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Clinical Applications of the Tubular
Young Bacg Kim, .. Retractor on Spinal Disorders

Seung Jae Hyun, M.D.

Tubular retractor system as a minimally invasive surgery (MIS) technique has many advantages over other
conventional MIS techniques. It offers direct visualization of the operative field, anatomical familiarity to
spine surgeons, and minimizing tissue trauma. With technical advancement, many spinal pathologies are
being treated using this system. Namely, herniated discs, lumbar and cervical stenosis, synovial cysts,
lumbar instability, trauma, and even some intraspinal tumors have all been treated through tubular
retractor system. Flexible arm and easy change of the tube direction are particularly useful in contralateral
spinal decompression from an ipsilateral approach. Careful attention to surgical technique through narrow
space will ensure that complications are minimized and will provide improved outcomes. However,
understanding detailed anatomies and keeping precise surgical orientation are essential for this technique.
Authors present the technical feasibility and initial results of use a tubular retractor system as a minimally
invasive technique for variaties of spinal disorders with a review of literature.
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INTRODUCTION

In 1997, the microendoscopic discectomy (MED) system was introduced, which allowed
spine surgeons to reliably decompress a symptomatic lumbar nerve root via an endoscopic,
minimally invasive surgical (MIS) approach”. METRx system (Medtronic Sofamor
Danek, Memphis, TN) was the first commercially available product as a tubular retractor
system (Fig. 1). Before this system was introduced, some speculum or polyethylene tube had
been used as a kind of tubular dilator system™*”. The best advantage of using this system is
the application of endoscopic techniques to conventional surgery. This system enables both
endoscopic images and direct surgical images to be viewed under a microscope. These can
then be used according to the surgeon’s purpose. Moreover, because METRx system splits
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the tube’s diameter and the longer the
tube, the more difficult it is to use
surgical tools and to obtain sufficient
space. However, if too wide tube is
used, the more potential there is to
damage muscles around the spinal
posterior arch. Thus, the original intent
of minimally invasive surgery is im-
paired. In general, a tube with the
diameter of 20 mm and a length of 40
to 50 mm is used. It is reccommended
to use a Steinman pin to first accurately
Bone check the location. However, this may
possibly damage the spinal dura mater
or spinal nerves, although rare. There-

the muscle instead of cutting it, it is possible to minimize
postoperative back pain by reducing muscle damage.

Despite the benefits, there are some drawbacks to overcome
before effective results can be achieved. First, appropriate
surgical tools and manual skills are required since surgeons
must work in a narrow space. Further, there may be confusion
regarding anatomical structures in such a limited space.
Another problem is the limitations of effective decompression.
Surgeons must be aware that even though we completed
the surgery effectively in a narrow space, symptoms can occur
immediately if a small hematoma is generated in this space.
Surgery under a microscope can provide direct surgical images
like conventional surgeries, but the vision may be obstructed
or disturbed by the use of tools in a narrow space with
limited light. To solve these problems, the use of a high-
performance microscope with excellent collimation capabilities
and good lightening is recommended. Another solution is
to attach a fiberoptic light source to one end of the tube for
enhanced viewing, but this requires considerable additional
costs because this device is expensive and its uses are limited.
There is another problem not to be overlooked. The original
purpose of being “less invasive” is impaired with overuse
of a monopolar coagulator. Also, increased damage to the
attached ligaments and muscles can occur when cleaning
the operating field.

Lumbar discectomy

This was first used for hernination of the intervertebral
disc, and even now is the method most often used. The space
needed for laminectomy and discectomy for decompression
is any about 15 to 20 mm. Therefore, most surgeries for
herniation of the intervertebral disc can be carried out
successfully with a 20-mm cylindrical tube. The narrower

Fig. 2. Root retractor can be effectively used for muscle retraction laterally.

fore, the authors first make skin inci-
sion about 2 cm vertically near the
midline and then cut the fascia also about 2 cm. After
palpating the lamina while splitting the spinal muscles with
index finger, progressively larger tubes are inserted starting
with a small tube until the desired size is determined. We
cannot achieve a good view even if we recklessly use a large
tube because the lateral side of the lamina is inclined to the
ventral and the facet joint is pushed backward. Using too large
tube can excessively damage muscles because the muscles
around the spine are pushed inside. Even after fixing the tube,
the view may be blocked by the muscles pushed from the
outside. If we damage the muscles too much to get the view,
it may increase the possibility of postoperative backache.
We may lengthen the outer side of the tube to prevent this,
but its effect is doubtful. To avoid this, the authors turn the
bending part of the root retractor on the outside of the tube
to the outside and hook the spinal muscles to it so that the
muscles will not be pushed inside. This is a very useful
method (Fig. 2).

