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Abstract: The objective of this study is to evaluate the efficacy of

the endoscopic technique, as applied to patients with foraminal

and extraforaminal disc herniations, and to report the outcome

and complications. A retrospective analysis was performed of 35

consecutive cases of foraminal and extraforaminal lumbar disc

herniation managed by posterolateral endoscopic discectomy.

Pain was measured by means of the Visual Analog Score.

Patient satisfaction was evaluated by the Macnab outcome

criteria. The median follow-up period was 18 months (range 10

to 35 months). The mean Visual Analog Score improved from

8.6 before the surgery to 3.2 after the surgery. Overall, excellent

or good outcomes were obtained in 30 (85.7%) of the 35 patients

at the last follow-up examination, with both these outcomes

showing statistically significant improvement (P<0.01). There

were no complications related to the surgery, nor was any spinal

instability detected. Three patients (8.6%) experienced persistent

radiculopathy and subsequently underwent open microdiscect-

omy at the same level. We concluded that transforaminal

percutaneous endoscopic discectomy is safe and efficacious in

the treatment of foraminal or extraforaminal disc herniations.

However, proper patient selection is paramount to ensure a

satisfactory outcome after decompression of foraminal and

extraforaminal disc herniations.
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Foraminal and extraforaminal lumbar disc herniations
have been reported to account for between 1% and

12% of all lumbar disc herniations.1–3

The foraminal zone refers to the area of the
intervertebral canal beneath the pedicle and the pars
interarticularis, while the extraforaminal zone, as defined
by Kunogi and Hasue, lies outside the lateral border of
the pedicle.4

Foraminal and extraforaminal disc herniations are
generally found in older patients and were first described
by Abdullah et al in 1974, with the L4-5 level being the
most commonly affected.1–3

Different surgical approaches, including the midline
and paraspinal approach, have been utilized to reach
these foraminal and extraforaminal disc herniations.1–17

There have been recent improvements in the postero-
lateral endoscopic technique and its associated operating
equipment. The development of the transforaminal,
percutaneous endoscopic technique for the decompression
of herniated lumbar discs represents an attempt to improve
operative efficacy, reduce the postoperative pain, limit the
length of hospitalization, reduce perineural fibrosis and
minimize the development of instability.18–25

In the current study, we document the outcome for
35 patients with intraforaminal and extraforaminal
herniated discs who were surgically treated with transfor-
aminal percutaneous endoscopic lumbar discectomies,
and we evaluate the efficacy and safety of this technique.

MATERIALS AND METHODS
Between January 2002 and December 2003, three

hundred five patients underwent a transforaminal per-
cutaneous endoscopic lumbar discectomy performed by
the author (Jee-Soo Jang). This study represents a
retrospective review of 35 (11.1%) among these patients,
consisting of 20 women and 15 men, for whom a
percutaneous transforaminal, posterolateral approach
was used for the treatment of foraminal and extrafor-
aminal disc herniations. The age of the patients ranged
from 22 to 84 years (mean age, 61 years). The inclusion
criteria were as follows: (a) unilateral radicular leg pain,
single-level foraminal or extraforaminal lumbar disc
herniation, as demonstrated on computed tomography
(CT) scan and magnetic resonance imaging (MRI); (b)
successful pain relief by diagnostic selective nerve root
block; (c) failure of conservative therapies, including
therapeutic selective nerve root block. The exclusion
criteria were definite segmental instability, foraminal
stenosis, spondylolytic spondylolisthesis, motor weak-
ness, or previous lumbar surgery in the same region. All
patients underwent immediate postoperative CT scan and
MRI.Copyright r 2006 by Lippincott Williams & Wilkins
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Preoperative Neuroimaging Evaluation
Neuroimaging studies were performed in all patients

