
Neurosurg Clin N Am 17 (2006) 477–489
Minimally Invasive Fusion and Fixation Techniques
Ciaran J. Powers, MD, PhD, Robert E. Isaacs, MD*

Division of Neurosurgery, Department of Surgery, Duke University Medical Center,

PO Box 3807, Durham, NC 27710, USA
Low back pain is one of the most common
conditions causing patients to present to seek
medical care in the United States [1]. Although

most of these patients improve with conservative
management, some require fusion of one or
more spinal segments to treat their condition ade-

quately. Lumbar fusion plays an important role in
the treatment of degenerative disorders of the
spine and may also be appropriate for some cases
of spine fractures, scoliosis, tumors, spondylolis-

thesis, facet joint pain, discogenic pain, and lum-
bar spondylosis [2]. The chances of successful
lumbar spinal fusion are increased significantly

by the addition of a rigid fixation device. In a pro-
spective randomized study of 124 patients under-
going lumbar or lumbosacral fusion in 1993,

Zdeblick [3] showed that rigid fixation with instru-
mentation in addition to autogenous bone graft
resulted in successful fusion in 95% of patients

compared with a rate of only 65% for those pa-
tients without rigid fixation.

Unfortunately, there are significant complica-
tions associated with open instrumentation tech-

niques. These are partially caused by the amount
of exposure classically required to perform these
procedures and the significant muscle dissection

(with its inherent denervation of the erector spinae
muscles) sought for sufficient visualization of the
bony elements. Direct complications that may be

attributed to the approach of these procedures
are numerous. First, an average of greater than
500 mL of intraoperative blood loss is common
with lumbar fusions, and this amount increases as

the number of segments to be fused increases [4].
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Transfusion of blood products places patients at
risk for administrative errors (ie, ABO incompat-
ibility), transfusion-related acute lung injury, and

viral infections [5,6]. Blood loss and the need for
transfusions seem to be less common when mini-
mally invasive techniques are used [7]. Second,

the degree and duration of muscle retraction are
directly correlated with muscle injury. As may
seem obvious, muscle damage has been shown to
be more common in larger spine procedures, be-

cause a greater degree and longer duration of
muscle retraction are required for more extensive
fusions [8,9].

Nearly all articles examining the morbidity of
minimally invasive spine surgery often reveal
dramatic improvements when compared with its

open counterpart. Because the ultimate goal of the
procedure (ie, safely obtaining arthrodesis) re-
mains the same, this benefit can be seen as the

effect of limiting the approach-related morbidity.
Unfortunately, all the risks of spinal surgery
cannot be eliminated. As techniques arise that
allow the same operation to be safely and effica-

ciously performed in more minimally invasive
fashions, one would expect a continued reduction
of the problems that can arise when performing

spinal fusion.
For these reasons, percutaneous instrumenta-

tion andminimally invasive spine fusion techniques

may offer a better alternative to traditional open
fixation techniques by providing the same goals of
surgery with less exposure and muscle dissection.
This review surveys the history of percutaneous

fixation techniques, including percutaneous pedicle
screw fixation, percutaneous lumbosacral inter-
body screw fixation, and percutaneous translami-

nar facet screw fixation.Minimally invasive lumbar
fusion techniques, including laparoscopic anterior
(ALIF) and posterior (PLIF) lumbar interbody
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fusion, and the progression of thoracoscopic fusion
from anterior release to corpectomy are examined.
Further, this review examines the progression of

posterior minimally invasive fusion techniques
more rostral in the spine. Finally, future targeted
therapies using the evolving understanding of the
molecular mechanisms of bony fusion are also

briefly discussed.

Percutaneous pedicle screw fixation

Early use of percutaneous pedicle screw fixa-

tion was in cases of instability from acute trauma
or osteomyelitis. Magerl began using pedicle
screws fixed to an external spinal fixation system

in 1977. This system of external fixation of
percutaneous pedicle screws had been developed
to improve on the conventional treatment of
spinal instability with Harrington rods, which

required fusion of at least five vertebrae [10]. In
1984, Magerl [11] published his series of 65 pa-
tients who had undergone external spinal fixation.

