenchain published the first report of an anterior
laparoscopic disc removal in 1991.93 In 1995, Matthews81
and Zucherman138 pioneered minimally invasive access
that is used for both the ALIF and ADR techniques.
Khoo reported the first MIS–PLIF procedures in 2002.62
In 2006, a paper by Holly and Schwender and colleagues
described good results obtained by performing MISTLIFs using tubular retractors.49 Percutaneous reduction
screws (CD Horizon Sextant, Medtronic, Inc.) were released in 2008, and Park and Foley used this technology
along with PEEK interbody spacers to perform MISTLIF procedures in patients with Grades I and II isthmic
spondylolisthesis. Their results demonstrated that good
deformity correction could be achieved along with clinical outcomes that were comparable to those seen with
the use the open techniques such as Gill laminectomy.98
This has also been the experience of the primary author
(J.H.O.) at CAVHS (Fig. 8). Rosen and Fessler recently
demonstrated that the use of MAST for posterior lumbar
fusion may have significant advantages over traditional
open procedures in the obese population.109
The far-lateral, extracavitary transpsoas approach is
an effective surgical portal to gain access to the anterior
lumbar spine to treat degenerative disc disease using intervertebral spacers and fusion techniques. The direct
lateral transpsoas approaches to the lumbar disc space
(DLIF, Medtronic, Inc.; XLIF, Nuvasive) were developed
as MIS procedures from techniques reported by Mayer
in 199782 and refined by McAffee83 and Pimenta in 1998
(Pimenta L, presented at the VII Brazilian Spine Society
Meeting, 2001). Dissection is straightforward through the
anatomical fat plane of the retroperitoneum with minimal
trauma. It is performed through a long tubular retractor
that is guided by anteroposterior and lateral fluoroscopy.
Prior to dissecting through the psoas muscle, accurate
intraoperative neural monitoring is imperative to local7
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Fig. 9. Example of a PEEK spacer used in a DLIF procedure performed in 32-year-old man who had undergone previous discectomies
at L3–4 and L4–5 and complained of leg and back pain. Left and
Center: Plain radiographs demonstrating an intervertebral spacer containing rhBMP-2. Right: Axial CT scan showing the L3–4 intervertebral spacer.

ize the lumbosacral plexus safely. Small adjustments in
the direction of the tube (wanding) can be made to avoid
these structures based on electromyographic feedback.
Nevertheless, a good understanding of the lumbosacral
plexus and its varying, segment-dependent relationship to
the lateral belly of the psoas and the surface of the vertebral column are essential.12 A recent report documents
that complications are infrequent and consist mainly of
transient leg weakness and dysthesthesiae.67 The PEEK
spacers that have been developed for this procedure are
wide and long and provide a large surface area for fusion,
generous reconstruction of collapsed disc spaces, and
ligamentotaxis for stenosis. These spacers can be used
alone or may be supplemented by lateral plates or posterior screws—all of which can be placed using MAST.
Our practice has been to achieve bicortical purchase giving the implants a tight fit and obviating the need for a
secondary tension band (Fig. 9).
The transaxial approach or AxiaLIF (TranS1, Inc.), a
procedure that utilizes MAST, was first reported in 2004
by Cragg.26 It is typically used for L5–S1 fusions, with
the AxiaLIF implant being placed using a small perianal
incision to expose and develop a surgical plane anterior to
the sacrum and coccyx. An anatomical fat pad is located
in this region that is typically avascular. This facilitates
dissection and opens a wide corridor to the base of the sa-

crum. Using this access, a large threaded rod is placed in
a caudorostral direction down the central axis of the S-1
and L-5 vertebral bodies across the evacuated and decorticated disc space. Bone morphogenetic protein products,
such as BMP-7 or rhBMP-2, or alternative allograft and/
or autograft can then be placed through the device via
a tubular portal to obtain interbody fusion. The TranS1
rod can also achieve distraction of the disc space. Though
this is unfamiliar anatomy to most spine surgeons, early
experience suggests that the procedure has a quick learning curve. The AxiaLIF is not a stand-alone technique
and is typically followed by minimally invasive bilateral
facet or pedicle screw fixation (Fig. 10). The tension band
is necessary to limit axial rotation, keep the implant in
place, and enhance arthrodesis. This procedure might
provide a “virgin” corridor for a previously operated segment if anterior access is contraindicated or might be
used de novo. Another unique feature of this approach
and device is that they enable the surgeon to fuse the transition segment L5–S1 without removing implants from
more rostral, previously instrumented segments. This is
an intriguing concept, but outcomes need to be studied.
Recent FDA approval has been given for 2-level fusions,
L-4 through S-1.

