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FRONTIERS OF SPINAL SURGERY / OMURGA CERRAHISININ ONCULERI

THE HISTORY OF MINIMALLY INVASIVE SPINAL
SURGERY

MINIMAL GIRISIMSEL OMURGA CERRAHISININ TARIHCESI

SUMMARY

Spine procedures began to be widespread in the second half of the 19th century. With time, and in
parallel to technological advancements, new and more complex spinal procedures were performed.
Technological advancements have allowed the development of minimally invasive spine surgery in the
last 30 years. In this study, the history of minimally invasive spine surgery is reviewed.
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OZET

19. ylizyilin 2. yarisindan itibaren omurga ameliyatlari yayginlasmistir. Teknolojinin gelisimine paralel
olarak giderek daha kompleks uygulamalar da yapilmaya baslanmistir. Son 30 yildaki teknolojik
ilerlemeler minimal girisimsel omurga cerrahi tekniklerinin 6nini agmistir. Bu makalede minimal
girisimsel omurga cerrahinin tarihi gelisimi gozden gegirilmistir.

Anahtar sozciik: Minimal girisimsel omurga cerrahi, omurga, omurga cerrahi.

Kanit Diizeyi: Tarihce, Diizey V
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INTRODUCTION

The human spine is the most important part of the
skeletal system, and this bone structure perfectly
provides balance, absorbs load, and protects the spinal
cord. Surgical disruption of this structure can result in
severe instability. With the aim of providing the least
damage to the integrity of this structure, consisting of
bone, joints and nerves, minimally invasive instruments
and engineering have been developed over the years.

For years, every newly defined minimally invasive surgical
process has been compared with classical open surgery.
Sometimes no favorable outcome could be obtained or
no difference was found, but some minimally invasive
surgical processes have provided extreme comfort and
given better results.

From ancient times to the twentieth century, many
physicians and surgeons have recorded their own
experiences and background, and have contributed to
the development of spine surgery.

CERVICAL REGION

The development of cervical minimally invasive
techniques proceeded more slowly than for other minimal
approaches, because surgery of this part of the spine
poses the greatest risks. This is also due to spondylosis,
and whether an anterior or posterior approach is used for
disc surgery.

The first endoscopic procedures began to be defined
in the 21st century, due to more soft tissue and bone
resection, a long hospitalization period, and high
postoperative pain'”®2. The first minimally invasive
surgery was performed with odontoid screwing by
Horgan in 1999%. The first minimally invasive posterior
laminoforaminotomy with tubular retractors
conducted in cadavers by Roh in 20007, and in clinics
by Adamson in 2001'. Anterior minimally invasive
surgery was performed with minimal tubular retractors
by endoscopic methods in 2008 by Ruetten et al.”*. In
the same year, cervical nucleoplasty with percutaneous
methods was reported in cadavers by Li et al.*. Lateral
mass screwing was first performed as posterior cervical
instrumentation with minimal approach techniques by

Wang et al.®.

was

In 1982, Tsuji defined the first open laminoplasty
in a patient with myelopathy®’. The application of
laminoplasty by minimally invasive methods began with
application to cadavers in 2003 by Wang®, and with
clinical application in 2004 by Perez-Cruet®’.

A. Endoscopic Transoral Surgery:

In 1962, Fang and Ong reported the results of

microscopic transoral decompression in patients
with atlantoaxial anomalies'. In 1989, Hadley et al.
published upper cervical decompression using the same
technique in a clinical series with 53 patients?. The use
of microscopy has increased the safety and reliability of
this operation and decreased morbidity. However, due to
the distance between the working area and lens, and the
narrow transoral area, Frampong-Boadu et al. published
a clinical series with seven patients who received

endoscopic surgery by a transoral route in 2002,

In 2000, Tong et al. applied transoral vertebroplasty to a
patient with an upper cervical compression fracture®. In
the present day, Leng et al. treated os odontoideum by an
endonasal technique for the first time in 2009*.