After checking the correct positioning of the tube with a
C-arm, the muscles around the spinal posterior arch and the
ligamentum flavum are cleanly removed. Then the correct
anatomical orientation of this part can be seen. For lami-
nectomy, a high speed drill is used. To avoid damaging the
spinal nerves, it is important to leave the inner cortical part
of the caudal lamina and remove the remaining part with a
small punch. Hence, using as large drill burrs as possible is
effective and relatively safe. If drills cannot be used, Kerrison
punches of various sizes can be used instead. The herniated
nucleus pulposus is removed in the same way as in conven-
tional surgery, and it is important to thoroughly control
bleeding even if it is minimal. You must know the quantity
and scope of the herniation of the nucleus pulposus before
surgery to achieve sufficient decompression of the spinal
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nerves. In the case of far lateral disc herniation, you can
effectively use discectomy and decompression to access both
the midline and extraforaminal space through an incision in
the skin®®”. When moving and positioning the tube to the
extraforaminal space, it is important to understand the
surrounding structures and thoroughly control bleeding
because of the depth involved.

Decompression of the lumbar spine

This is a good indication for various lumbar stenosis. The
foraminal stenosis is approached in the same way as for
discectomy, and surgeons must be well aware of the structures
of the intervertebral foramen. For central canal stenosis,
both sides or one side can be accessed with, tilting the tube,
and then effectively decompress the inside of the posterior
arch at the opposite side using a drill, punch, chisel, curette.
However, special care must be taken not to tear the dura
mater because most patients with foraminal stenosis are old
and the dura mater is thin. Absolute control of bleeding is
crucial. Even minimal hematoma may cause serious nerve
compression and may require reoperation because the
operated part is narrow and deep. The most frequent causes
of complications related to this surgery are incomplete
decompression and dural tear.

Decompression and/or discectomy of the cervical spine

Posterior cervical foraminotomy has long been used to treat
radicular pain arising from compression in the foramen,
cither bony stenosis or soft disc herniation®”. Several authors
presented microdiscectomy and decompresssion using muscle
splitting minimally invasive tubular retractor system">*.
Hilton presented detailed surgical method of posterior cervical
foraminotomy in 222 patients™. Prone position is utilized,
with localization and docking of instrumentation ac-
complished with anterior/posterior fluorscopy. Surgery is
performed with microscope-facilitated, three-dimensional
visualization'”.

This is a good indication for foraminal stenosis of the cervical
spine. The approach is the same as for lumbar spine. It is
effective to reduce the damage of the vertebral joint to
approach from the ipsilateral and decompress the central
canal stenosis, and to approach from the opposite side of
the lesion to relieve the foraminal stenosis. After checking
the accurate location of the tube, one should remove the
medial part of the facet joint using a high speed drill, check
the lateral of the ligamentum flavum and the up and down
of the relevant nerves, and then perform decompression
of the desired range'”. If necessary, the herniated nucleus
pulposus can be removed from the axilla or shoulder of the
nerve root.

YB Kim and SJ Hyun

There are reports on successful surgeries for herniation
of the intervertebral disc or cervical stenosis via anterior
approach. When using this method, it is important to safely
displace the esophagus and the carotid artery.

Transforaminal lumbar interbody fusion with
instrumentation

The TLIF procedure was popularized by Harms as a
method to achieve interbody lumbar fusion through a
unilateral posterior approach™. The unilateral transforaminal
interbody fusion (TLIF) allows approach to the disc space
through usual paramedian approach or far-lateral approach
without over retraction of the dura and preservation of the
contrallateral anatomy. In spite of many advantages of TLIE
iatrogenic muscle injury can cause long-term problems
that can negate the beneficial effects of the surgery itself.
Schwender et al successfully performed the minimally invasive
TLIF in 49 patients using the METRx tubular retractor
system'®. Results of this series was good but four complications
were noted. Two were secondary to screw misplacement, and
the remaining two were because of graft dislodgement and
contralateral neural foraminal stenosis.