Disorders of the Thoracic Spine

The first surgical management of thoracic disc disease was reported by Benjamin in 1983.14 Thoracic discectomy was adapted to MAST by using the endoscopic
technologies in a cadaver model, and this was reported by
Horowitz in 1994.51 The first clinical reports were published by Rosenthal in 1994110 and later by Jho in 1999.58
These MIS techniques and technologies are far less morbid and can be adapted to many of the open procedures
for thoracic disc access: thoracotomy, costotransversectomy, and the far-lateral extracavitary approach. Refinements of MIS thoracic discectomy technique using the
tubular retractor were reported by Lidar and colleagues
in 2005.77 Disc calcification and midline versus lateral location come into play when choosing a MAST thoracic
procedure just as they do with the more traditional open
approaches.
Minimal access spinal techniques have been adapted

Fig. 10. AxiaLIF technique. Left: Illustration of lateral view of a probe spanning presacral space and fat pad. The instrument
is touching the anterior sacrum at the promontory. Right: Intraoperative lateral and anteroposterior fluoroscopic images demonstrating minimally invasive placement of right L5–S1 facet screw through a tubular retractor. The AxiaLIF rod is in place along
with the contralateral facet screw. Images used with permission from TranS1.
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Fig. 11. Images of a kyphoplasty obtained in a 79-year-old man who
presented with severe low-back pain 2 days after a fall. The patient
underwent kyphoplasty the next day and was ambulating pain-free immediately after the procedure. Left: Preoperative sagittal T1-weighted MR image demonstrating T-12 compression fracture. Center and
Right: Anteroposterior fluoroscopic images demonstrating balloon inflation causing end plate elevation and height restoration (center) and
methylmethacrylate cement placed in void (right).

to the surgical management of osteoporotic compression
fractures. Minimally invasive treatment is ideal for these
lesions as they typically occur in elderly patients who are
often medically debilitated. Prior to 1989, most of these
patients were treated with bed rest and bracing as they
could not tolerate the significant blood loss and anesthetic morbidity generally associated with large open spinal
instrumentation procedures. However, these nonsurgical
treatments made patients susceptible to skin breakdown
and pulmonary emboli from deep vein thromboses associated with immobility. Management often required
extended hospital stays with long periods of rehabilitation at great cost. Vertebroplasty, invented by Galibert in
1984, was considered the first MAST procedure for the
treatment of these lesions, although it was initially used to
manage vertebral angiomas.37 The first report of its use in
the treatment of osteoporotic compression fractures was
by Lapras and colleagues 5 years later.72 This is a needle
technology that involves injecting bone cement under
pressure to fill the osteoporotic bone cavity of a compression fracture. Reports have been promising, although
opponents claim that the results are limited by lack of
height restoration and inadequate correction of sagittal
balance.28,43,137 The technique of inflatable balloon tamp

placement was first reported by Wong and colleagues in
2000 and addresses these issues by restoring height. This
is done by creating a void in the collapsed vertebra by using curettes and expandable balloons of different selected
volumes.134 The cavity associated with the restored vertebral height is then typically filled with methylmethacrylate (Fig. 11). Both procedures can be performed under
local anesthesia by either an interventional radiologist or
a spine surgeon, and multiple segments can be treated in
1 sitting.
Minimally invasive thoracic pedicle screw placement for degenerative and traumatic lesions of the thoracic spine is one of the newest frontiers in MAST. Thoracic pedicles can be small, and surface landmarks can
be challenging to identify even during open procedures.
The morbidity associated with screw misplacement in the
thoracic (as compared to lumbar) segments is much greater because of the greater potential for spinal cord injury,
paraplegia, and great vessel injury leading to death. Open
procedures using laminar and pedicle claw constructs
have been used in the past to avoid these complications,
but extrapedicular fixation tends to be suboptimal, particularly in the setting of severe instability. In addition,
the ability of these latter constructs to achieve deformity
correction can also be limited. Minimally invasive placement of thoracic pedicle screws has been developed using
cannulated screws and the technique is performed using
imaging guidance (for example, intraoperative fluoroscopy). The CD Horizon Longitude system (Medtronic,
Inc.) was released in 2008 and may be used for fracture
fixation, stabilization, and deformity correction. Once the
reduction-type pedicle screws are placed, rods are placed
by means of a hand-held device, similar to a technique
described earlier in this report (Sextant). As reported
by Anand et al.6 in 2008, MAST utilizing percutaneous
pedicle screws has been found to produce favorable results in scoliosis correction. Percutaneous placement of
cannulated pedicle screws has also been used effectively
to treat Chance-type fractures.116 In addition, MIS decompressive laminectomies using tubular retractors, similar