Instability was attributable to acute spinal trauma
in 42 patients, most often unstable burst fractures,
and attributable to osteomyelitis in 8 patients. Re-

duction of fracture-dislocations was achieved dur-
ing surgery after placement of the pedicle screws.
External spinal fixation allowed early postopera-

tive mobilization of the patients, and the device
was removed after approximately 17 to 18 weeks.

Although Magerl did not recommend the use
of external spinal fixation for degenerative disor-

ders, others soon began to investigate broader
applications of this treatment. In 1989, Esses and
colleagues [12] published the results of a prospec-

tive study of temporary external fixation for its
value in predicting the outcome of surgical fusion.
The authors performed a prospective 2-week trial

of external fixation with percutaneous pedicle
screws in 35 patients with chronic low back
pain. Fifteen patients reported complete relief,

and 12 patients reported significant relief of their
pain. Of these 27 patients, 21 underwent subse-
quent open surgical fusion of the segments that
had been immobilized by the external fixator.

Only 4 of these patients who were subsequently
fused reported no improvement or worsening of
their pain. Esses and colleagues [12] concluded

that the temporary rigid immobilization of the
lumbar spine with the external fixator was an
excellent test for patients being considered for

operative fusion. Subsequently, other groups
performed similar percutaneous transpedicular
fixation trials before fusion and found a good
correlation between the results of the test and
the long-term outcome of fusion [13–16].

Recently, others have questioned the utility of

a temporary fixation trial to determine the out-
come of lumbar fusion [17–19]. Bednar [17] found
that only approximately 50% of the patients who
underwent subsequent fusion after a good re-

sponse to temporary fixation continued to have
good pain relief at 2 years. Furthermore, Faraj
and colleagues [19] questioned the utility of the

test after they had significant complications with
the external fixation device. Recently, Heini and
coworkers [20] proposed that the external fixation

test may be more useful as a negative predictor of
outcome after fusion. All told, because of the high
rate of infection seen in these devices, external spi-
nal fixators are not commonly used at the present

time. Further studies are necessary to determine
what role, if any, a trial of percutaneous transpe-
dicular fusion has in the management of back

pain.
The use of percutaneous transpedicular exter-

nal fixation as a temporary method to promote

bony fusion has been proposed by Leu and his
colleagues [21–24] in Switzerland. These investiga-
tors initially focused on endoscopic discectomy

for contained lumbar disc herniations [25]. Subse-
quently, they expanded their indications to in-
clude patients with segmental instability. Using
a biportal approach to the disc space, a discectomy

is performed under endoscopic visualization, fol-
lowed by the placement of bone graft in the pre-
pared disc space [22–24]. To immobilize the

affected segment, percutaneous transpedicular fix-
ation is performed in the fashion of Magerl. The
external fixator is kept in place for 12 weeks; at

that time, imaging studies are performed to assess
completeness of bony fusion and the hardware is
removed. An obvious advantage of this technique
is that patients undergo minimally invasive sur-

gery and can ultimately be free of any internal
hardware. The major disadvantage is that patients
must live with an external fixator requiring special

care to prevent infection and a special mattress on
which to sleep. Leu and Hauser [22] have reported
that their patients generally tolerate this treatment

well but allow that other patient populations may
not accept the inconvenience. Nevertheless, they
have had generally good outcomes with this

technique. Of 50 patients treated with endoscopic
discectomy and percutaneous transpedicular fixa-
tion, solid bony fusion was achieved in 42 cases
[22]. Whether this technique gains wide accep-

tance remains to be seen.
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These experiences with percutaneous pedicle
screw placement have led to the development of
more sophisticated minimally invasive instrumen-
tation techniques, such as that described by Foley