to confirm the diagnosis. Nonenhanced 3-mm slice CT
scanning and MRI were conducted in all patients. These
diagnostic investigations revealed disc herniations, either
intraforaminal or extreme lateral, at the L5-S1 level in 3
patients (9%), at the L4-5 level in 20 patients (57%), at
the L3-4 level in 10 patients (28%), and at the L2-3 level
in 2 patients (6%). The herniated disc was located at an
intraforaminal location in 9 cases. Disc herniation
occurred exclusively at an extreme lateral location in 17
cases, while a simultaneous foraminal and extreme lateral
location was documented in 9 patients (Table 1). In all the
patients, the neuroimaging findings correlated with the
neurological examination and selective nerve root block
was performed at the compressed nerve, as demonstrated
on CT scan and MRI for the purpose of diagnosis and
conservative therapy.

Surgical Technique
Fluoroscopic monitoring in the antero-posterior

and lateral projection was essential to ensure the correct
placement of the instrumentation at each step. The
patient was placed in the prone position, with the back
mildly flexed, on top of a radiolucent table, and was kept
conscious during the procedure to enable any changes in
pain to be monitored. Therefore, anesthesia was limited
to 1% local lidocaine infiltration, supplemented with
conscious sedation. The skin entry point was determined
on the preoperative CT scan or the axial view of the MRI.
The exact location of this point was dictated by the size of
the patient, the dimensions of the facet joints, and the
desired location of the tip of the needle in the triangular
working zone that is bounded superiorly and anteriorly
by the nerve root, inferiorly by the transverse process, and
medially by the superior facet.

The angle of insertion of the needle used for
extraforaminal disc herniation should be stiffer than that
used for foraminal disc herniation. The extraforaminal
disc was located more laterally than the foraminal disc.
Therefore, a more vertical approach for the working
channel could make it easier to access the laterally located
extraforaminal disc.

The correct position of the needle tip was confirmed
using both anteroposterior and lateral projections. The
needle was inserted parallel to the disc space, midway
between the end plates. After the insertion of the needle,
discography was performed using a contrast mixture
consisting of 6mL of telebrix and 1mL of indigo carmine

(which is a nontoxic marker dye that has no neurotoxi-
city) for the staining of the disc material. A guide-wire
was inserted through the needle channel into the annulus,
and a small stab incision was made at the entry site of the
needle. After withdrawing the needle, a tapered cannu-
lated obturator was slid over the guide-wire and advanced
into the disc space. A beveled working cannula was
introduced over the obturator, which was then removed,
and the endoscope was inserted. Gentle tapping of the
annulus with the spinal needle before performing the
discectomy helped to confirm the absence of neural
impingement. After confirming the position of the work-
ing cannula in the disc space, internal decompression of
the disc was performed with pituitary forceps. After the
internal decompression, the working cannula was pulled
out from the disc space to the foramen (Fig. 1). Any
epidural bleeding encountered was controlled by using a
wide-sweep, radio frequency trigger-flex bipolar probe
(Fig. 2). Foraminal decompression was performed by
ablating the tip of the superior facet of the inferior
vertebra and ligamentum flavum by using a Holmium
yttrium-aluminum-garnet laser beam (Fig. 3).

In most cases of foraminal and extraforaminal disc
herniation, the ruptured or protruding disc fragment is
found to have slipped upward and migrated laterally.
Consequently, the tip of the working cannular should be
positioned in the cephalad and lateral direction (Fig. 4).
The tip of the working cannula is not anchored inside the
disc space anymore at this time. Therefore, the working
cannula can be moved in all directions. From the
endoscopic intraforaminal view, the surgeon was able to
identify the superior facet and the exiting nerve root.

FIGURE 1. After internal decompression the working cannular
was pulled out from the disc space to the foramen. When the
tip of the working cannular is placed upon the disc surface, the
angle of the working cannular should be changed to more
acute for the removal of the foraminal or extraforaminal disc
herniation.