B. Cervical Microendoscopic Posterior Approach:

Initially, although posterior cervical disc surgery was
the first method defined, anterior cervical surgery has
become more popular over time. This has maintained
efficacy for certain patients, including those with no
lateral hernia disc fragments, isolated foraminal stenosis,
central stenosis with continuous root pain after anterior
surgery, and multiple foraminal stenosis. However, the
paraspinal muscle spasm pain complaint with this surgery
is greater, due to a great deal of muscle dissection.

The microendoscopic discectomy (MED) system has
been developed to minimize muscle spasm pain and
soft tissue trauma, and to provide postoperative comfort.
Complication ratios similar to open discectomy have
been reported. In a clinical series in which Roh et al.
performed open surgery and MED in 2000, they obtained
equal results for root symptoms and facet movement, and
better results using MED in cadavers’. Muscle dilatation
with endoscopic tubular canal minimized postoperative
pain. Similar excellent results were also reported in the
first clinical studies, including a study by Adamson and
Fessler, and a series by Khoo in 200211,

In posterior cervical instrumentation, minimally invasive
surgery was defined for the first time by Wong et al. in
2000°*%. In applications with cervical instrumentation,
minimally invasive approaches with microendoscopy
and video have been developed and published within the

last five years®®%7.
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THORACIC REGION

A.Thoracoscopic Spine Surgery:

Jacobaeus defined the first thoracoscopic procedure in
Stockholm, Sweden, in 1910°. He performed this first
approach using cystoscopy and a platinum loop for
pleural adhesion caused by tuberculosis in an internist.
In the 1990s, the first modern thoracoscopy approach
began with standard endoscopy after video imaging
(Figure-1). Regan et al. (ABD) and Rosenthal et al.
(Europe)” reported the first video thoracoscopic surgery

techniques, in 1993 and 1994, respectively.

Figure-1. An image from thoracoscopic spine surgery

Thoracoscopic surgical procedures were used for thoracic
disc hernias, thoracic sympathectomies, vertebral
pathologies, abscess drainage, and tumor biopsies. In
the years following, they have been used for scoliosis
correction, anterior interbody fusion, osteotomies,
corpectomy, and tumor and vertebral instrument
applications after fracture.

Thoracic disc hernia surgery was reported for the
first time by Benjamin in 1983°. The first minimally
invasive thoracic discectomy with minimally invasive
tubular retractors was performed in cadavers in
1994 by Horowitz**. The first clinical surgery was
performed by Rosenthal in the same year”, followed
by Jho in 1999%. However, the morbidity of the
minimally invasive approaches defined and performed
in these years was found to be higher than for open
approaches (thoracotomy costotransversectomy, far-
lateral extracavitary approaches). In 2005, less morbidity
was reported for thoracic discectomy with the use of
a minimally invasive tubular retractor performed by
Lidar et al*2. Midline or lateral positioning and disc
calcification have been decisive for minimally invasive
surgery.

The first applications of minimally invasive thoracic
pedicular screws led to morbid consequences. The
minimally invasive approach used a thin pedicle with
an improper choice of positioning resulting in spinal
cord damage and neurological loss, could not remove
instability in extrapedicular applications, and was not
sufficient. After 2008, a minimally invasive thoracic
pedicle approach has been successfully performed
using CT-guided cannulated screws’”””. In the same
year, placement of a percutaneous rod to these screws,
as defined by Sextant, further improved the system. In
2008, Anand et al. performed scoliosis surgical treatment
using this CT-guided minimally invasive system for the
first time’. For chance-type fractures, this percutaneous
system provides successful treatment. The minimally
invasive tubular retractor-guided system used for lumbar
stenosis, which will be described in detail later, remains
the minimally invasive choice for thoracic decompression
surgery.

