Review Article

Page 1 of 8

Minimally invasive spine surgery for degenerative spine disease
and deformity correction: a literature review

Marios G. Lykissas', Dionysios Giannoulis’

'Department of Orthopaedic Surgery, University of Crete School of Medicine, Heraklion, Greece; “Department of Orthopaedic Surgery, University

of Ioannina School of Medicine, Ioannina, Greece

Contributions: (I) Conception and design: MG Lykissas; (II) Administrative support: Anna Manesis; (IIT) Provision of study materials or patients: MG

Lykissas; (IV) Collection and assembly of data: D Giannoulis; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors;

(VII) Final approval of manuscript: All authors.

Correspondence to: Marios G. Lykissas, MD. Department of Orthopaedic Surgery, University of Crete School of Medicine, Voutes, Heraklion PC

71003, Greece. Email: mariolyk@yahoo.com.

Abstract: During the last two decades, minimally invasive techniques and instruments in spine surgery

have undergone serious development in all fields. Specific advantages of these minimally invasive methods

have put them forward in spine surgery in recent times. Preservation of important anatomical structures of

the spine is a major factor for the evolution of these procedures. The lower prevalence of complications and

faster rehabilitation of patients are some of the advantages of minimally invasive spine surgery (MISS). Due

to the increasing use of minimally invasive methods in the clinical practice worldwide, there is a strong need

for clarification of basic principles, tips and tricks, complications, and clinical outcomes. This review is an

effort to provide a better understanding of some of these procedures.
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Introduction

Several minimal-access techniques have evolved during the
last two decades in spine surgery. This evolution has been
noted in endoscopic and percutaneous approaches as well
as in spinal instrumentation and implants (1). The goal
of minimally invasive spine surgery (MISS) is to improve
clinical outcomes, reduce complications and hospital stay,
and facilitate rehabilitation and return to normal activities
of daily living (1). Compared to open procedures, MISS
is characterized by less soft tissue damage, less blood loss,
less post-operative pain, smaller and cosmetically more
acceptable incisions, faster recovery, less hospital stay, and
in some cases fewer complications.

Specific aspects should be taken into consideration
in MISS, such as the difficulty in understanding the 3D
anatomy of the spine and the difficulty in using instruments
through a limited field. Another special issue with MISS

© Annals of Translational Medicine. All rights reserved.

is the increased cost and radiation exposure, as well as the
steep learning curve (1-3).

The purpose of this review article is to discuss novel
techniques of MISS for degenerative spine disease and
deformity correction.

Discectomy

In the United States, lumbar disk herniation is second
in incidence following upper respiratory tract infections.
MISS methods have been extensively used in the surgical
treatment of lumbar and cervical disc herniation during the
last decade. When compared to standard microdiscectomy,
minimally invasive discectomy techniques are considered
less traumatic surgical procedures and have all shown
promising outcomes, especially in the early postoperative
period. Promising results have been reported with the
tubular micro endoscopic discectomy. Another successful
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minimally invasive method used for the treatment of disc
herniation is percutaneous endoscopic microdiscectomy
technique. It is worthy to mention that in some minimally
invasive discectomy procedures the patients are kept awake
during the procedure enabling complete removal of the
fragment (4).

In a recent meta-analysis of the literature which included
16 randomized controlled trials comparing standard
discectomy versus minimally invasive discectomy for the
treatment of lumbar disc herniation, it was found that
minimally invasive discectomy was more likely to increase
the recurrence rate and the operating time (4). On the other
hand, in minimally invasive discectomy smaller incisions of
the skin and fascia were used and shorter hospital stay was
recorded. Another important finding was the lesser blood
loss that was reported with the MISS methods and the fact
that no statistically significant differences were observed in
regard to the radiation exposure and cost.

Minimally invasive posterior cervical foraminotomy with
or without discectomy is a well-established method for
addressing cervical radiculopathy secondary to foraminal
stenosis or a laterally located herniated dick. In selected
patients with cervical disc herniation these MIS procedures
can guarantee satisfying results in regard to pain relief and
function improvement. Decreased recurrence rates and
similar adjacent-level disease rates compared to standard
open techniques have been reported (5).

Transforaminal lumbar interbody fusion (TLIF)

Minimally invasive transforaminal lumbar interbody fusion
(MIS TLIF) was first described in 2003 (6). Optimal
visualization of the operative field is possible with the
introduction of special dilators and tubular retractors that
reduce soft tissue damage and allows insertion of large cases.
There have been several studies reporting better outcomes
with MIS TLIF when compared to open TLIF in regard to
length of hospital stay, blood loss, rehabilitation period, and
return to activities of daily living (7,8).