and Gupta [26] in 2002. They described the mod-
ification of an existing multiaxial pedicle screw
system to allow the percutaneous placement of

a connecting rod between two spinal segments.
The modification consisted of extension sleeves
that fit over the pedicle screws and constrained

their orientation so as to allow an attached rod-
insertion device to pass a rod between the two
screws percutaneously. Foley and Gupta [26]

described their results in 12 patients, all of
whom underwent some other fusion procedure
(ie, anterior interbody fusion) during the same
operative session. All patients developed solid

fusion, with amean follow-up of almost 14months.
One of the major advantages of this method over
other percutaneous techniques was that the

connecting rods were placed under the muscle
fascia, allowing shorter pedicle screws (thus,
a shorter motion segment) and generating a more

rigid arthrodesis than with external fixation.
The percutaneous placement of pedicle screws

remains a technical undertaking requiring signif-

icant experience for safe placement of the hard-
ware. In a human cadaveric study in 1999,
Wiesner and coworkers [27] reported a 10% mis-
placement rate of 360 pedicle screws. Most mis-

placements (32 of 37) were medial, and only 7
had pedicle violations greater than 3 mm. One
year later, in 2000, Wiesner and colleagues [28]

again reported the results of their investigations
into misplaced percutaneous pedicle screws. The
authors examined the CT scans of 51 patients

who had undergone the external fixation test. Of
408 pedicle screws, only 27 (6.6%) were mis-
placed. Again, most misplacements (19 of 27)
were medial. In addition, of all spinal levels, S1

showed the highest misplacement rate (12%).
From these reports, it is reasonable to assume
that the rate of misplaced pedicle screws histori-

cally lies somewhere between 6% and 10%, even
in experienced hands. Intraoperative fluoroscopy
has been used to improve the rate of correct per-

cutaneous pedicle screw placement and should
be considered an essential component of the pro-
cedure [29,30]. Familiarity and extensive use of

percutaneous instrumentation systems have been
shown to decrease the rate of minimally invasive
lumbar pedicle screw misplacement, which seems
to have decreased to a 1% medial breach rate

[31]. With our last nearly 300 pedicle screws
implanted, more than half of which have been
confirmed by CT, only a single medial breach
has been detected (Fig. 1) [32].

Percutaneous translaminar facet fixation

The first description of isolated percutaneous
facet joint fusion was published by Stein and
colleagues [33] in 1993. Jacobs and coworkers [34]

had previously described the use of translaminar
facet screws as an adjunct to lumbosacral fusion,
and Stein and colleagues [33] investigated the effi-

cacy of isolated percutaneous facet joint screws in
a human cadaveric model and a canine model.
The authors inserted a guidewire into the facet

joint under fluoroscopic guidance. Next, a bone
trephine apparatus was introduced coaxially. A
core of bone and cartilage was removed from
the joint and replaced with a hydroxyapatite

bone plug. The animals had no restriction on
activity for 4 months. The authors reported
successful radiographic fusion in 5 of 12 manipu-

lated facets. In this report, Stein and colleagues
[33] demonstrated the feasibility of percutaneous
access to the facet joint.

Capitalizing on this concept, Jang and
coworkers [35,36] and Shim and colleagues [37]
have reported their results with translaminar facet

joint fixation with percutaneous screws as an
adjunct to ALIF. Jang and coworkers [36] first
reported their results in 2003. The authors used
a novel guide device to place percutaneous trans-

laminar facet screws in 18 patients who also un-
derwent ALIF for degenerative lumbar disease.
The procedure took less than 20 minutes for a sin-

gle level, and postoperative CT showed 100%
proper screw placement. In 2005, Jang and co-
workers [35] reported the results of a retrospective

study of 84 patients undergoing ALIF with addi-
tional posterior fusion. Forty patients underwent
ALIF and pedicle screw fixation, whereas 44

patients underwent ALIF and percutaneous facet
screw fixation. There was no significant difference
in clinical outcome or radiographic fusion at 2
years of follow-up. Nevertheless, there was a

significant difference in operative time, with per-
cutaneous instrumentation taking an average of
18 minutes compared with 47 minutes for pedicle

screw fixation. Shim and colleagues [37] have
reported similarly encouraging results on their
experience with percutaneous facet joint fixation

under fluoroscopy. The major advantage of this
technique is a short operative time and minimal
muscle retraction as compared with open