B. Posterior and Posterolateral Endoscopic
Surgery:

This was developed to provide a direct posterior and
posterolateral approach for thoracic disc hernias. In
1997, Jho defined the endoscopic transpedicular thoracic
discectomy technique using a 4 mm endoscope with 0° and
70", This method is effective because there is no need for
a second incision in the chest for a thoracoscopic approach.
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Chiuand Clifford defined safe and effective posterolateral
endoscopic thoracic discectomy with a 4 mm endoscope
with 0°, in order to minimize a thoracic disc with a low-
energy non-ablative laser (laser thermo-discoplasty)™.
The same approach with the METRx (Medtronic
Sofamor Danek, Memphis, Tennessee) system was
defined in cadavers by Isaacs et al.*, and in the clinic
by Perez-Cruet et al.®®. Similarly, Kin et al. have been
performing thoracic corpectomy and reconstruction by a
minimally invasive approach in patients with tumors and
trauma and in cadavers since 2008%.

LUMBAR REGION:

A. Lumbar Microdiscectomy:
In the second half of the 1960s, Yasargil (Figure-2)

attempted to reduce the morbidity risk using microscopy
and microsurgery’’. The microsurgery methods
developed by Yasargil provided less bleeding, smaller
incisions, good mastery of the pathological area, a low
hospitalization period, postoperative comfort and an
early return to activity. As a result, minimally invasive
spine surgery is provided using microscopy.

Figure-2. Dr. Gazi Yasargil

In 1968, the use of binocular microscopy was begun
in Sachdev lumbar discectomies”. After the initial

documentation, microdiscectomy procedures were

reported by Yasargil’! and Caspar’ in 1977, but the
worldwide recognition of this technique came about
due to a clinical series including 532 patients that was
reported by Williams in 1978%. In this report, the
successful removal of hernia disc fragments alone from
the interlaminar window by a microdiscectomy method
for show girls in Las Vegas gave popularity to the method.
Then, unsuccessful studies using a microdiscectomy
technique were asserted. McCulloch defined laminoplasty
using these techniques in the 1990s%. Contralateral,
central and foraminal stenosis could be decompressed
with ipsilateral laminectomy. After that, these techniques
were improved by developments such as stereotactic
lumbar microdiscectomy and microdiscectomy with
intraoperative MR.

B. Microendoscopic Discectomy (MED):

The first spine endoscopic approach was performed by
defining the myeloscopy concept to visualize the spinal
cord in 1931 by Burman’. In 1938, Pool”™ improved on
Burman’s study and reported myeloscopic inspection of
the dorsal nerve roots in cauda equina. Pool also defined
intradiscal endoscopy. Morbidity with myeloscopy
is high, because it is performed in the dura cavity
using a wide approach. Ooi et al. tried endoscopy of
the intrathecal region before surgery, and stated that
endoscopy can provide a possibility of understanding
pathologies such as arachnoiditis and spinal stenosis®'.
In the 1970s, the defined use of microscopy began to be

commonly used 62,

The lumbar disc tubular approach was defined for the
first time in 1991 by Faubert and Caspar®'?, and led to
the improvement of the tubular system and small hand
tools. The first microendoscopic discectomy (MED)
with tubular retraction was reported by Foley and Smith.
The first MED was carried out by Foley and Smith in
1997, and became popular after arthroscopic approaches
were learnt rapidly by orthopedists (Figure-3)*. In 2002,
the first lumbar stenosis was treated with minimally
invasive tubular retractors by Fessler et al.”! and Palmer
et al.®*. Adapting the use of microscopy with tubular
retractors provided many brain surgeons with the
possibility of using these techniques after 2003, and
this can be combined with standard microdiscectomy
for lateral stenosis and disc hernias with free fragments.
MED provides a comfortable postoperative process due
to a small incision and less tissue damage, and reduces
the hospitalization period.
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Figure-3. An image from microendoscopic disc surgery.

