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Strategies for Noncontained Lumbar Disc Herniation 
by an Endoscopic Approach : Transforaminal
Suprapedicular Approach, Semi-Rigid Flexible 
Curved Probe, and 3-Dimensional Reconstruction CT
with Discogram
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Objective : The purpose of this study was to evaluate the efficacy of a transforaminal suprapedicular approach, semi-rigid flexible curved probe,
and 3-dimensional reconstruction computed tomography (3D-CT) with discogram in the endoscopic treatment of non-contained lumbar disc
herniations. 
Methods : The subjects were 153 patients with difficult, non-contained lumbar disc herniations undergoing endoscopic treatment. The types of
herniation were as follows : extraforaminal, 17 patients; foraminal, 21 patients; high grade migration, 59 patients; and high canal compromise, 56
patients. To overcome the difficulties in endoscopic treatment, the anatomic structures were analyzed by 3D reconstruction CT and the high
grade disc was extracted using a semi-rigid flexible curved probe and a transforaminal suprapedicular approach. 
Results : The mean follow-up was 18.3 months. The mean visual analogue scale (VAS) of the patients prior to surgery was 9.48, and the mean
postoperative VAS was 1.63. According to Macnab’s criteria, 145 patients had excellent and good results, and thus satisfactory results were
obtained in 94.77% cases. 
Conclusion : In a posterolateral endoscopic lumbar discectomy, the difficult, non-contained disc is considered to be the most important factor
impeding the success of surgery. By applying a semi-rigid flexible curved probe and using a transforaminal suprapedicular approach, good
surgical results can be obtained, even in high grade, non-contained disc herniations. 
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INTRODUCTION

Herniated disc material can be contained or noncontained.
In the case of noncontained disc herniation, relatively large
amount of disc material can be displaced and even se-
questered and migrated. Therefore, it is not easy to remove
disc fragments successfully by minimal invasive surgical

treatment.
Although new techniques have been developed for per-

cutaneous endoscopic discectomies, a microscopic discec-
tomy has been the standard method for treatment of
lumbar disc diseases1,2,19,20). Especially in cases of non-
contained disc herniations, it is difficult to remove the disc
fragment safely by a percutaneous endoscopic method.
Recently, improved results of percutaneous endoscopic
discectomies have been reported1,5,8,10,13,17,18,20,21,29). The
percutaneous endoscopic approach is limited by the
difficulty in reaching the lesion due to anatomic barriers
and it has been the major cause of post-operative remnant
disc materials. Specifically, in cases of a compromised high
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grade canal or high grade migrated disc herniation, it is
difficult to reach to the lesion in the epidural space initially
or in the migrated disc area14-16). To overcome such limita-
tions of endoscopic methods, we analyzed anatomic
structures by three-dimensional (3D) reconstruction com-
puted tomography (CT) images with a discogram pre-
operatively and applied a transforaminal suprapedicular
approach for high grade inferior-migrated disc herniations,
and a posterolateral approach for high grade non-contained
disc hermiations using a semi-rigid flexible curved probe.
The purpose of this study was to determine the usefulness
of pre-operative 3D reconstruction CT images with a
discogram and a semi-rigid flexible curved probe.

MATERIALS AND METHODS

Between August 2004 and October 2007, the study
population consisted of 153 consecutive patients with
radiculopathies due to high grade, non-contained-type disc
herniations in which a rigid endoscope assessment was
difficult and they were treated with PELD5). All patients
met the following criteria : 1) unilateral radicular leg pain,
2) high grade, migrated or compromised disc herniation
and foraminal or extraforaminal non-contained disc hernia-
tions without stenosis at a single-level, 3) no history of
previous lumbar surgery, 4) failure of appropriate conserva-
tive treatment, and 5) no calcified disc herniations.  All of
the cases were classified into 4 types (high canal compromise,
high grade downward migration, foraminal, and extrafora-
minal), according to pre-operative magnetic resonance
(MR) images and CT scans with discograms. The symptoms
corresponded with the pre-operative images. According to
the pre-operative images, the types of herniations were as
follows : high grade migration type far-downward from the
center to the inferior margin of the lower pedicle14,15), 59
cases; high canal compromised type herniation exceeding
50% of the canal cross-sectional area compromise14), 56
cases; non-contained extraforaminal type, 17 cases; and non-
contained foraminal type, 21 cases. 