Tubular ratractor can be placed through paramedian muscle
splitting method or between multipidus and longissimus
(interfascial approach). In the case of medially placed tubular
retractor, conventional laminectomy and facetectomy can
be proceeded. To place an interbody device safely, enough
laminectomy and facetectomy should be performed using
chisels, Kerrison punches, and high speed drill. For more
available space, X-tube or Quadrant retractor (Medtronic
Sofamor Danek, Memphis, TN) can be used instead. Single
or double cages are impacted into intervertebral space after
careful complete removal of the nucleus pulposus. Autograph
bone from laminectomy of iliac bone or other bone substitute
are added to the interspace to augment fusion. Isaacs et al
concluded this technique to be safe and exhibited a trend
toward decreased intraoperative blood loss, postoperative
pain, total narcotic use, and the risk of transfusion'?. Pedicle
screws can be easily inserted percutaneously via or interfascial
route. Holly et al reported four complications from their
49 patients. Two reoperations were due to screw loosening.
One ipsilateral and another contralateral postoperative
radiculopathies were developed'?.

Thoracic discectomy

To diminish potential complications and deficits
associated with more traditional procedures for herniated
thoracic discs, minimally invasive thoracic microendoscopic
discectomy (TMED) was introduced'>*”. The procedure is
performed via a posterolateral approcach with the patient
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in the prone position. Main indications of this procedure are
lateralized and central soft thoraic disc herniations causing
radicular and myelopathic symptoms. The technique requires
a transforaminal approach that minimizes muscle and bone
dissection to reach thoracic disc lesions. After confirmation
of the correct location. serial tubular retractor is inserted at
the superior aspect of the caudal transverse process at the level
of the herniated disc. A skin incision is made 3 to 4 cm lateral
to the midline. The remaining approach is similar to that
of a transforaminal procedure. The thoracic pedicle of the
more caudal vertebral body is identified and followed to the
appropriate disc level. Drilling of the superior cephalad
aspect of the caudal pedicle facilitates access to the thoracic
disc. After lateral disc herniations are removed under the
direct vision, resection of a midline disc herniation require
that a space in the disc be created and that a down-going
currette or Woodson elevator then be used to push down the
fragment into the disc space or removal. Bevelled endoscopic
tube can be effectively used for confirmation of spinal cord
decompression.

Instrumentation of the cervical spine

Lateral mass screw can be performed using tubular
retractor system. Positioning the tubular retractors with
the same trajectory as that of the lateral mass screws (i.e.,
angled superolaterally) allows the procedure to be performed
in a fashion very similar to the open approach®*. Bilateral
screw insertion can be possible using midline single incision
(Fig. 3). It has several advanteges. It reduces postoperative
pain, but more importantly, it preserves the ligamentous
attachments of the neck muscle to the laminae and spinous
process. Several posterior muscle groups, in particular the
semispinalis cervicis and multifidus muscle, function as

dynamic stabilizers of the necl?”. In the study by Fessler and
Khoo, comparing their experience with open posterior
cervical laminoforaminotomy, patients treated with micro-

endoscopic foraminotomy (MEF) had a less painful recovery
course”. But, this procedures has several limitations. Because
of the small diameter of the tubular retractor, the working
corridor is very narrow, and rod placement can be technically
challenging. The Quadrant retractor system can be one
solution for this problem. Bothersome venous bleeding may
obscure narrow operative field but can be effectively
controlled with powdered gelfoam mixed with thrombin.

Anterior screw fixation for odontoid fracture can be nicely
performed using tubular retractor system'”. Before the skin
is incised, the flexible arm of the system is attached to the
18-mm tubular retractors, and the bed rail is mounted con-
tralateral to the surgeon. Dissection down to the anterior
aspect of the C5 vertebral body is undertaken in the usual
fashion. Hand-held retractors are used until rostral dissection
exposes the C2-3 disc space. The final dilator tp is then
placed at the desired entry point, and the trajectory is con-
firmed using biplane fluoroscopy. The remaining steps are
same as open traditional procedure.

