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Visualization of Sacral Nerve Roots via
Percutaneous Intraspinal Navigation (PIN)□V

Takuya Fujimoto, Brian P. Giles, Robert E. Replogle, Hitomi Fujimoto,
Susan L. Miller, and Phillip D. Purdy

Summary: A percutaneous technique for visualizing sacral
nerve roots is described. A fiberscope was inserted into the
subarachnoid space through a sheath that was inserted via
a percutaneous lumbar puncture. The sacral nerve roots
were identified with endoscopic visualization and x-ray
fluoroscopy localization of the endoscope. These images
were compared with those obtained from a videoscope,
which revealed better imaging. Specific sacral nerve roots
can be identified by using a combination of endoscopy and
x-ray fluoroscopy. This technique may enable minimally
invasive interventions such as lysis of adhesions, arachnoid
cyst decompression, selective dorsal rhizotomy, and more
selective and precise nerve stimulation electrode
placement.

A percutaneous technique for visualizing and identi-
fying sacral nerve roots based on combined fluoro-
scopic and endoscopic imaging is presented and the
image quality of a fiberscope is compared with that of
a videoscope. Previous studies have shown that per-
cutaneous intraspinal navigation (PIN) is technically
feasible (1) and that spinal endoscopy is capable of
visualizing spinal cord anatomy (1–5). In these stud-
ies, the endoscope was inserted at the level of the
lumbar spine and directed cephalad; therefore, the
lumbosacral roots as they exit the canal were not
identified. This technique may provide a minimally
invasive technique for spinal interventions such as
dorsal rhizotomy, selective neural stimulation, and
potential future applications involving stem cell trans-
plantation and thus may reduce the morbidity associ-
ated with laminectomy and open surgical exposure.

Description of the Technique
Two unembalmed male cadavers were obtained

from our Institutional Willed Body Program and

transported to our research angiography suite (Infinix
VC-i, Toshiba, Tokyo, Japan) and placed in the prone
position. Lumbar puncture with an 18-gauge single-
wall puncture angiography needle was performed un-
der fluoroscopic guidance at the L3–4 interspace in
one of the cadavers. A 0.038-inch guidewire was in-
troduced and directed caudally. The tract was serially
dilated with 5F, 8F, 10F, and 12F dilators, and a 12F
Cook arterial sheath was inserted in the subarachnoid
space with its tip directed caudally. The subarachnoid
space was inflated with an infusion of normal saline.

A 3.3-mm outer diameter (OD) Olympus (Tokyo,
Japan) fiberscope with a 1.2 mm working channel was
advanced over a guidewire through the sheath under
x-ray fluoroscopy. The endoscope had a field of view
of 120°, a depth of field of 3–50 mm, and tip deflec-
tion of 180° up to 130° down. The endoscope was
advanced caudally under endoscopic navigation, and
its position relative to the bony spine was determined
with x-ray fluoroscopy in the posteroanterior (PA)
and lateral projections. Endoscopic images were cap-
tured with a digital image capture device (Olympus
OTV-S7V-B). Nerve roots were grasped and manip-
ulated with 1-mm flexible forceps.

In the second cadaver, an L2 laminectomy was per-
formed through a 4–5 cm midline incision. The dura
was incised and a 5-mm OD Olympus videoscope was
inserted into the intrathecal space and directed caudally.
The videoscope had a 2.2-mm working channel, a field
of view of 120°, a depth of field of 3–50 mm, and tip
deflection of 210° up to 120° down (Fig 1).

There was some difficulty in placing the 12F
sheath in the first cadaver due to its size; however,
the 3.3-mm OD fiberscope was able to be advanced
with relative ease through the sheath to the termi-
nation of the thecal sac, though there was some
difficulty in torquing the fiberscope. The sacral
nerve roots and the filum terminale were visualized
as they coursed caudally and as they exited the
thecal sac (Fig 2 and Video Clip 1). The distal end
of the fiberscope was easily identified on x-ray
fluoroscopy and enabled confirmation on the fiber-
scope position (Figs. 3A and 4A). Visualization of
anatomical structures improved as the fiberscope
was advanced further caudally due primarily to the
increased CSF-filled free space within the thecal
sac as the nerve roots exited. Individual dorsal and
ventral nerve roots, along with their surface fea-
tures such as blood vessels, were readily distin-
guished. The ability to visualize and to navigate to
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specific nerve roots was greatly enhanced by the fi-
berscope’s tip deflection, which allowed a close-up
look at individual nerve roots as they exited (Fig 3B
and Video Clip 2). The tip deflection also allowed us
to pan across the thecal sac, thus effectively increas-
ing the fiberscope’s field of view. With X-ray fluoros-
copy, the position of the fiberscope’s distal tip relative
to the bony spine could be determined. This allowed
us to identify which nerve root we were visualizing.
The nerve roots were also grasped and manipulated
with 1-mm forceps that were introduced through the
working channel (Figs 4B, -C and Video Clip 3).