Anesthesia
Epidural anesthesia was performed in all cases. Either 100

µg of fentanyl and 0.5% pucain were diluted by 1/2 and
prepared as a 0.25% solution and approximately 15-20 cc
was injected into the epidural space or 15-20 cc of 0.5%
pucain stock solution was injected into the epidural space.
Anesthesia was assessed by checking the sensory level, and
surgery was then performed9,11,23,26). During surgery, the
anesthesia was not sufficient to block the nerve root com-
pletely, so we could detect the patient’s sensory and motor

changes. 

Surgical technique
The sequence of surgery was identical to the general

transforaminal endoscopic procedure1,21,22,25). Prior to the
procedure, using indigo-carmine dye, evocative chromodis-
kography18,22) was performed. In the cases of high canal
compromised and high grade communicated migration
types, assessment was via a posterolateral approach was
used26,27,30). In the cases of a high grade non-communicated
inferior sequestrated type, we accessed the pathology by an
extreme lateral route24) and suprapedicular approach12)

simultaneously. A 1 cm skin incision was made 8-12 cm
from the midline according to the herniated disc type. An
operative sheath (YESS System; Wolf, Knittlingen, Ger-
many) was installed in the disc space. If the case required
disc decompression, it was better to first perform decom-
pression identical to the posterolateral procedure1,17,21,22).
After completion of the decompression, the cannula was
removed carefully from the foraminal space, and moved to
the target disc fragment. In the endoscopic view, the blue-
stained disc fragment was visible at the upper quadrant of
the view, but a straight probe or forceps could not reach the
disc area, so we used a semi-rigid flexible curved probe (RZ
Medizin Technik GmBH, Tuttlimigen, Germany) to care-
fully hook and pull the disc material out to the center of
the endoscopic view. Then, a forceps could reach the disc
fragment and easily remove it. In the case of a high grade
inferior migrated disc herniation, an immediate suprapedi-
cular approach was preferred. In the suprapedicular appro-
ach, after disc extraction, the pedicle was surrounded by
abundant soft tissues, fat, and blood vessels. The superior
margin of the pedicle was secured by removing these struc-
tures completely using a high voltage bipolar probe manu-
factured by Ellman (Ellman Innovation, New York, NY,
USA) and forceps. If the pedicle and upper margin of the
lower vertebra were properly prepared, a sufficient space to
perform the suprapedicular approach was obtained. If the
disc material was extracted and thus nerve root decom-
pression was sufficient, massive bleeding could obscure the
structural findings in the endoscopic view. However, this
bleeding could be controlled by bipolar coagulation and
saline irrigation, and the sufficiently movable traversing
nerve root could be assessed. Upon performing the proce-
dure, the epidural space and the traversing nerve root was
exposed, and occasionally the ruptured disc material was
exposed first and thus it could be removed readily. However,
the inferior migrated ruptured material was present below
the traversing nerve root in most cases, and care was exercised
so as not to injure the traversing nerve root.
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Evaluation 
Based on the MRI and 3D CT image with the disco-

gram prior to surgery, the migration and lesion types were
analyzed. Approximately 1-4 hours after surgery, the
remnant disc was assessed by checking with a MRI. One
month after surgery, the improvement level of the patient
was evaluated by the Visual Analogue Pain Score (VAS),
including neurologic tests and MacNab’s criteria. 

