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Transpedicular Lumbar Endoscopic Surgery for Highly Migrated Disk Extrusions:

Preliminary Series and Surgical Technique
Guntram Krzok1, Albert Edward Telfeian2, Ralf Wagner3, Menno Iprenburg4
-OBJECTIVE: Endoscopic surgery for highly migrated
lumbar disk extrusions is a challenge even for spine sur-
geons who are familiar with using endoscopic techniques.
Because of the anatomic constraints involved in trans-
foraminal access in endoscopic surgery, an incomplete
removal of a highly migrated disk extrusion can result in
some cases. Here the authors describe a new technique for
accessing extruded lumbar disks that have migrated into
the canal directly through a transpedicular approach.

-METHODS: A technique for the endoscopic treatment of
highly migrated lumbar disk extrusions is presented.
Retrospectively, we reviewed a series of 21 consecutive
patients operated on with lumbar 3-4, lumbar 4-5, and lumbar
5Lsacral 1 highly migrated disk extrusions: preoperative
and postoperative clinical data with 1-year follow-up.

-RESULTS: A preliminary series of 11 male and 10 female
patients with an average age of 56.9 years (from 33e78 years
old) who underwent transpedicular endoscopic retrieval of
an extruded lumbar disk between 2012 and 2015 is presented.
Two patients required revision to transforaminal access, 1 at
the same sitting and the other 4 weeks later. The mean visual
analog scale score for radicular pain improved from an
average pain score before surgery of 8.1e1.7 one year after
surgery. No pedicle fractures were encountered.

-CONCLUSIONS: Transpedicular endoscopic access to
highly migrated lumbar herniated disk extrusions is pre-
sented as a unique minimally invasive approach to extruded
lumbar herniated disks, especially at L3-4, L4-5, and L5-S1.
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AP: Anterior-posterior
CT: Computed tomography
EHL: Extensor hallucis longus
L3: Lumbar 3
L4: Lumbar 4
L5: Lumbar 5
S1: Sacral 1
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INTRODUCTION
ndoscopic spine surgery is a minimally invasive surgical
approach that takes advantage of high-definition endo-
E scopic visualization positioned at the target pathology. It

is most often a needle-based procedure. A needle is placed at the
target pathology, and sequential dilation allows the introduction

of an endoscopic working channel. Drills and reamers are avail-
able to improve the surgical access to the target pathology. One

challenging spine pathology for endoscopic surgical treatment is
the highly migrated lumbar disk because the location of the target

pathology is not easily accessible by needle access. Options
presented in the literature include 1) transforaminal access by

removing the superior portion of the inferior pedicle and using
articulated bendable graspers1-4; 2) contralateral transforaminal

access reaching under the thecal sac through the contralateral
neural foramen5; and 3) interlaminar access, most suitable in the

case of L5-S1, which has a large interlaminar window and still
challenging at any level because of the neural structures be-

tween endoscopic access and target pathology.6 The authors
present here a new technique for endoscopic transpedicular

access to directly target highly migrated lumbar disks, which
allows direct endoscopic access to the disk pathology by

drilling or reaming a small hole through the lateral wall of the
pedicle.
MATERIAL AND METHODS