The 5-mm videoscope was inserted into the intra-
thecal space under direct vision and advanced cau-
dally with relative ease. The videoscope was easily
identified under x-ray fluoroscopy and enabled the
position of the videoscope to be determined (Figs 5A
and 6A). The sacral nerve roots, filum terminale, and

arachnoid trabeculations were visualized in fine de-
tail. The videoscope provided a large field of view,
which enabled most anatomical structures to be
seen (Fig 5B and Video Clip 4). The tip of the
videoscope could be easily deflected, and this en-
abled the videoscope to be navigated to specific
structures to be visualized. The dorsal and ventral
portions of the left S1 nerve root were visualized as
they exited the thecal sac (Figs 6B–D) and multiple
nerve roots are seen on Video Clip 5. Surface
features such as small blood vessels were readily
identified. The videoscope was easily torqued, which
also aided in navigation. Individual nerve roots were

FIG 1. Photograph of the 5 mm Olympus videoscope used for
this study.

FIG 2. Still-frame image from the fiberscope of the terminal
thecal sac.

FIG 3. A, AP x-ray of the lumbar spine. The fiberscope, which
is being directed to the left S1 nerve root, is seen.

B, Still-frame image from the fiberscope of the left S1 nerve
root.
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easily grasped and manipulated with forceps (Figs 7A,
-B and Video Clip 6).

Discussion

Other authors have described methods and tech-
niques for endoscopic visualization of intrathecal
structures based solely on fiberscopes. Eguchi et al
(2) reported the use of 3 fiberscopes (0.5-, 1.4-, and
2.2-mm OD) for the examination of the spinal cord
and posterior fossa anatomy in 5 cadavers and in 7
patients. The fiberscopes were introduced into the
subarachnoid space at the L4–5 level via a percuta-
neous approach and then were advanced rostrally. No
attempt at visualizing the sacral nerve roots was
noted, nor was there mention of using fluoroscopy

along with endoscopy to identify specific nerve roots.
The cauda equina, nerve roots, surface of the spinal
cord, and blood vessels were visualized. Subsequent
to the cadaver studies, Eguchi et al (3) used spinal
cord endoscopy in 7 patients with various spinal dis-
orders (spinal cord herniation through a dural defect,
syringomyelia, spinal arachnoid cyst, and a spinal epi-
dural cyst). A 0.5-mm OD fiberscope inside a 4F
angiography catheter was inserted via a lumbar punc-
ture at L4–5 and advanced cranially. No complica-
tions were noted; however, the need for improve-
ments in manipulating the fiberscope was noted.
Preoperative endoscopy provided useful morphologic
information helpful in diagnosis and surgical plan-
ning. Intraoperative endoscopy enabled areas outside
the operative field of view to be visualized as well as

FIG 4. A, AP x-ray of the sacrum while a nerve root is being
grasped and manipulated with flexible forceps.

B, Still-frame image from the fiberscope of a nerve root being
grasped and manipulated with flexible forceps.

C, Still-frame image from the fiberscope of a nerve root being
grasped and manipulated with flexible forceps.
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cord perfusion. No endoscopic interventions were
employed.

Using a similar technique of insertion via a lumbar
puncture and advancement cranially, Uchiyama et al
(4) reported using a fiberscope to evaluate spinal cord
pathology in 18 patients with either back pain and/or
neurologic symptoms in which the diagnosis was un-

certain. In 11 of the 18 cases abnormal findings such
as adhesions or fibrous masses were identified. As in
the case of Eguchi et al no endoscopic interventions
were employed. No postprocedure nerve or spinal
cord injuries were noted; however, there was 1 case of
meningitis and 5 cases of postspinal headache.

Warnke et al (6–8) reported using endoscopy to
visualize the structures in the lumbar intrathecal sac
in both cadavers and in patients with spinal disorders.
A 2.5-mm OD steerable fiberscope with 2 working
channels was used to assess the etiology of back pain
in 12 patients, 3 with MR findings (spinal arachnoid
cyst, intraspinal meningocele, and prefixed filum ter-
minale) and 9 with no radiographic explanation for
the pain. The fiberscope was introduced at the L1–2
level through a minimally invasive open surgical inci-
sion that required a laminectomy. In the cases where
the preprocedural diagnosis was known, the pathol-
ogy was identified and was treated in 2 of the 3 cases
(arachnoid cyst partial resection and transection of
the prefixed filum terminale). Varying degrees of
arachnoiditis around nerve rootlets were diagnosed in
the 9 patients with back pain of unknown etiology.
The inflamed arachnoid was dissected away, and 4
patients experienced complete pain relief that did not
recur for 6 months. The other 5 patients experienced
a 40% reduction in pain. All clinical cases were per-
formed without evidence of postprocedural neuro-
logic deficits. Six patients experienced postprocedural
headaches.

The growth in minimally invasive spine surgery has
been spurred by both technical advances and by its
associated reduction in operative morbidity. How-
ever, minimally invasive techniques are primarily em-
ployed in extradural procedures, while intradural pro-
cedures such as dorsal root rhizotomy require open,
multilevel laminectomies. The advances in endo-
scopic imaging and the capability of miniaturizing
instruments enable intradural procedures to be po-

FIG 5. A, AP x-ray of the lumbar spine and sacrum seen along the midline with the
videoscope.