Fig. 12. Example of MIS fracture reduction results. A and F: Sagittal-reconstructed pre- and postoperative CT images
obtained in a 66-year-old with a T-11 fracture-dislocation and an incomplete neurological injury. B–E: Pre- and postoperative
axial CT images demonstrating fracture reduction. Restoration of sagittal balance is shown using percutaneous pedicle screws
and ligamentotaxis. D: Axial CT image showing an MIS-decompression of T-11 that was performed from a left-sided approach
using a 16-mm METRx tube.
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Fig. 13. Final construct from the case illustrated in Fig. 12.
A: Postoperative anteroposterior (left) and lateral (right) plain radiographs. B: Postoperative axial CT images demonstrating pedicle
screws placed using MAST (Longitude system).

to techniques described earlier in this report for lumbar
stenosis, can serve as useful adjuvants to these posterior
rod-screw constructs both to decompress the spinal canal
and to correct deformity (Figs. 12 and 13).

Disorders of the Cervical Spine

Much of what we have learned about the classic open
techniques for the treatment of cervical spine disease is
based on the treatment of traumatic injuries during the
Korean conflict.128 The field of MAST for cervical disease
has progressed over the past decade in spite of greater relative risk in this region of the spine. Some of the earliest
procedures consisted of MIS odontoid screw placement,
which was first reported by Horgan et al. in 1999.50 One
of the main controversies in the open, classical surgical
treatment of degenerative disease of the cervical spine is
whether to address spondylotic and disc pathologies from
an anterior or posterior approach. Open laminoforaminotomy for cervical disc and spondylotic disease was pioneered by Elsberg in 1925.29 This procedure allows the
surgeon to effectively address lateral herniations and/
or osteophytes with preservation of disc space and motion.9,19,32,55 However, many feel that this management is ineffective for neck pain. Anterior cervical discectomy and
fusion (ACDF) was first reported by Robinson and Smith
10

Fig. 14. Transpsoas access (normally used for DLIF and XLIF) for
removal of lateral disc herniation. A: Preoperative MR image obtained in a 68-year-old man who underwent removal of foraminal and
far-lateral disc herniation and a reactive neuroma. B: Intraoperative
fluoroscopic image showing tubular retractor in position with instrument
in the L-3 foramen under the pedicle.

in 1955107 and modified by Cloward in 1958.24 Laminoforaminotomy was first adapted to MAST by Roh using
tubular retractors and endoscopy in cadavers in 2000108
and then in the clinical setting by Adamson in 2001.1 Epstein suggests that there is negative risk-benefit ratio in the
use of MIS cervical foraminotomies and favors the use of
open techniques,30 but it is our opinion that complications
are avoided by eliminating use of guidewires to begin the
process of soft tissue dilation. In 2008, MIS-ACDF using
endoscopic techniques was reported by Ruetten et al.111 In
the same year, anterior cervical nucleoplasty using percutaneous techniques in cadavers was described by Li et
al.76 The use of MAST for cervical instrumentation has
been described. Wang and colleagues130 were the first to
report on its clinical use in the placement of lateral mass
screws. Open cervical laminoplasty was developed as a
treatment for myelopathy by Tsuji in 1982,123 and minimally invasive techniques for this procedure were developed in cadavers by Wang in 2003129 and by Perez-Cruet
in the clinical setting in 2004.101