Operative Procedure
Patients were selected for treatment on the basis of the re-
sults of their magnetic resonance imaging, physical exami-
nation, and dermatomal pain pattern. All patients considered
for endoscopic surgical treatment had already exhausted
more conservative treatments, which included but were not
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limited to physical therapy and epidural steroid injections. For
the transpedicular endoscopic procedure the patient was
positioned in that lateral decubitus position with the operating
room table reversed, the flank over the break in the table, and
a rolled blanket under the patient just superior to the iliac
crest. The procedure was done under local analgesia and
intravenous sedation; the level of anesthetic was titrated so
that the patient was able to communicate with the surgeon
throughout the procedure. The Joimax transforaminal endo-
scopic surgical system with reamer or drill technique was
used for the procedure. Percutaneous entry was established
entering through the skin 12 cm lateral to the midline for the
pedicle of L5, 11 cm lateral to the pedicle for L4, and 10 cm
lateral to the pedicle for L3. Using intermittent fluoroscopic
guidance, alternating between lateral and anterior-posterior
(AP) view, a 25-cm, 18-gauge needle was advanced and
placed at the lateral pedicle between vertebral body and
transverse process. After feeling the needle contact the
bone, fluoroscopy confirmed the needle position in AP and
lateral views. The needle was then replaced by a K-wire
(Figure 1, C and D). A 6-mm skin incision was made over the
needle, and sequential dilators of 4 and 8 mm were inserted
down to the pedicle (Figure 1, E). Sequential dilators were
removed, and with the guidance of the K-wire, the
Yamshidi needle (Figure 1, F) was inserted down to the
pedicle under fluoroscopic guidance. The access point for
the Yamshidi needle is the middle of the pedicle in the AP
and lateral views. The success of surgery depends on the
accuracy of targeting at this point. Penetrating the full width
of the pedicle is done by simultaneously feeling by hand
and using fluoroscopic confirmation. The loss of resistance
and sometimes leg pain of the patient indicate that the
pedicle has been penetrated. The Yamshidi needle can be
replaced by 2-mm K-wire and disposable bone drill of 4 mm.
The small bone hole is then increased in size via a step-by-
step fashion with drills or reamers of increasing diameter
from 5e8 mm (Figure 1, G and H and Figure 2, C and D). After
making a hole of 8 mm through the pedicle, a final 7.2-mm
tubular retractor is inserted (Figure 1, I and J and Figure 2, E
and F). Before endoscopy, an additional puncture of the disk
below or above the pedicle is made with a mixture of
Figure 1. Lumbar 5�Sacral 1 cranially migrated extruded disk
fragment. (A) Sagittal T2 magnetic resonance imaging (MRI) shows
cranially migrated L5-S1 disk extrusion. (B). Axial T2 MRI showing
right cranially extruded L5-S1 disk fragment behind the body of L5.
(C) Lateral fluoroscopic view of the K-wire positioned at the midpoint
of the pedicle of L5. (D) Anterior-posterior (AP) fluoroscopic view of
the K-wire positioned at the midpoint of the pedicle of L5. (E) Lateral
fluoroscopic view of the Yamshidi needle positioned at the midpoint
of the pedicle of L5. (F) AP fluoroscopic view of the Yamshidi needle
penetrating the pedicle of L5. (G) Lateral fluoroscopic view of the
twist drill penetrating the pedicle of L5. (H) AP fluoroscopic view of
the twist drill penetrating the pedicle of L5. (I) Lateral fluoroscopic
view demonstrating the tubular retractor for the endoscope in place
and the simultaneous diskogram at the L5-S1 disk space. (J) AP
fluoroscopic view demonstrating the tubular retractor for the
endoscope in place and the simultaneous diskogram at the L5-S1
disk space. (K) Endoscopic view of the disk fragment visualized in
the hole made in the pedicle. (L) Photograph of the fragments of the
disk removed endoscopically.
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contrast medium (Solutrast 3 mL) and Toluidinblau blue dye
(0.1 mL) (see Figure 1, I and J and Figure 2, E and F). At this
point the Joimax GmbH endoscope with a 3.8-mm working
channel is inserted through the tubular retractor. Under
endoscopic visualization the blue-stained disk sequestration
can be seen under the traversing nerve root (Figure 1, K and
Figure 2, G). Straight and bendable forceps are used to
carefully remove the disk sequestration (Figure 2, J).

Successful decompression is accomplishedwhen the nerve root
is seen floating freely in the epidural space (Figure 2, H) and when
the patient can communicate that preoperative symptoms have
been relieved. The working channel and scope were removed,
pressure was held on the 6 mm incision for 5 minutes, and the
wound was closed with a single interrupted suture.