MIS TLIF has been successfully used for the treatment
of adult spondylolisthesis (degenerative or isthmic). MIS
TLIF indications include a broad field of degenerative
spine pathology, more often degenerative disc disease, disc
herniation, pseudoarthrosis, and spondylosis. Patients with
active infection, nerve root pathology, severe osteoporosis
and extensive epidural scaring are not suitable for this
technique. In patients with neurogenic claudication or
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radiculopathy, decompression and fusion can be performed
with minimal soft tissue damage and blood loss, offering
the advantage of low morbidity in elderly patients with
significant co-morbidities (9). Theoretically, MIS TLIF
preserves the natural posterior tension band. In addition,
the use of muscle-splitting tubular retractors further limits
the injury to the ipsilateral paraspinous musculature, which
decreases postoperative pain.

Disadvantages include the steep learning curve, the
increased operation time than conventional lumbar fusion,
the difficulty to treat bilateral symptoms using a unilateral
approach, and the increased radiation exposure than
conventional lumbar fusion (9).

In a study by Dhall er al. (10), 21 cases of MIS TLIF
were compared with 21 cases of open TLIF. Blood loss and
length of hospital stay were significantly reduced in the MIS
TLIF group. On the other hand, hardware complications
were found to be more in the MIS TLIF group.

MIS TLIF was found superior compared to the
conventional open methods in a cost-utility study (11).
Less or similar complications to the open procedure were
reported in several studies (12,13). According to studies
reporting long-term clinical outcomes, MIS TLIF is an
adequate method of treating spine pathology (14) with a
steep learning curve (13).

In 318 patients who underwent MIS TLIF a fusion rate
greater than 95% was reported with an average fusion time
of 6.8 months (15). In another study in 64 patients, MIS
TLIF was found to be superior to open TLIF in terms of
Oswestry Disability Index (ODI), pain and SF-36 score
improvement 2 years after surgery (8).

Lateral lumbar interbody fusion (LLIF)

The minimally invasive direct lateral retroperitoneal
transpsoas approach for lumbar interbody fusion has been
developed as an alternative to the well-established anterior
lumbar interbody fusion (ALIF) (Figure I). The LLIF
technique combines the biomechanical and biologic benefits
of ALIF when compared to dorsally-based interbody
procedures with the advantages of any minimally disruptive
procedure. One of the major risks of this approach is
neurological injury to the lumbosacral plexus (16). In order
to avoid iatrogenic complications and increase the safety of
the procedures a “safe corridor” has been developed (17).
LLIF has been advocated and showed successful outcome
in the setting of many adult degenerative disorders, such
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Figure 1 Lateral lumbar interbody fusion. With the patient in the lateral decubitus position (A) and through a transpsoas approach the

spinal level to be fused is identified using a guide wire (B). A special retractor is used (C) to allow safe disk preparation without injuring the
adjacent neural elements of the lumbosacral plexus (D). The contralateral annulus is detached using a cobb elevator (E). The disk space is

prepared using curettes, rongeurs, and trials (F). The appropriate size cage is filled with bone graft or bone substitute and inserted in the

disk space (G).

as degenerative disk disease and degenerative or low-grade
isthmic spondylolisthesis (16-21). Degenerative pathology
of the lumbar spine, such as lumbar degenerative scoliosis
with laterolisthesis, can be treated with LLIF. On the other
hand, extensive central canal stenosis cannot be treated with
LLIF (22). Also, high grade spondylolisthesis is not suitable
for LLIF. Severe facet arthropathy, deformity, abnormal
vascular anatomy, previous retroperitoneal surgery and
instability are contraindications for this method. Advantages
of this minimal invasive procedure include improved graft-
host interface, high fusion rates, decreased blood loss, early
patient mobilization, and decreased hospital stay. It can
provide indirect foraminal decompression and avoid direct
posterior decompression.

It is also a powerful tool for the restoration of spinal
alignment including correction of the coronal curve of the
lumbar spine and increase of segmental lumbar lordosis
in adults with degenerative scoliosis. Although no relation
has been found between the development of postoperative
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neurologic deficit and the amount of coronal curve
correction or the degree of increase in lumbar lordosis, a
strong association was identified between postoperative
anterior thigh/groin pain and the magnitude of curve

correction or the change in lumbar lordosis (23).

Oblique lumbar interbody fusion (OLIF)

OLIF allows direct access to the disc space with
preservation of the psoas muscle and without laminectomy,
facetectomy or injury to the spinal or paraspinal muscles.
With the patient in the lateral decubitus position, using
the image intensifier the incision is made based on the disc
configuration (laterally and paramedian). The levels that
can be treated with OLIF are LL1-S1 (22,24,25).

Almost all degenerative conditions of the lumbar
spine can be treated with OLIF, especially sagittal and
coronal deformity. Patients with severe spondylolisthesis

and extensive canal stenosis cannot be treated with
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Figure 2 Postero-anterior (A) and lateral (B) spine radiographs of a 19-year-old male patient with Lenke 5 adolescent idiopathic scoliosis.

Through a single midline skin incision, without deep dissection, multiple screws were inserted through 2-cm fascial incisions (C). The

Medtronic’s O-arm navigation system and the MIS longitude system (Medtronic Sofamor Danek, Memphis, TN) were used for pedicle

screw and rods insertion (D). Postoperative posteroanterior (E) and lateral (F) spine radiographs revealed deformity correction utilizing

MISS and spine navigation technology.