480 POWERS & ISAACS
Fig. 1. Postoperative reconstructed CT scan images demonstrate the potential accuracy of percutaneous spinal instru-

mentation in the thoracic and lumbar spine as revealed in postoperative coronal (A, B), sagittal (C), and axial (D, E) CT

scan images.
placement of pedicle screws. No direct compari-
son with percutaneous pedicle screw instrumenta-
tion as an adjunct to ALIF, as described by Foley
and Gupta [26], has been performed, however.

Percutaneous lumbosacral interbody fixation

Percutaneous instrumentation has also been
used to facilitate fusion at the lumbosacral joint.

Unlike other lumbar levels, the L5-to-S1 joint is
characterized by greater inaccessibility because of
its depth, a thicker layer of covering muscles, and
its mechanical characteristics (a transition point
between the lumbar and sacral spine). Posterolat-
eral fusion alone for L5-to-S1 spondylolisthesis is
associated with a high rate of pseudoarthrosis,

likely because of the high degree of mechanical
stress at this junction [38]. Kim and coworkers
[39] have defined two factors that improve fusion

for spondylolisthesis in adults: (1) combined ante-
rior and posterior fusion and (2) rigid postopera-
tive immobilization. Given their overall better

health and propensity to fuse, children with spon-
dylolisthesis often do well with uninstrumented
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posterolateral fusion alone [40]. Conversely, adults
have been shown to have a high rate of failure even
with posterior segmental instrumentation. ALIF
[41] and PLIF [42] techniques have been described

for lumbosacral fusion, but these can be compli-
cated by nerve injury and extensive blood loss.

Minamide and colleagues [43] have studied the

biomechanical properties of transdiscal L5-to-S1
screws for lumbosacral fusion. They described
a technique for placing S1 pedicle screws through

the S1 pedicle, through the superior end plate of
S1, through the inferior end plate of L5, and ter-
minating in the L5 body. Using a human cadav-

eric model, the authors found that transdiscal
fixation was 1.6 to 1.8 times stiffer than pedicle
screw fixation alone and was equivalent to com-
bined interbody and/or pedicle screw fixation.

One of the major advantages of this technique is
that exposure and retraction of nerve roots are
unnecessary for placement of the instrumentation.

In 1996, MacMillan and coworkers [44,45]
presented their experience with percutaneous
lumbosacral fixation and fusion using placement

of transdiscal interbody L5-to-S1 screws. First,
in a cadaveric study, the authors placed 30 percu-
taneous Steinmann pins through a corridor from

the iliac crest through the S1 pedicle to the S1
end plate, continuing through the L5-to-S1 disc
space and into the L5 vertebral body. A continu-
ous bony corridor with an average width of 18

mm extends from the S1 pedicle outward to the il-
ium and is the initial segment of the fixation.
Next, in a prospective clinical study, MacMillan

and coworkers [44] performed percutaneous lum-
bosacral fixation in 14 patients with lumbosacral
disease. The patients also underwent an L5-to-S1

discectomy and placement of bone graft in the
disc space using the intradiscal corridor. To en-
sure standard of care, the patients also had pos-
terolateral fusions performed using a paraspinal

muscle-splitting approach. Thirteen of the 14
patients had good bony fusion at the lumbosacral
disc space between 9 and 12 months after surgery,

as seen by CT scanning.
Encouraged by these results, MacMillan [46]

went on to perform a second prospective study us-

ing the placement of a mesh cylinder packed with
bone graft through the intradiscal corridor. As
with the earlier study, all patients also received

posterolateral fusion for additional support. Of
the 15 patients who underwent this technique
and were available for follow-up, 93% had suc-
cessful bony fusion at 2 years. Although this tech-

nique seems to be appealing for lumbosacral
fusion, other groups have yet to report on their
experience (Fig. 2).