Results
From December 2012 until March 2015, 21 transpedicular
endoscopic discectomies were performed. This new tech-
nique was performed in 11 males and 10 females. Table 1
details the patient clinical data. The average patient age
was 52.5 years (from 34e78 years old). Cases included 5
disk extrusions from L3-4, 15 from L4-5, and 1 from L5-S1.
There were 5 cranial extrusions and 16 caudal extrusions
treated. Either a twist drill (Figures 1G,H and 2C,D) (11 cases) or
a crown reamer (10 cases) was used to make the hole in the
pedicle. The mean visual analog scale score (VAS) for
radicular pain improved from an average pain score before
surgery of 8.1e1.7 one year after surgery. The relief in
radicular pain was typically immediate and was expressed
as such by the patient during the procedure. In 18 cases
we were able to remove the sequestered disk fragment
through the hole in the pedicle, but in 2 cases the access
angle was too oblique and the disk fragment was then
removed transforaminally—within the same procedure in
one case and 4 weeks later in the other case. Ten patients
presented with neurologic weakness in either the foot or
great toe extension. For each of these patients, their motor
strength returned to normal within 3 months (the single
patient with the foot drop required a second transforaminal
Figure 2. Lumbar 4-5 caudally migrated extruded disk fragment. (A)
Sagittal T2 magnetic resonance imaging (MRI) shows caudally
migrated L4-5 disk extrusion. (B) Axial T2 MRI showing left caudally
extruded L4-5 disk fragment behind the body of L5. (C) Lateral
fluoroscopic view of the twist drill penetrating the pedicle of L5. (D)
Anterior-posterior (AP) fluoroscopic view of the twist drill
penetrating the pedicle of L5. (E) Lateral fluoroscopic view
demonstrating the tubular retractor for the endoscope in place and
the simultaneous diskogram at the L4-5 disk space. (F) AP
fluoroscopic view demonstrating the tubular retractor for the
endoscope in place and the simultaneous diskogram at the L4-5 disk
space. (G) Endoscopic view of the disk fragment visualized in the
hole made in the pedicle and the compressed nerve root. (H)
Endoscopic view of the decompressed nerve root after the disk
fragment has been removed. (I) AP fluoroscopic view of the
endoscopic grasper removing the extruded disk fragment. (J)
Photograph of a cadaver spine (pathology is ankylosing spondylitis)
demonstrating the relative size of the hole in the pedicle. (K)
Computed tomography (CT) sagittal reconstruction of the L5 pedicle
hole from this patient. (L) CT axial cut demonstrating the hole in the
pedicle (right) from this patient.
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Table 1. Surgical Series

Disk Level &
Direction of
Extrusion Side Age Sex Method

PreOp
VAS

6-Month
PostOp VAS

PreOp Neurologic
Deficit Complications Revision

L4-5 cranial Left 75 Male Reamer 7.5 1.5 None No

L4-5 cranial Left 78 Male Drill 8.5 1 EHL 2/5 No

L4-5 caudal Left 65 Male Reamer 9.5 2 None Deep vein thrombosis

L4-5 caudal Left 55 Female Reamer 9 1 EHL 3/5 No

L3-4 caudal Right 67 Male Drill 5.5 2.5 Anterior thigh
paresthesia

No

L4-5 cranial Right 57 Male Drill 9 1.5 EHL 3/5 No

L4-5 caudal Right 54 Female Reamer 7.5 2 None

L4-5 caudal Right 58 Male Reamer 8 2.5 None Intraoperative revision to
transforaminal diskectomy

L4-5 caudal Right 58 Male Reamer 8 2 EHL 2/5

L3-4 caudal Left 70 Female Drill 9 2.5 Foot Drop
AT 2/5

No Second surgery—transforaminal
approach due to persistent
foot drop

L3-4 caudal Right 34 Female Drill 7 1.5 EHL 3/5

L4-5 caudal Right 40 Male Drill 8 1 None No

L4-5 caudal Left 43 Male Reamer 7.5 1.5 EHL 4/5 No

L4-5 caudal Left 44 Male Drill 8.5 2 None No

L4-5 caudal Right 39 Female Reamer 7 1.5 EHL 3/5 No

L3-4 caudal Right 69 Female Drill 8.5 1.5 None

L3-4 caudal Right 61 Male Drill 8 3 EHL 3/5 No

L4-5 cranial Right 73 Female Reamer 8 1 None No

L4-5 caudal Right 65 Female Drill 8 1 None No

L4-5 caudal Right 57 Male Reamer 9 1.5 EHL 2/5 No

L5-S1 cranial Right 33 Male Drill 9 1 None No

VAS, visual analog scale; EHL, extensor hallucis longus; AT, anterior tibialis.