Miscellaneous Applications

Innovative use of MAST continues to be reported
in the literature. The minimally invasive retroperitoneal
transpsoas approach has been described as an excellent
artificial disc retrieval procedure. Many of the complicaNeurosurg Focus / Volume 27 / September 2009
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tions associated with repeat anterior access surgery, including catastrophic great vessel injuries, can be avoided
in this manner as this corridor can provide a surgical
plane free of adhesions.102 In a recent case report, Leng et
al.75 describe resection of an os odontoideum through an
endonasal technique. Vasudevan et al.126 reported treatment of a gunshot wound to the spine using a METRx
tube. Transoral vertebroplasty has been used to treat a
high cervical compressive fracture, as reported by Tong
and colleagues.122 Lumbar synovial cyst rupture can be
effectively treated by both tubular access113 and percutaneous needle aspiration.5
As discussed earlier, unintended durotomy can be a
complication associated with early experience with tubular retractor use. Chou et al.23 reported a technique for repairing a lumbar CSF leak after a MAST procedure using
a knot-tying instrument outside the retractor. It has been
our observation that the natural history of CSF leak and/
or pseudomeningocele formation associated with MAST
procedures differs from that of these conditions when they
occur in the open setting. Early in our experience, punctate or linear dural tears were successfully managed with
patches and fibrin glue and did not require an overnight
hospital stay or bed rest. Our hypothesis is that the dilatation techniques and METRx access limit the amount of
dead space created and maintain the structural integrity
of the surgical corridor. The muscles can involute once
retractors are withdrawn and this provides effective tamponade for any on-lay durotomy repair products.

Discussion

Since 1969, and especially in the past 2 decades,
there has been a profound evolution in efforts to treat disorders of the spine using minimal access. Much of this
has been fueled by technological advances in microscopy, diagnostic imaging, intraoperative neural monitoring,
intraoperative fluoroscopy/CT, and minimally invasive
spinal instrumentation technologies. The results of these
efforts have reduced health care costs by limiting morbidity and shortening hospital stays. Minimally invasive procedures and technologies can be broadly characterized
as traditional open procedures through small incisions
(open microdiscectomy), fine needle procedures (chemonucleolysis, nucleotome procedures, vertebroplasty, and
kyphoplasty), endoscopy (thorascopic discectomy, deformity management, and trauma management), tubular
retractor–muscle dilation (MED, METRx, XLIF, DLIF,
Sextant, Mantis, and Longitude), and miscellaneous technologies (laser-assisted percutaneous discectomy, APLD,
X-STOP, and AxiaLIF).
Minimal access spine techniques hold promise for
an exciting future. The impact of image guidance on the
acceptance and use of MAST is uncertain. It is our opinion that most of these systems require cumbersome registration and may have steep learning curves that initially
lengthen operating times significantly. However, this may
change with continued utilization of 3D imaging technologies such as the Iso-C3D and O arm. Examples of
current work in MAST clinical research include reports
on hybrid procedures such as open kyphoplasty with SexNeurosurg Focus / Volume 27 / September 2009

tant screws.36 In addition, studies are now being carried
out in both patients and animals using tubular retractors
to perform minimally invasive thoracic corpectomies and
reconstruct the vertebra with expandable cages.64 These
procedures can be performed in the clinical setting for
the treatment of both cancer and trauma. At CAVHS, we
are adapting the MIS extracavitary transpsoas approach
that was initially developed for interbody fusion (DLIF,
XLIF) as a treatment for far-lateral and foraminal disc
herniations above the L5–S1 level (Fig. 14). These approaches along with many of our other uses of MAST are
creating an environment in which more and more of the
individuals who undergo elective spine procedures at our
institution are outpatients or have only overnight hospital
stays—something not seen frequently in the veteran population. Education in MAST has become extremely popular and is currently available in the form of both Continuing Medical Education training and fellowship programs.
In our sister institution, the University of Arkansas for
Medical Sciences, we have now made training in MAST
procedures a regular component of the neurosurgery rotation at CAVHS. Residents are routinely taught to perform
complete or limited discectomy through a 7-mm incision
and 14-mm METRx tube. We hope that more neurosurgical residencies will follow and offer training in these
techniques.
There is a need for continued study of MAST and its
associated technologies. The impact of limited soft-tissue
disruption achieved by these procedures may reduce or
perhaps eliminate the development of adjacent segment
disease. The authors anticipate that these technologies
will play an important role in ongoing technological efforts to preserve motion in the spine. This will most likely
include nuclear replacement substances that are introduced into the annulus.65,104 Facet arthroplasty techniques
are currently being developed117 and appear much more
amenable to MAST than ADR procedures. With these
advancements, the postlaminectomy and failed back syndromes may be significantly reduced. Over time, MAST
technology training will become established in the curriculum of spinal surgery. Continued improvements in
surgical outcomes will occur with greater use and refinements in these technologies and better training in these
procedures.
Disclaimer
The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this
paper.
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