Guiot et al. applied bilateral decompression in spinal
stenosis in cadavers with percutaneous microendoscopy
by a unilateral approach®, and Khoo and Fessler®
successfully applied this method in the clinic. The MED
method has also been used for lateral disc herniation,
synovial cysts, and recurrent disc herniation.

C. Percutaneous Arthroscopic Discectomy:

The first spinal posterolateral and anterior biopsies were
performed by Ottolenghi (Argentina) in 1955 and
Cragg' in 1956, respectively. In 1975, Hijikata et al.
defined percutaneous nucleotomy by removing the disc
from posterocentral and paracentral disc hernias using an
intradiscal arthroscopic method under local anesthesia’'.
With this technique, entry was performed using a circular
incision in the lateral annulus with a 4 mm cannula after
discography with Evans blue, and drainage of the blue-
stained nucleus pulposus was applied using pituitary
forceps. In 1983, Kambin (Figure-4) and Gellman
performed discectomy by entering with a Craig cannula
after laminectomy*. In 1985, Onik et al. performed
percutaneous discectomy at the L4-5 and upper levels
with a 2 mm blunt-type probe in animal experiments,
and reported a 75% success rate and a 1% complication
rate®”. Then, the combination of video-discoscopy was

developed over a single portal with a 2-7 mm glass
arthroscope. Arthroscopic disc surgery also provided disc
removal in a biportal way by a posterolateral approach.
In the same year, Maroon published a nucleotomy
procedure termed percutaneous lumbar discectomy
using a self-developed procedure®®. Kambin performed
the first percutaneous lumbar discectomy guided by
fluoroscopy in 1987*.

D. Percutaneous Laser Discectomy:

Choy et al. defined percutaneous laser discectomy using
the same approach as the arthroscopic percutaneous
discectomy procedure'. Ascher and Heppner defined
the first percutaneous laser discectomy for lumbar disc
hernia treatment®. In their technique, they first measured
the intradiscal pressure before the process, and then
performed laser discectomy with a saline manometer.
The aim was to remove the least amount of disc required
to reduce the intradiscal pressure.

E. Chemonucleolysis:

Chemonucleolysis is the hydrolysis of non-collagen
proteins, such as chondroitin sulfate and keratin sulfate,
found in the nucleus pulposus.
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In 1941, this was developed with the kemopapain
enzymatic reaction from the papa plant, by Jansen and
Balls*. In 1956, Thomas intravenously gave kemopapain
to rabbits and recorded tear release’. In 1963, Smith et
al. injected this for the first time to the nucleus pulposus
in a hip treatment’. It was detected that this reduced
the extracellular fluid amount of the nucleus pulposus
by interacting with stored proteoglycan and glycoprotein
macromolecules.

Figure-4. Prof. Dr. Parviz Kambin

F. Lumbar Instrumentation and Fusion:

The first spinal instrumentation was performed using
a lumbar spinous process wiring operation in a Pott
patient by Hadra in 1891%. In 1949, Michele and
Krueger defined the first pedicle fixation, and the first
percutaneous pedicle screwing was performed with
external fixators by Magerl in 1982%. In open surgery,
developments regarding the placement of rods and
screws after paraspinal muscle retraction have been made
with technology.

After a classic midline incision, the deep screw entry
site on the far lateral makes instrumentation difficult,
and results in ischemic retraction of many retractor
muscles, and chronic lower back pain. However, this
provides possibilities for decompression, discectomy and
interbody applications. Due to complications caused by
the midline angle, Wiltse developed an incision between
the bilateral muscles in 1988%°. In 2001, Foley developed
the Sextant (Medtronic) system in 2001 from the same

incision, to place a rod minimally?. The same minimally
invasive system was modified to the Mantis (Stryker)
percutaneous system in 2007. A percutaneous approach
is superior, as this minimizes complications caused by
muscle retraction and excess screw pulling of the medial
last screw (delta angle).