TABLE 1. Location of Foraminal and Extraforaminal Disc
Herniations in 35 Cases

Level Intraforaminal Extraforaminal Both Total

L2–3 0 2 0 2
L3–4 3 4 3 10
L4–5 4 10 6 20
L5–S1 1 1 1 3
Total 8 17 9 35
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After confirming the exiting nerve root, the working
cannular could be moved along the exiting nerve root to
scrutinize and remove the disc fragment. By this
technique, direct nerve root decompression was success-
fully performed by removing the free disc fragment. When
all the disc material had been removed, the scope was
withdrawn and a sterile dressing was applied. MRI was
then conducted to confirm the removal of the disc
fragment (Fig. 5).

Outcome Evaluation
The surgical outcomes were assessed using both the

Macnab outcome criteria and the Visual Analog Score
(VAS). The outcome measurements were assessed by
applying the Macnab outcome criteria, which consider

radicular pain, neurological deficits, and activity as the
major variables (Table 2).26 On the VAS, the patient
indicates the intensity of the pain experienced on a typical
day, by making a mark on a line graduated from 0 to 10,
corresponding to the pain level. In the current study, the
improvement in both the outcome measurements was
found to be statistically significant (P<0.01). The records
for each patient were analyzed with respect to the clinical
findings, radiological examination, operative procedure,
and surgery-related complications, and the incidence of
subsequent operations. The outcome data were primarily
obtained by office visits and direct contact 6 weeks
postoperatively. Thereafter, follow-up information was
obtained by trained nurses via telephone interviews or
hospital visits, at 3, 6, 12 and 24 months postoperatively.

FIGURE 2. Any epidural bleeding encountered is controlled
by using a radio frequency trigger-flex bipolar probe.

FIGURE 3. Foraminal decompression is
performed by ablating the tip of the
superior facet of the inferior vertebra
and ligamentum flavum by using a
Holmium yttrium–aluminum–garnet
laser beam.

FIGURE 4. The tip of the working cannular should be
positioned in the cephalad and in a lateral direction for the
removal of the upward and laterally migrated disc fragment.
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The data were collected by a registered nurse assisting the
operating surgeon.

RESULTS
The operative time ranged from 40 to 60minutes.

During the procedure, we asked the patient if the leg pain
was aggravated or not. Therefore, we did not have any
cases of neural injuries during the procedures in this
study. All the patients were discharged home within 24
hours. The mean follow-up period was 18 months (range
10 to 35 months).

In the immediate postoperative period, 6 patients
(17%) developed burning dysesthesia in the sensory
distribution of the operated nerve root. This pain was
controlled by selective nerve root block and medication
with carbamazepine postoperatively and usually resolved
within 4 to 6 weeks. The mean preoperative and
postoperative VAS scores were from 8.6 before the
surgery to 3.2 after the surgery. These improvements

were statistically significant (P<0.01). Overall, excellent
or good outcomes were obtained in 30 (85.7%) of the 35
patients as determined at the last follow-up examination
according to the Macnab criteria.

One patient had postoperative back pain, but the leg
pain was relieved.

In another patient the severity of the leg pain
reduced; however, remnants of leg pain remained after the
procedure. The leg pain was controlled by selective root
block and analgesics. These 2 patients were not satisfied
with the surgical results despite the improvement of their
clinical symptoms. The outcomes of these patients were
categorized as fair. Eight patients complained of remnant
radiculopathy that was treated by selective nerve root
block. Three (8.6%) of these 8 patients experienced
persistent radiculopathy with poor outcome, and subse-
quently underwent open microdiscectomy via the lateral
approach at the same level and on the same side. Under
microscopy, the exiting nerve root was compressed by the
narrowed foramen in all patients, and by a remnant disc
fragment in 1 patient. After the surgery, the patients were
relieved of leg pain. Two of the open microdiscectomies
involved lumbar disc herniation at the L4-5 level. One of
the open microdiscectomies involved lumbar disc hernia-
tion at the L5-S1 level.