RESULTS

There were 68 male and 85 female patients. The age
distribution of patients is as follows : adolescence (6), 20s
(21), 30s (33), 40s (36), 50s (28), 60s (24), and 70s (5).
According to our classification of non-contained disc her-
niations, the extraforaminal type affected 17 patients [L2-3
(1), L3-4 (5), L4-5 (5), and L5-S1 (6)], the foraminal type
affected 21 patients, [L2-3 (1), L3-4 (5), L4-5 (10), and L5-
S1 (5)], the high grade migration type affected 59 patients
[L2-3 (1), L3-4 (11), L4-5 (47), and L5-S1 (0)], and the
high canal compromised type affected 56 patients [L2-3
(0), L3-4 (12), L4-5 (44), and L5-S1 (0)]. Mean follow-up
was 18.3 month (range 8-36 months). The mean preoperai-
tive visual analogue scale (VAS) for leg pain was 9.48, At
the last follow-up examination, after an average period of
more than 6 months postoperatively, the mean VAS for leg
pain was was 1.63.

According to MacNab’s criteria, 99 patients (64.71%)
had excellent results, 46 patients (30.07%) had good
results; thus, satisfactory results were achieved in 145 pa-
tients (94.77%). Six patients (3.92%) had fair results, and
2 patients (1.31%) had poor results. In one case, a huge
paravertebral hematoma developed after surgery; however,
after bed rest, it resolved without any neurologic deficits. In
3 cases, transient paresis developed, but resolved during
follow-up over a 1 week period. In another case, a cerebral
infarction unrelated to surgery developed, and thus treat-
ment was performed. In 9 cases, transient hypesthesia
developed, and in 8 patients the transient hypesthesia resol-
ved during follow-up in 1-3 weeks, but 1 patient had sus-

tained symptoms after 6 months.

DISCUSSION

Herniated disc material can be contained or noncon-
tained. Disc herniation is described as contained, if the
displaced portion is covered by outer annulus. The noncon-
tained disc herniation is defined when absent any such
covering. A disc with a contained herniation would not
leak into the vertebral canal fluid that has been injected
into the disc. Containment refers to the integrity of the
outer annulus covering the disc herniation9).

In the cases of noncontained disc herniation, relatively
large amount of disc material is displaced and often seques-
tered and migrated. Therefore, it is not easy to remove
successfully by surgical treatment. 

The success rates of discectomy for lumbar disc hernia-
tion have improved greatly and range from 80% to 96%.
Generally, microscopic discectomy after laminotomy is still
considered the gold standard2,3,7,14,19), but recently numerous
studies involving endoscopic discectomy have been re-
ported, and the outcomes have been improving gradu-
ally1,2,10,13-17,20-22,29). However, the lateral approach endo-
scopic discectomy has many limitations due to anatomic
barriers, such as the iliac wing. The height of the working
disc space should be adequate8) and the working disc space
must be approached through the foraminal space, which is
difficult10). Therefore, due to anatomic reasons, the indica-
tions for endoscopic surgery are limited and endoscopic
surgery is relatively contraindicated for non-contained high
grade canal compromise or migration type cases18,20).

In the case of a high canal compromised type herniation,
the epidural space is very narrow (Fig. 1). Therefore, a decom-
pressive discetomy should be done in advance so as not to
injure the nerve via compression when endoscopic devices
enter into the disc space. The working cannula and en-
doscope should not enter the disc space deeply until iden-
tifying the yellow ligaments and annulus fibrosus; after
identifying the yellow ligaments and annulus fibrosus, these
structures should be carefully cut and a small hole should
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Fig. 1. High grade canal compromised type. Pre-operative magnetic resonance (MR) images show herniated disc material encroaching the canal by more
than one-half (A and B). Discogram with computed tomogtaphy image show non-contained disc herniation (C). Post-MR image showing disc materials
removed successfully and the dural sac re-expanded (D and E).
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be made in the annulus, through which
the disc materials are removed by
forceps from the superficial to deeper
disc.

If sufficient vacant disc space is
secured by a decompressed discectomy,
the endoscope can be carefully advan-
ced into the central disc space. At that
time, the dura is not invisible because
it is hidden by ruptured expulsed disc
material, so we carefully catch the disc
fragments with forceps and extract the
disc material, and finally identify the
dura and nerve root surrounded by
epidural fat.      