Percutaneous facet fusion techniques were defined
by Jang et al. in 2003*. Chronologically, the ALIF
procedure was defined in 1933 by Burns®, PLIF in 1952
by Cloward™", artificial disc replacement in 1966 by
Fernstrom®,and TLIF in 1982 by Harms and Rolinger?®.
Minimally invasive adaptation of all these interbody
fusion techniques began with the publication of anterior
laparoscopic discectomy in 1991 by Obenchain®*% In
1995, Matthews and Zucherman combined ALIF and
artificial disc replacement and led the minimally invasive
approach™. In 2002, Khoo reported the first minimally
invasive PLIF process*. In 2006, Holly and Schwender
reported a minimally invasive TLIF operation with
tubular retractors and obtained better results®’. With
the definition of percutaneous reduction screws, Park
and Foley applied the TLIF procedure to grade 1 and 2
isthmic spondylolisthesis cases with a PEEK cage using
this technique in 2008, and stated that it gave better
results, similar to the open laminectomy techniques for
deformity correction®.

More rare fusion approaches have also been defined. One
of these is the distant lateral extracavitary transpsoas
approach. A direct lateral transpsoas approach, DLIF,
was defined in 1997 by Mayer®, and improved in 1998
by McAffee and Pimenta®®. In company with AP and
lateral fluoroscopy, approaches have been performed
using retroperitoneal minimally invasive long tubular
retractors. With this approach, the relationship between
the anatomy of the lumbosacral plexus and psoas should
be well known. In 2004, the AxialLIF procedure was
defined with a transaxial approach by Cragg'. This is
performed with L5-S1 fusion from the sacrum and
coccyx anterior way by a perianal incision. This way is
avascular, but it is long. This approach was approved by
the FDA for fusion between the 1.4 level and the sacrum.

The first successful fusion with lumbar arthrodesis was
performed in 1911 by Albee? and Hibbs®*. In 1939,
Venable and Stuck defined internal fixation®. The
first minimally invasive procedures for fusion were
performed with frozen bone and anterior cervical fusion
from cadavers in 1958 by Cloward®. Then, the fusion
materials began to be improved. In 1965, Urist obtained
the first demineralized bone matrix protein (BMP) from
rabbit in 1965. After 19 years of laboratory experience,
14 types of BMP have been isolated®.
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Another minimally invasive technique is the use of
an interspinous decompression device, performed by
Kondrashov et al. in 2006*.

This process is applied by the placement of a device
with a diameter of 8/10/12/14 mm in the spinolaminar
junction of the interspinous region of stenosis segment
under local anesthesia.

VERTEBROPLASTY:

The hard spinal cortex consists of a spongy trabecular
structure in a cage. Collapse of the vertebral structure
occurs after exposure to compressive forces and tensile
stress. This can cause osteoporosis and neoplasm
vertebral compression fractures, resulting in pain, deficit,
instability and deformity. Surgery is more risky for these
patients due to comorbidity factors. Open pedicular
screw fixation is not satistactory, due to the large incision,
technical difficulties in fixation to osteoporotic vertebrae,
and failure of arthrodesis. In 1989, although Prior treated
collapse fractures non-invasively with absolute bed rest,
difficulties with this application were reported, such
as wound problems, deep vein thrombosis, pulmonary
emboli, and a high cost of the hospitalization period.

In 1984, Galibert and Deramond performed the first
percutaneous vertebroplasty in France®. After five
years, the first applications were reported by Lapras et
al. Polymethyl methacrylate (PMMA) was injected by
a transpedicular route. This approach rapidly became
popular in Europe, but it was not applied in the USA
until 1994.

KYPHOPLASTY

In the second half of the 1990s, Reiley et al. defined
kyphoplasty, due to cement extravasation, an increase
in infection rate, cement toxicity, adjacent fractures and
disruption of the sagittal balance®. In 2000, this was
clinically applied by Wong et al.”.