B, Still-frame image from the videoscope of several sacral nerve roots.
C, Still-frame image from the videoscope of several sacral nerve roots just before

exiting the dura and the filum terminale (labeled with an asterisk).
D, Still-frame image from the videoscope at the terminal thecal sac. The filum terminale

is labeled with an asterisk.

FIG 6. A, AP x-ray of the lumbar spine. The fiberscope, which
is being directed to the left S1 nerve root, is seen.

B, Still-frame image from the fiberscope of the left S1 nerve
root.

FIG 7. Still-frame images from the videoscope of a nerve root
being grasped and manipulated with flexible forceps.

AJNR: 26, October 2005 SACRAL NERVE ROOTS 2423



tentially performed by using minimally invasive
techniques.

With the fiberscope, nerve roots and other struc-
tures could be readily identified; however, with the
videoscope the level of resolution was much greater
(2, 3). This higher degree of resolution (seen in Figs
5B-D, Fig 6B, Figs 7A, -B and Video Clips 4–6) is
directly related to the superior imaging of a video-
scope relative to that of a fiberscope and enabled
navigation and manipulation of structures to be per-
formed with a greater degree of confidence. Also, the
ability to deflect the tip of the endoscope and the
ability to torque the endoscope were very critical in
being able to successfully navigate within the sub-
arachnoid space. Another benefit of the videoscope
was its added robustness, because the images are
transmitted via electrical wires versus fiberoptics.
This gave the endoscope greater flexibility, which
enabled the endoscope to make the roughly 90° turn
immediately after entering the subarachnoid space.
Also, the problem of breaking the optical fibers when
trying to manipulate the endoscope, which we have
found to be a significant problem, is avoided with the
use of the videoscope.

The combined use of endoscopy and fluoroscopy
proved to be very helpful in identifying specific struc-
tures and will be necessary in clinical applications.
Similarity in appearance between nerve roots makes
specification of levels difficult by using purely endos-
copy, but it is easy when combined with fluoroscopic
visualization at the level of the imaging apparatus.
This multimodal imaging approach enabled specific
nerve roots to be identified and thus provided a
minimally invasive approach to current open surgi-
cal intradural procedures, such as selective dorsal
rhizotomy.

Numerous conditions, including spasticity, lumbar
and sacral neuralgia, and bladder and fecal inconti-
nence, are related to spinal cord and lumbar and
sacral nerve root pathology. Surgical approaches to

these structures currently involve open surgery, in-
cluding removal of varying amounts of spinal bone. In
an effort to reduce the morbidity and mortality of
these procedures, less invasive methods are being
explored via this PIN technique. Specifically, implant-
able electrodes that can be delivered to portion of a
nerve root via the working channel of the endoscope
are being investigated. Also, nerve root ablation and
fibrous tissue removal with a laser fiber introduced
through the working channel are being explored. Fur-
ther miniaturization of the videoscope should enable
it to be introduced percutaneously. Additional studies
are necessary to determine the safety and the tech-
niques and devices necessary to perform specific in-
tradural applications by using this approach. This
approach is still in the experimental stages and is
considered off-label use.

References

1. Purdy PD, Replogle RE, Pride GL, Adams C, Miller S, Samson D.
Percutaneous intraspinal navigation (PIN): a feasibility study in
cadavers of a new and minimally invasive approach to the spinal
cord and brain. AJNR Am J Neuroradiol 2003;24:361–365

2. Eguchi T, Tamaki N, Kurata H. Endoscopy of spinal cord and
posterior fossa by a lumbar percutaneous approach: endoscopic
anatomy in cadavers. Minim Invasive Neurosurg 1999;42:74–78

3. Eguchi T, Tamaki N, Kurata H. Endoscopy of spinal cord: cadav-
eric study and clinical experience. Minim Invasive Neurosurg
1999;42:146–151

4. Uchiyama S, Kazuhiro H, Takao H, Takahashi HE, Shimoji K.
Ultrafine flexible spinal endoscope (myeloscope) and discovery of
an unreported subarachnoid lesion. Spine 1998;23:2358–2362

5. Stefanov I, Stefanov A, Westman J. A new method for transcuta-
neous coaxial neuroendoscopy. Anat Embryol (Berl) 1996;194:
319–326

6. Warnke JP, Tschabitscher M, Nobles A. Thecaloscopy: the endos-
copy of the lumbar subarachnoid space, Part I: historical review
and own cadaver studies. Minim Invasive Neurosurg 2001;42:61–64

7. Warnke JP, Mourgela S, Tschabitscher M, Dzelzitis J. Thecalos-
copy: Part II. Anatomical landmarks. Minim Invasive Neurosurg
2001;44:181–185

8. Warnke JP, Koppert H, Bensch-Schreiter B, Dzelzitis J, Tscha-
bitscher M. Thecaloscopy part III: first clinical application. Minim
Invasive Neurosurg 2003;46:94–99

2424 FUJIMOTO AJNR: 26, October 2005