In the cases of foraminal and extra-
foraminal types of herniation, the disc
material is located closer than the
other types and behind and under the exiting nerve root
(Fig. 2). For the purpose of securing a safety zone, the angle
of the endoscope accessing the ruptured disc material
would be steeper (angle, 30-45˚). Without a decompressive
discectomy, fragments can be identified and removed easily
in the intervertebral foraminal space. In the cases of extra-
foraminal or far lateral disc type herniations, the PELD can
remove the disc material effectively and decompress the
nerve root safely without fusion. In cases of high grade
inferior migration-type lumbar disc herniation, the success
rate of endoscopic discectomy is lower18,20) because the
endoscopic access to the lesion is interrupted by anatomic
structures and a rigid endoscope and a probe cannot reach
the lesion. Some surgeons have reported that other methods,
such as the extreme lateral access24) and epiduroscopic
approach18), and flexible working channel scope could solve
such problems (Fig. 3)10). The transforaminal suprapedi-
cular approach is a method to remove the migrated disc
through the foraminal narrow space above the pedicle of
the lower vertebra. The transforaminal suprapedicular
approach has several advantages. The manipulation is
performed at the foraminal level and thus it could have a
sufficient angle to reach the migrated disc, the epidural
space could be approached readily, and sufficient assess-
ment of root decompression and disc extraction is feasible.
If a working cannula is installed in the disc space and
subsequently the cannula is moved to the upper margin of
the lower vertebral pedicle, the surrounding soft tissues can
be clearly arranged by a high voltage bipolar probe (Ellman
Innovation, New York, NY, USA) and forceps. The
suprapedicular entry space can be prepared (Fig. 1C, D).
Through this route, the inferior-migrated disc material can

be extracted by performing an epiduroscopic approach
with the use of a semi-rigid flexible curved probe. To
remove the disc materials successfully by PELD in the non-
contained disc herniation, it is important to know the
information about disc material, such as volume, single or
multiple pieces, direction, anatomic relationship, and lo-
cation of the target disc fragment. This information can be
obtained by 3D reconstruction CT and help to determine
the direction of the working cannula accessing the disc
fragments. According to 3D reconstruction CT images, the
target disc material can be accessed and the disc material
can be safely extracted. However, targeted disc fragments
are often visible in the endoscopic view, but straight forceps
cannot reach the target. Then, a semi-rigid curved probe is
inserted into the target disc material. This probe is mani-
pulated to hook the disc material and move it to the center
space on endoscopic view, then the disc material is caught
firmly by straight forceps and disc material is successfully
and safely extracted.
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Fig. 2. High grade non-contained foraminal disc. Pre-operative magnetic resonance (MR) images shows
right huge non-contained L5-S1 foraminal disc (A, B and C). Preoperative 3D computed tomography
image with discogram shows disc material herniated through the foramen between the right L5 and S1
pedicle (D and E)  Post-operative MR images shows foraminal disc material extracted completely (F, G
and H). 
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Fig. 3. Suprapedicular approach. The epidural space is exposed by clearing
around the pedicle, and the lesional disc can be removed through this point.
A : Intra-operative view. B : Schematic drawing. The red round area
indicates the intra-operative view (A), Red arrow : Pathway of suprapedicular
approach. 
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CONCLUSION 

In many cases of non-contained high grade disc hernia-
tions, especially in high grade canal compromised or high
grade inferior migrated types, it is difficult to remove disc
material successfully and safely by the percutaneous endos-
copic approach. In these cases, it is important to know
information about disc materials and accurately analyze the
anatomic limitations by pre-operative 3D CT with a disco-
gram study. It helps us to determine the proper endoscopic
surgical approach route to the disc material. During the
endoscopic approach, a semi-rigid flexible curved probe
and suprapedicular approach is very useful to remove the disc
materials that straight forceps cannot reach in the endos-
copic view. 
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