Minimally invasive anterior approach to the upper cervical
spine pathology was designed after cadaveric study using
tubular dilator system®. They provide anatomic data for an
anterior retropharyngeal upper cervical approach through
a minimally invasive window below the hypoglossal and the
superior laryngeal nerves. In two adult cadaveric cervical
spines, the anterior approach using the METRx tubular
retractors system through a window between the hypoglossal
nerves and the superior laryngeal nerve, as well as below these
two nerves, is compared in the exposure of C1 and C2
anteriorly with the aid of an operating microscope.

Various screw fixation methods are used to fuse the
upper cervical vertebras, and one can effectively use tubes
in this area as well. Pardcularly for the transarticular screwing
of the first and second cervical vertebras, surgeons can
effectively use a long tube to easily adjust the angle. The
screw fixation and fusion of the first and second cervical

vertebras can also effectively be
achieved using a tube. There was a
report on effective fixation of pos-
terior C1 lateral mass and C2 pedicle
screws for Os odontoideum patients'”.
They were alble to insert a C1 lateral
mass screw and rod while positioning
the tube and adjusting the angle a-
round the C2 lateral mass. In this case,
however, one must consider the fact
that it may be difficult to control
bleeding of the venous plexus between
the first and second cervical vertebras.

Fig. 3. Bilateral screws insertion can be possible through single midline incision.

There are many reports on opera-
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Fig. 4. Electrode lead implantation in the epidural space.

tions using tubes for odontoid fracture”**. Approaches vary
by authors, but the most common procedure involve fixing
the tubular retractor to the operating table and performing
the surgery under fluoroscopic control while adjusting the
angle as needed. In anterior transoral approach, an expandable
tubular retractor can also effectively used without damaging
surrounding tissues. Theoretically, posterior spinal fusion
and decompression are possible for fracture with dislocation
of the thoracic spine, but there are no reports on such surgeries
yet. This could be due to the large area involved in such a
surgery, the possibility of bleeding, and the difficulty of revision

in such a narrow space.

Spinal tumors

Traditionally, an open surgical procedure consisting of
laminectomy with intradural resection has been performed.
These techniques have been used to achieve excellent out-
comes as documented in a number of large series. However,
with recent advances in minimal access technology, many
spinal procedures are being performed with an emphasis
on minimizing surrounding tissue damage and blood loss.
Six consecutive intradural-extramedullary neoplasms were
successfully removed using tubular retractor by Tredway et
al’. All tumors were located intradural-extramedullary
benign tumors. Extradural dumbell shaped schwannoma
is nice indication for minimal invasive tubular retractors
system operation.

Miscellaneous
Since the early 1970s, pain relief through spinal cord
stimulation has been a well-accepted treatment for selected

1819 However,

patients with persistent neuropathic pain
suboptimal electrode placement or recurrent dislocation

can necessitate electrode revision. For functional improvement

and stability, larger stimulating areas coverage is required.
However, these larger plate electrodes, can presently only be
inserted epidurally by means of a small open-surgical
procedure involving partial laminectomy. Minimally invasive
procedure like as tubular retractor system under the local
anesthesia can be a good alternatives™'®. Tube placement was

similar with other standard posterior cervical approach,
by direction is more cephalad. To improve sight and illumi-
nation, the partial caudal hemilaminectomy and the removal
of the ligamentum flavum using small Kerrisons are performed
under microscopic guidance (Fig. 4). Beems et al reported
successtul result from their seven consecutive cases except one
case after removal of dermoid using a tubular retractor system?.

CONCLUSION

The tubular retractors system is safe and effective tools
for various spinal operations in terms of minimal invasive
technique. However, careful attention to surgical technique
and precise anatomical knowledge are mandatory Spinal
disorders including tumors can be approached with this
technique, but it is limited to relatively short segment lesion.
Further studies and advancement are needed in future before
multiple or more extensive lesions can be treated through
the tubular retractor system.
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