Minimally invasive posterior lumbar interbody

fusion

In 2002, Khoo and colleagues [47] first descri-
bed a minimally invasive percutaneous technique
for lumbar interbody fusion using a posterior

approach. The authors first performed a cadaveric
study to test feasibility and then applied the tech-
nique to three patients. Using fluoroscopic guid-

ance, small bilateral stab incisions were made 1
to 1.5 inch lateral to midline. A guidewire was
placed through the stab incisions down to the

facet, and serial dilators were then passed, cumu-
lating in a 20-mm working channel, which was
fixed in place by a flexible arm mounted to the op-
erating table. Under endoscopic visualization,

hemilaminectomy and discectomy were performed
with the dura retracted medially. Next, the end
plates were prepared, and an interbody distractor

was introduced into the disc space. The same se-
ries of steps was performed on the contralateral
side. Autologous and allograft bone was placed

into the disc space, and the tubular retractor sys-
tem was removed. Instrumentation of the same
level was then performed, again under fluoro-

scopic guidance, placing percutaneous pedicle
screws in the manner described by Foley and
Gupta [26]. The authors reported an average oper-
ating time of 5.4 hours and an inpatient stay of

less than 3 days.
Recently, several groups have presented their

experience with minimally invasive transforaminal

lumbar interbody fusion (TLIF). Schwender and
coworkers [48] reported their initial results in 49
patients in February 2005. As with Khoo and

colleagues [47], a combination of the tubular
retractor and percutaneous pedicle screw-rod
placement systems was used. The tubular retrac-

tor was docked unilaterally on the facet joint;
after facetectomy and discectomy, allograft or
interbody cages were placed through the tubular
retractor. Next, bilateral percutaneous pedicle

screws and rods were placed. At follow-up, all
patients had solid radiographic fusions.

Recently, we have presented our experience

with microendoscopic transforaminal interbody
fusion (METLIF) [7]. Using microendoscopic
technology, we performed a unilateral hemilami-

nectomy, facetectomy, and discectomy, followed
by the placement of bone allograft into the disc
space (Fig. 3). As with the techniques described
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Fig. 2. (A) Intraoperative image guidance planning for placement of transalar screws. (Courtesy of M. MacMillan, MD,

Gainsville, FL.) (B) Various percutaneous approaches to fuse across L5 to S1 have been proposed, including a transsacral

screw. (Courtesy of E. Nottmeier, MD, Jacksonville, FL.)
by Khoo and colleagues [47] and Schwender and

coworkers [48], the fusion was instrumented with
percutaneous pedicle screws. In comparison to
the standard open TLIF, we found a substantial

difference in blood loss (mean of 226 mL in
METLIF group and mean of 1147 mL in TLIF
group; P ! .001). This was also reflected in the

need for postoperative transfusion (0% inMETLIF
and 17% in TLIF; P ! .001). In addition, as is
to be expected with minimizing approach-related
morbidity with a minimally invasive technique,

the METLIF group had a mean hospital length
of stay (LOS) of only 3.4 days compared with
5.1 days for the TLIF group (P ! .02) and re-

quired only half as much pain medication.