OLIF. Advantages of OLIF include fast postoperative
rehabilitation, increased fusion rates and deformity
correction. Vascular injury and sympathetic dysfunction
have been reported following OLIF (22,26-28).

Scoliosis surgery

Adult scoliosis affects 60% of the older population and
is usually asymptomatic. Symptomatic spine deformity
has been reported with an incidence of 6%. Degenerative
scoliosis is the result of asymmetrical disk degeneration,
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osteoporosis, and vertebral body compression fractures that
classically present with sagittal and/or coronal imbalance,
axial back pain, or radiculopathy (29). The goals in surgical
treatment for spinal deformity include restoration of spinal
balance, halt of deformity progression, and alleviation of
radicular symptoms.

Percutaneous screws and rods insertion has the advantage
of adult scoliosis correction with minimal soft tissue injury,
less blood loss and faster recovery to everyday activities
compared to open procedures (Figure 2) (29). Despite these
advantages there are specific limitations in percutaneous
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scoliosis correction due to the fact that without osteotomies
large coronal and/or sagittal plane deformities cannot
be corrected (29). In a study by Anand et /. (30), in 71
patients successful adult spine deformity correction was
reported with good to excellent functional outcomes, low
pseudarthrosis rates, satisfactory clinical and radiological
improvement.

In a review of the literature, satisfactory results for 831
patients treated with MISS for adult scoliosis were reported.
Coronal Cobb angle, ODI, and VAS score were significantly
improved following surgery (31).

The advantage of the addition of LLIF in MISS scoliosis
surgery is the decreased complication rate compared to
the traditional combined open anterior and posterior
procedures (22,32-34). Phillips et al. (35) reported
the results in 101 patients with adult scoliosis treated
with MISS, describing constant improvement in both
radiological and clinical parameters at 2 years follow-up. In
the same study a low complication rate was also described.

MISS through a lateral approach for the correction of
adult scoliosis has been found to be a satisfactory method
for both coronal and sagittal realignment of the spine (36).
However, a subsidence rate of 29% has been reported,
questioning the issue of further supplementation.

Discussion

During the last two decades, there has been a continuous
evolution of MISS (37). However, there is still no consensus
in regard to the benefits of MISS in everyday spine surgery
taking under consideration the reduced soft tissue injury and
faster return to everyday activities versus the stiff learning
curve and the financial burden of the heavy instrumentation
together with patient safety and cost-effectiveness (7,37).

A difficult learning curve and higher rates of neurological
complications have been reported with MISS, setting an
important issue in the debate between conventional open
methods and MISS (38). On the other hand, there is data
published that supports the reduced blood loss in MISS (39).

In a meta-analysis, Kamper ez 4/. (40) did not report
significant differences in clinical outcomes between open
and MISS procedures. According to the same meta-analysis,
many studies support decreased operating time, reduced
blood loss, decreased length of hospital stay, and decreased
complication or reoperation rates in MISS. In addition,
reduced perioperative analgesia has been reported in

MISS (41).
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The steep learning curve of MISS is an issue that has
to be taken under consideration. Due to the technical
difficulties during the first procedures and in order
to minimize the risk for intra- and post-operative
complications spine surgeons should participate in
organized cadaveric courses and follow important technical
steps. In an effort to improve surgical skills in MISS the
training period is likely to be extended and the open
conventional methods are likely to be cut back (42).

Another issue with minimal invasive procedures is
radiation exposure of the surgeon, the patient and the
operating room stuff. According to published data radiation
exposure is increased in MISS and careful pre-operative
planning should be made to avoid unnecessary radiation
exposure (43).

Compared to fluoroscopic guidance, spine navigation
increases the accuracy of MIS screw placement to more than
97% or even to 100% when a final 3D scan is performed,
which in turns, decreases the neurological complication
rate, allows insertion of screws of larger diameter which
increases the biomechanical strength of the whole construct
and decreases the rate of implant failure or pseudarthrosis.
At the same time, spine navigation decreases operative time
especially in multilevel surgery, minimizes the radiation
to the surgical team since none of the operating room
stuff stays in the operating room when the scanning is
performed, and finally with the use of the new radiation
dose protocols may decrease patient radiation exposure (44).

Cost-effectiveness of MISS procedures should be
taken seriously under consideration. Newer technology
and instrumentation in spine surgery, computer assisted
navigation and more recently robotics may increase the
overall surgery cost (45,46). On the other hand, there are
several studies reporting reduced overall cost with MISS
(47,48) emphasizing the need for more Level I studies
that encounter cost-utility analysis in order to draw safe
conclusions.

Conclusions

MISS has several advantages compared to conventional
open methods in selected patients. Smaller incisions and
less soft tissue injury, shorter hospital stay, less blood loss
and faster return to previous activities are in favor of MISS.
With the use of spine navigation, robotics and cadaveric
courses, the obstacles of prolonged operating time and steep
learning curve can be overwhelmed for more promising
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outcomes with MISS. Further randomized controlled trials

are still needed in order to draw clear conclusions.
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