DISCUSSION
The clinical syndrome of foraminal or extraforam-

inal lumbar disc herniations and its surgical decompres-
sion through a posterior approach was first reported by
Abdullah and colleagues.1 These herniations have several
specific clinical features, including in particular, severe
radicular pain. The dorsal root ganglion has been
reported to be one of the causative factors of severe
radicular symptoms in patients with foraminal or extra-
foraminal disc herniations.27,28 Patients with more
cephalad far-lateral discs exhibit proximal hip pain
radiating into the anterior thigh and knee. The radicular
pain is aggravated by extension or lateral bending.
Therefore, the patient often crouches to relieve the pain.

Herniations outside the neural foramen are often
overlooked in high-resolution CT scan or MRI. Non-
recognition of this disease entity could result in the failure
to properly diagnose the condition and offer surgical
treatment for disabling and refractory radicular pain.
High-resolution CT scan studies of lateral, foraminal, or
extraforaminal herniation is dependent on the differential
densities of the disc material, nerve root, epidural fat, and
the thecal sac.29 In this series, standard CT scan slices
were used in all the patients to facilitate the diagnosis of
the foraminal and extraforaminal disc herniations.
Standard CT scan views can clearly demonstrate for-
aminal and extraforaminal disc herniations, by compar-
ing them with views taken from the contralateral
side.29,30 In this series, MRI with a standard axial and
parasagittal view was the diagnosis tool of choice for
visualizing the foraminal and extraforaminal disc hernia-
tions. As with foraminal disc herniations, upward

FIGURE 5. A, Preoperative sagittal MRI showing nerve
compression by the up-migrated disc fragment. B, Post-
operative sagittal MRI showing the nerve decompression
obtained by removal of the disc fragment.

TABLE 2. Macnab Criteria for the Classification of Outcome

Classification Criteria

Excellent No pain; no restriction of activity
Good Occasional back pain, or leg pain of sufficient severity to

interfere with the patient’s ability to do normal work
or his capacity to enjoy leisure hours

Fair Improved function capacity, but handicapped by
intermittent pain of sufficient severity to curtail or
modify work or leisure activities

Poor No improvement or no sufficient improvement to enable
increase in activities; further operative intervention
required
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migrated disc material is detected on the parasagittal view
through the lateral exit zone. Extraforaminal disc
herniation is detected on the axial view of the MRI.
Coronal MRI may also be of value in diagnosing
foraminal and extraforaminal disc herniations.31

Different surgical approaches have been utilized to
reach foraminal and extraforaminal disc herniations.
Conventional open surgery involving both midline and
paramedian approaches has been performed to treat these
lesions. Several authors have advocated the medial
interlaminar approach.1,3–5,8,9,12,13 However, because in
most foraminal and extraforaminal disc herniations a free
fragment has slipped upward and migrated laterally, this
requires an important upward and lateral enlargement of
the interlaminar fenestration. The removal of this
important bone weakens the base of the articular process
and may result in fracture, despite partial facetectomy.15

In an attempt to minimize the amount of bone
resection but nevertheless reach the foraminal and
extraforaminal space, several authors contributed to the
development of a paramedian transmuscular approach
which has been described previously by Wiltse
et al.6,10,14–17 With this technique, the dissection remains
immediately lateral to the facet joint, and retraction is
minimized. The use of a microsurgical technique greatly
facilitates the dissection, when opening the transverse
ligament and performing decompression of the neural
structure. By using the paramedian transmuscular
approach combined with microsurgical techniques, there
is minimal resection of the bone and facet joint and little
risk of injury to the neural structures. This approach can
be easily combined with the interlaminar approach when
facet hypertrophy or more medial pathological material is
present.7,11 The paramedian approach remains an ex-
cellent option, although it is not familiar and is not
practiced by many spine surgeons.