Minimally invasive anterior lumbar fusion

The benefits of laparoscopic surgery in the
late 1980s led surgeons to find other potential
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applications for this technology. In 1991, Oben-

chain [49] presented the first case report of a lapa-
roscopic lumbar discectomy. The patient was
a young man with an acute L5-to-S1 herniated nu-
cleus pulposus who underwent outpatient laparo-

scopic discectomy. Because of the biomechanical
superiority of interbody fusion gained from tradi-
tional ALIF, it was not long before others began

attempting laparoscopic ALIF. Several case series
were reported in the literature in the mid-1990s
with the early results of laparoscopic ALIF

[50,51]. Reported complications included iliac
vein injury [50], bladder injury [51], and retro-
grade ejaculation [51]. On the whole, however,

Fig. 3. Early postoperative axial CT scans acquired in

a patient who underwent an L4-to-L5 microendoscopic

TLIF reconstructed with allograft bone (A) and in an-

other patient undergoing a minimally invasive TLIF us-

ing an interbody cage (B). These reveal the location of

fascial entry (black circle), approach angle of the proce-

dure (black arrows), and various treatment options for

obtaining interbody fusion. Note how little thecal sac re-

traction is required to place a graft in when using a para-

median approach to L5 to S1 (white circle and lines).
patients tolerated the procedure well and demon-
strated good bony fusion on follow-up imaging
studies (Fig. 4). In 1996, Mahvi and Zdeblick
[52] presented their prospective experience with

20 patients who underwent laparoscopic ALIF.
Although two of the cases were converted to
open ALIF because of intraoperative complica-

tions, the results were otherwise encouraging,
with a short hospital LOS (average of 1.7 days),
excellent pain relief in 60% of patients, and radio-

graphic fusion in those patients studied at 6
months.

In spite of these early encouraging results,

laparoscopic ALIF failed to gain general accep-
tance. Heniford and colleagues [53] explained this
as a result of the expense of laparoscopic equip-
ment, the technical demands of the procedure,

and the fact that intraoperative complications
were often severe (eg, vascular injuries). In fact,
it is also likely that the laparoscopic ALIF failed

to gain wide acceptance because the results were
not significantly better than those of open tech-
niques. The potential advantages of laparoscopic

ALIF were further undermined by the develop-
ment of the so-called ‘‘mini-ALIF,’’ as first de-
scribed by Wolf and Meier [54] in 1999. The

mini-ALIF minimized the operative approach
and took advantage of modern microsurgical
technique (Fig. 5). Furthermore, although the lap-
aroscopic ALIF was generally limited to lower

lumbar levels (L4–L5 and L5–S1), the mini-
ALIF could be used to access from L2 down to
L5. Although studies directly comparing laparo-

scopic and mini-ALIF have variably shown differ-
ences with respect to operative time or hospital
LOS, they have failed to show any significant dif-

ference with respect to postoperative pain or suc-
cess of fusion. Currently, the high degree of
technical skill required for laparoscopic ALIF
limits the practice to only a few centers.

Thorascopic fusion

In the early 1990s, as the superiority of video-
assisted thoracic surgery (VATS) over traditional

thoracotomy was recognized with respect to post-
operative pain, shoulder dysfunction, and pulmo-
nary status [55], several groups began applying

this technology to treatment of spinal disorders
(Fig. 6). Animal studies reported no differences
between VATS and open thoracic interbody fu-

sion with respect to the amount of disc resected
[56] or mechanical stability [57]. Initially, VATS-
guided fusion was used for thoracic spine trauma
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Fig. 4. Postoperative flexion-extension plain films of a patient who has undergone a laparoscopically assisted ALIF us-

ing bone morphogenic protein and allograft bone plugs. Despite the relatively less aggressive disc space preparation clas-

sically used with the laparoscopic approach, a solid interbody fusion has been achieved.
[58] or for anterior release as part of scoliosis

repair [59,60]. In addition, current indications
include corpectomy for osteomyelitis or meta-
static tumor [6]. The major advantage with