OTHER MINIMALLY INVASIVE APPROACHES

A.Video-Guided System Applications:

After the discovery of radiography in 1895 by Roentgen,
fluoroscopy in 1896 by Edison, and computerized
tomography in 1972 by Hounsfield, imaging devices
began to be used intraoperatively, and have advanced
until the use of the Medtronic navigation O-Arm in

2005 27,

The first operation using video-guided technology was
performed at the cervicomedullar junction in 1995 by
Pollack®’,and with lumbar pedicle screwing by Nolte®. In
the second half of the 1990s, imaging systems developed
for intracranial operations were adapted for screw fusion
surgery. Characterization of the bone anatomy should be
performed with a preoperative CT, in order to use this
system.

Nolte et al. defined the first CT-guided pedicle screw
fixation operation. They stated that the general accuracy
was 1.74 mm because they used CT at 2 mm intervals in
their systems®®. The entrance point is visualized with an
infrared camera by a pedicle probe. A dynamic reference
fixated to the spinous process is determined. Preoperative
CT correlation is obtained with normal bone landmarks,
and screw application is performed. In this first clinical
series, the ratio of incorrectly positioned screws was
reported to be 4.3%. Choi et al."” reported pedicle screw
fixation with a fluoroscopic target point in conjunction
with CT. The entrance point and depth are calculated
using intraoperative AP and lateral fluoroscopy, and
these are compared with CT. No change in success rates
was observed.

B. Robotic Spine Surgery:

Many studies were conducted on pedicle screwing
with a first generation CT-guided video system for
intraoperative navigation.In a randomized and controlled
clinical series conducted by Laine et al. in 2000 including
100 patients, pedicle perforation was found to occur in
13.4% with the conventional method and in 4.6% with
a CT-guided navigation method”. In many studies,
a lower risk potential for pedicle screwing with a CT-
guided navigation system was reported compared with
the conventional method, except for studies conducted
in 2001 by Arand et al. and in 2009 by Li et al.**. In
the study by Li et al., a 4 mm pedicle perforation was
found in 1.4% (4/277) of cases with the conventional
method, and not found with the CT-guided navigation
system. These results were not found to be statistically
significant. In the study, they stated that morbidity
increased with use of a CT-guided navigation system,
due to the extended period®.

Pedicle screwing is the most common and best method
for scoliosis surgery. In recent years, the conventional
method has been replaced with CT-guided navigation
systems for scoliosis correction surgery. It is known that
neural and vascular injury and screw malpositioning
are the most important complications of this surgery.
Meroz et al. used this navigation with scoliosis for the
first time in 1998, and reported malpositioning of four
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of 28 pedicle screws’’. In 2009, Nakanishi et al. detected
11 total deviations according to the Neo classification
in a clinical series including 264 patients, and no neural
or vascular injury was reported. In a study by Kotani et
al., comparing the conventional method with the CT-
guided navigation system in a retrospective cohort, they
detected 11% and 1.8% screw perforation, respectively.
In a study including 19 patients, Yang et al. obtained
similar results for adolescent scoliosis surgery”. In a
meta-analysis performed by Tian in 2011, high accuracy
rates were reported using CT-guided navigation systems
in many studies”. In a meta-analysis study including 23
published reports performed by Verma et al. in 2010, the
accuracy rate of 1,838 screws with a navigation system
was reported to be 93.3%, while the accuracy rate of
2,437 screws without a navigation system was reported to
be 84.7% ®. There have been studies reporting accuracy
rates reaching 99%.

In the last ten years, CT-guided navigation systems have
been commonly used in the sacral-lumbar and thoracic
regions, and there have been studies into its use in the
cervical region, and also the craniocervical region. The
most recent study involved C1-2 transarticular screw
fixation performed by Uehara with the Mager]l method
for 20 cases of atlantoaxial instability in 2012 *. In
2000, Lee carried out a transoral robotic surgery cadaver
study*.

In the last 1-2 years, second generation CT-guided
robotic surgery has become common, but there have
been no randomized studies concerning this technology.
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