Many authors have recently contributed to the
development of the posterolateral percutaneous endo-
scopic technique for various lumbar disc diseases.18–25

Kambin et al reported a success rate of 88.2% for
arthroscopic microdiscectomy and this report included
the treatment of foraminal and extraforaminal hernia-
tion.21 Lew et al reported a success rate of 85% for
transforaminal percutaneous endoscopic discectomy that
was used to treat foraminal and extraforaminal lumbar
disc herniation.24

When using the percutaneous techniques for treat-
ing foraminal and extraforaminal disc herniations,
surgical access is gained via a 1-cm posterolateral incision,
in which case the muscle fibers are not severed, but
separated with the aid of a cannulated obturator, thus
preventing denervation of the musculature and formation
of scars. The advantages of this technique over conven-
tional laminectomy and discectomy include low morbid-
ity, reduced denervation of the musculature and reduced
perineural fibrosis, preservation of spinal stability, and a
more rapid recovery.18–25

A new technique and special equipment are needed
for working in tight quarters. A Holmium YAG laser is

normally used to ablate the hard-to-reach annulus
fibrosus attachments, the ligamentum flavum and also
the osteophytes when needed. The laser’s unique ability to
ablate bone and firm fibrous tissue is used to remove the
tip from the superior facet of the inferior vertebra and
also the deep surface from the same facet.25 The bipolar
radio frequency, flexible, trigger-flex probe has expanded
the epidural boundaries of exploration. This device has
good practical use in reaching out and coagulating
bleeders in hard-to-reach places, including the epidural
space, with little or no unintended collateral tissue
injury.25

The success rate (good and excellent outcomes) of
this study was 85.7%. These results compare favorably
with the published outcomes for those patients with
foraminal and extraforaminal disc herniations that were
treated by the conventional surgical approaches.5–8,11,12,21,22

However, a main limitation to this procedure is its
inability to successfully treat foraminal or extraforaminal
nerve root compression at the L5-S1 level. The L5-S1
level may pose some technical difficulties because of the
possible proximity of the iliac crest or prominent alae
sacralis, which may make it impossible to obtain an
oblique view into the depth of the lateral interpedicular
compartment. A paramuscular approach combined with
a more extensive far-lateral bone drilling of the sacral
structures may be appropriate in these difficult anatomi-
cal conditions. Ahn et al32 have demonstrated the clinical
efficacy of the posterolateral percutaneous endoscopic
lumbar foraminotomy for L5-S1 foraminal or extrafor-
aminal exit zone stenosis. However, the unique anatomi-
cal condition at L5-S1, such as the proximity of the iliac
crest, sacrum and L5 transverse process, acts as an
obstacle, with the result that access at this level is
considered too difficult. Moreover, in many cases,
foraminal or extraforaminal disc herniations are com-
bined with stenosis in this region. Patients with foraminal
and extraforaminal disc herniations combined with
stenosis at L5-S1 are not likely to benefit from this
operative procedure. Therefore, endoscopic foraminal or
extraforaminal decompression would be prudent at L5-S1
level. In this study, we performed posterolateral endo-
scopic discectomy for foraminal or extraforaminal disc
herniation at L5-S1 in the case of a tall disc without
stenosis. The angle of the working cannular for the L5-S1
level should be more acute than that for the other levels to
avoid anatomical obstacles such as the high iliac crest.

Six patients (17%) developed burning dysesthesia in
the sensory distribution of the operated nerve root. This
pain was controlled by selective nerve root block and
medication with carbamazepine postoperatively and was
usually resolved within 4 to 6 weeks. This transient
neuropathic pain was common and was theorized to be
caused by the manipulation of the dorsal root ganglion
during surgery.14 So far, we have not encountered any
vascular complications after this operative procedure.
Although the outcome is encouraging in this limited
group of 35 patients who underwent endoscopic decom-
pression of foraminal and extraforaminal lumbar disc
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herniations, a large number of patients and longer follow-
up period are needed to confirm these early results.

CONCLUSION
In our limited experience, the posterolateral endo-

scopic approach to foraminal and extraforaminal lumbar
disc herniations for the decompression of the exiting root
contributes a minimally invasive procedure that seems to
be safe and effective. Proper patient selection is para-
mount to ensure a satisfactory outcome after decompres-
sion of foraminal and extraforaminal disc herniations.
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