VATS fusion is minimization of approach-related
morbidity, and the incidence of pneumonia or
pneumothorax is less than 2% [6].
In 2002, Anand and Regan [61] presented their

series of 100 patients who underwent VATS tho-
racic disc surgery. The patients were classified by
a clinical grading system based on their presenting

symptoms: grade 1, pure axial pain; grade 2, pure
radicular pain; grade 3A, axial and thoracic radic-
ular pain; grade 3B, axial and lower extremity
Fig. 5. Preoperative (A, B) and postoperative (C, D) images of a lateral percutaneous interbody fusion. As opposed to

laparoscopic ALIF, by accessing the interbody space without having to mobilize the anterior vascular structures or their

associated branches and without having to dissect through the superior hypogastric plexus, the lateral percutaneous ap-

proach is gaining favor as a minimally invasive alternative to the ALIF procedure.
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pain; grade 4, myelopathy; and grade 5, paralysis.
Two thirds (n ¼ 66) of the patients received

a grade of 1 or 3A. A total of 117 discs were ex-
cised in these 100 patients, and 50 patients re-
quired fusion of one or more adjacent segments.
Minor complications occurred in 21 patients,

and no patient had a worsening of neurologic sta-
tus. Overall clinical success, defined as a greater
than 20% improvement in the Oswestry score,

Fig. 6. Thoracoscopic fusion techniques allow for multi-

level spinal arthrodesis.
was achieved in 70% of patients, and there was
an 84% overall subjective patient satisfaction rate.

Beisse and his colleagues [62] have published
their vast experience with VATS fusion for tho-

racic and lumbar fractures. Between May 1996
and May 2001, 371 patients with fractures be-
tween T3 and L3 were treated with a thoracoscopi-

cally assisted procedure. Seventy-three percent of
the fractures were located at the thoracolumbar
junction, and in almost 50% of patients, mobiliza-

tion of the diaphragm was performed (Fig. 7).
One third of the patients underwent only anterior
reconstruction with instrumentation, whereas the

remaining two thirds required supplemental pos-
terior pedicle screw instrumentation. The authors
reported a low serious complication rate (aortic
injury, splenic contusion, neurologic deteriora-

tion, cerebrospinal fluid [CSF] leak, or wound in-
fection) of only 1.3%. Furthermore, compared
with a group of 30 patients who underwent an

open thoracotomy, the thoracoscopically treated
patients required 42% less narcotics for postoper-
ative pain control.

Combined minimally invasive fusion techniques

The marriage of various endoscopic and min-

imally invasive techniques has allowed our group
to perform a variety of complex surgical fusions
in a less invasive fashion using a combination of
the techniquesmentionedpreviously.After proving
Fig. 7. Preoperative (A) and intraoperative (B–D) images of a patient undergoing a thoracoscopic vertebrectomy and

reconstruction for an L1 burst fracture. Given the location of the fracture, a 3-cm diaphragmatic incision was required

to access the retroperitoneal space, remove the vertebra, and reconstruct the spine.
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the relative safety of percutaneous pedicle screw
instrumentation in the thoracic spine [32], percuta-
neous pedicle screw instrumentation has been used

to treat most burst fractures, fracture-dislocations,
and flexion-distraction injuries seen at our institu-
tion over the past 3 years [32]. These techniques
have further been adapted to the posterior endo-

scopic treatment of pathologic burst fractures
from cancer. When required, minimally invasive
circumferential reconstruction andhardware appli-

cation can be performed as well (Fig. 8).