TECHNICAL NOTE
endoscopic procedure 4 weeks later). One patient suffered a
deep vein thrombosis of the calf 3 weeks after surgery. That
patient had sought out awake, endoscopic surgery because
he could not have general anesthesia due to his high
cardiac risk, in addition to suffering from obesity and
peripheral vascular disease.

In 1 year of follow up, no pedicle fractures were noted.
Lumbar CT scans were performed in 3 early patients at 1 day
postoperative (Figure 2, K) and 6 weeks postoperatively.
Lumbar magnetic resonance images were performed in 6
other cases 1 year postoperatively, and there was no
evidence of even a residual hole in the pedicles perforated.

DISCUSSION

Endoscopic spine surgery is typically a needle-based percuta-
neous procedure that uses endoscopic visualization placed

directly at the target pathology. One limitation of this technique is
that the endoscope can only go where the needle can be
302 www.SCIENCEDIRECT.com WORLD NEU
targeted: The area medial to the pedicle “hides” the disk from

the needle and the endoscope. Cadaver and radiologic exami-
nations reveal that the lumbar pedicle is longer and narrower at

L1 and becomes gradually shorter and wider down the lumbar
spine to L5.7,8 Females also have slightly smaller pedicles.7,8

Torun et al8 found the widest lumbar pedicle was measured at
L5 as 17.1 � 4.2 mm and the narrowest at L1 as 8.4 � 1.8

mm. That is why we would reserve transpedicular access only
for L3-5 in males and L4 and L5 in females. The outer diameter

of the tubular retractor for the endoscope used here is 7.5 mm,
which sets up the anatomic constraint limiting which pedicles are

appropriate for a transpedicular approach. Reaming or drilling a
pedicle of insufficient width poses the risk of fracturing that

pedicle.

The advantages of an endoscopic surgical approach to the lumbar
spine include that it is minimally invasive and can be performed

with the patient awake. Highly migrated lumbar disk extrusions
have offered experienced endoscopic spine surgeons a specific

challenge because the pedicle is in the way of targeting the
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2016.08.018
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needle to the disk pathology. Here we describe a direct needle

targeting through the pedicle by perforating the center of the
pedicle with a Yamshidi needle and then sequentially enlarging

the hole with sequential reamers or drills. The risks include
damaging the nerve, creating a cerebral spinal fluid leak, missing

the disk pathology, or fracturing the pedicle. The early experience
described here only saw 2 cases where the disk could not be

accessed through the pedicle and no cases of nerve injury or
cerebral spinal fluid leak. Open surgical approaches to disk

extrusion carry the risk of destabilizing the spine due to facet
removal; a transpedicular endoscopic approach carries the same

risk of destabilizing the spine by exposing the patient to a pedicle
fracture. A transpedicular approach is not suggested here for

upper lumbar spine disk extrusions—there the foramen are larger
and migrated disk extrusions are made accessible by shaving a

portion of the superior pedicle. The technique described here is
suggested as a novel technical nuance in the developing surgical

field of endoscopic spine surgery.

The idea of intentionally perforating the pedicle is not considered

here as superior to other endoscopic techniques for accessing
WORLD NEUROSURGERY 95: 299-303, NOVEMBER 2016
extruded disk material because the risk of fracturing the pedicle

could ultimately lead to patients requiring surgical stabilization.
Transpedicular surgery is described here as a novel approach that

could be considered in the hands of an experienced endoscopic
spine surgery to access intracanal pathology that is not easily

accessible through the foraminal or interlaminar window.

CONCLUSIONS

Other studies have shown that endoscopic spine surgery is an
effective procedure for treating multiple pathologies in the lum-

bar spine. Here a transforaminal approach that avoids a posterior

approach, reduces the need to remove stabilizing facet bone, is
truly minimally invasive, does not involve an instrumented fusion,

and does not require general anesthesia is suggested as a helpful
addition in the minimally invasive spine surgeon’s armamen-

tarium. The patient data presented here reflect only a small
retrospective series, and only VAS scores are recorded. Although

a novel surgical technique is proposed, a larger, prospective
study would be necessary to consider the clinical efficacy of this

technique more completely.
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