Minimally invasive cervical fusion

There has been little application of minimally
invasive percutaneous techniques for instrumen-

tation of the cervical spine. Currently, there are
only two reports in the literature of minimally
invasive instrumentation of the cervical spine,

both with lateral mass screws. In 2003, Wang
and coworkers [63] described their experience
treating three patients with traumatic single-level
facet dislocations. Two patients were successfully

reduced with traction, underwent anterior decom-
pression and fusion, and were then turned prone
for posterior percutaneous lateral mass screw
placement. A third patient underwent open poste-

rior decompression, followed by percutaneous lat-
eral mass screw placement (Fig. 9). The authors
reported no follow-up data for these three pa-

tients, because their goal was only to report the
feasibility of the technique. In 2005, Fong and
Duplessis [64] also described minimally invasive

percutaneous lateral mass screw fusion in two pa-
tients with traumatic facet dislocation. As with the
first two patients of Wang and coworkers [63],
these patients had anterior decompression and fu-

sion of the affected level, followed by minimally
invasive posterior fusion with lateral mass screws.
Again, no follow-up data were reported. On the
Fig. 8. Because unstable osteoporotic burst fractures have been shown to fail at an unusually high rate when a stand-

alone anterior approach is used, a short-segment anteroposterior construct, with both stages being performed in a min-

imally invasive fashion, may be a preferential form of treatment. Shown are the intraoperative images (A), postoperative

radiographs (B), and clinical images (C) of a 75-year-old man with a chronic osteoporotic burst fracture requiring a lap-

aroscopic-assisted L3 vertebrectomy augmented with percutaneous pedicle screw instrumentation. Operated on for pro-

gressive paraparesis because of incessant collapse, he required a walker for ambulation before surgery as the result of

a bilateral foot drop. Three years out from surgery, although originally on chronic narcotics, he is off pain medication,

neurologically improved to normal, and walking independently, without a significant loss of correction.
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Fig. 9. Intraoperative fluoroscopic images (A, B) and postoperative CT scan images (C, D) of lateral mass screws placed

in a minimally invasive fashion highlight the potential of the minimally invasive surgery techniques in the cervical spine.

(Courtesy of M. Wang, MD, Los Angeles, CA.)
whole, percutaneous posterior fusion is appealing

insofar as it preserves the posterior tension band
provided by posterior ligaments and muscles.
Nevertheless, much more work needs to be done
in this area to determine if the biomechanical ben-

efits have practical significance.

Future directions

The goal of stable bony fusion of a spinal

segment requires stabilization of the joint and the
necessary local milieu so as to promote bone
ingrowth. Instrumentation is performed to pro-

vide stabilization long enough for bony fusion to
occur. An osteogenic environment is generated by
the placement of material (ie, bone graft) pro-

viding a structure into which new bone may grow.
It is relatively straightforward to place bone graft
into the appropriate location when a fusion pro-
cedure is performed in an open fashion, because

the location is directly visualized. For true isolated
percutaneous fusion to be realized, it is necessary
not only to provide adequate stabilization but to

generate the milieu necessary for bony fusion.
The evolving understanding of the molecular

mechanisms of osteogenesis is already generating

novel directed therapies. Ideally, a drug would be
delivered to the fusion site at the same time as
instrumentation and would consistently result in
bony fusion. Bone morphogenic proteins (BMPs)

comprise a family of polypeptides within the
transforming growth factor-b (TGFb) superfam-
ily that induce ectopic bone formation by a well-
characterized pathway [65]. Alden and coworkers

[66] have demonstrated lumbosacral fusion in rats
injected at the lumbosacral junction with a replica-
tion-deficient adenovirus expressing BMP-2. Stud-

ies such as this provide encouragement for progress
of percutaneous techniques for spinal fusion.

Summary

An increasing awareness of health care costs
and a more medically informed population drive
surgeons to find more efficient ways of appropri-

ately caring for patients. Percutaneous techniques
for spinal fusion offer patients a better chance for
a shorter hospital stay and a more rapid return to
full physical activity, both through a smaller in-

cision compared with open techniques. Since the
first description of percutaneous instrumentation
by Magerl [11] in 1984, there has been a rapid de-

velopment of novel percutaneous and minimally
invasive techniques for spinal arthrodesis. Much
work remains to be done, especially regarding

cervical fusion and the incorporation of our better
understanding of the molecular and cellular mech-
anisms of bony fusion.
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