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Abstract
Background Compared with lower lumbar disc herniations,
upper lumbar disc herniations at L1–L2 and L2–L3 have
specific characteristics that result in different surgical
outcomes after conventional open discectomy. There are
no published studies on the feasibility of percutaneous
endoscopic lumbar discectomy for upper lumbar disc
herniation. The purpose of this study was to assess the
clinical outcome, prognostic factors and the technical
pitfalls of PELD for upper lumbar disc herniation.
Method Forty-five patients with a soft disc herniation at L1–
L2 or L2–L3 underwent percutaneous endoscopic discectomy.
Posterolateral transforaminal endoscopic laser-assisted disc
removal was performed under local anesthesia. Clinical

outcomes was assessed using the Prolo scale. The prognostic
factors associated with outcome were then analyzed.
Findings The mean follow-up was 38.8 months (range, 25–
52 months). The outcome of the 45 patients was excellent
in 21 (46.7%), good in 14 patients (31.1%), fair in six
patients (13.3%), and poor in four patients (8.9%). Four
patients with a poor outcome underwent further open
surgery. Mean scores on a visual analog scale decreased
from 8.38 to 2.36 (P<0.0001). Age less than 45 years and a
lateral disc herniation were independently associated with
an excellent outcome (P<0.05).
Conclusions Patient selection and an anatomically modi-
fied surgical technique promote a more successful outcome
after percutaneous endoscopic discectomy for upper lumbar
disc herniation.
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Introduction

Inthespectrumofdischerniation,themeaningof“upperlumbar”
remains controversial.Most authors consider the upper lumbar
discsasL1–L2andL2–L3[4, 5, 8, 34], some expand this to
include L3–4 [3, 6, 9, 17, 30, 37]. Some have expanded the
definition to include T12–L1 [12]. Generally, compared with
lower lumbar disc herniations, upper lumbar disc herniations
at L1–L2 and L2–L3 have specific characteristics that result
in a less favorable outcome after operation [34]. However,
recent advances in endoscopic technology, have made a
selective epidural discectomy for an extruded disc feasible
under local anesthesia via the transforaminal approach [1, 2,
15, 21, 35, 38].
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The preliminary results of several randomized trials
show that percutaneous endoscopic lumbar discectomy
(PELD) is effective in selected patients, and its clinical
outcome is comparable to that after conventional open
surgery with the added benefit of reduced invasiveness
[11, 23, 24]. Nevertheless, the clinical and radiologic
features of upper lumbar disc herniation are different
from those of lower lumbar disc herniation, and most of
this research has been limited to lower lumbar disc
herniations [1, 2, 28, 35]. There are few reports of the
outcome of endoscopic discectomy for upper lumbar
disc herniation.

We evaluated the outcomes and characteristics of
percutaneous endoscopic discectomy for upper lumbar disc
herniation. We also described the prognostic factors and
technical pitfalls that might be specific to performing the
operation for upper lumbar disc herniations.

Materials and methods

Patients and assessment of outcome

The clinical data of 45 consecutive patients who had
undergone percutaneous endoscopic discectomy at either the
L1–L2 or the L2–L3 level at our hospital between January
2001 and March 2003 were reviewed. The inclusion criteria
were patients with a soft disc herniation at the L1–L2 or the
L2–L3 level as demonstrated by computed tomography (CT)
and magnetic resonance (MR) imaging, with no segmental
instability on plain radiography; unilateral radicular leg pain;
and a lack of response to extensive conservative treatment.
The exclusion criteria were the presence of spinal stenosis,
chronic discogenic back pain, calcified fragments, painless
motor weakness, and pyogenic discitis.

The features of the patients were obtained from a review
of the patients’ charts and a patient-based outcome question-
naire. At each follow-up, patients completed a questionnaire
that reflected their functional status and degree of pain
intensity. The surgical outcomes were assessed by using the
Prolo functional economic outcome rating scale [32] (Table 1).
The patients’ status was classified as excellent (Prolo scale
score, 9–10), good (7–8), fair (5–6), and poor (4 or less). The
intensity of the pain was measured using a visual analog scale
(VAS, 0–10 points). One radiologist who was not aware of
the other features analyzed the radiologic findings. Relation-
ships between the preoperative variables and outcome were
analyzed using Fisher’s exact test, a Mann–Whitney U test,
and an unpaired t test. Values for P less than 0.05 were
considered statistically significant. Risk factors noted to be
related to outcome on univariate analysis were then evaluated
using a multivariate logistic regression model with SPSS
14.0 K (SPSS, Chicago, IL) statistical software.

Surgical technique

The theoretical basis for percutaneous endoscopic discec-
tomy for upper lumbar level disc herniation can be
summarized as: (1) an anatomically modified transforami-
nal percutaneous approach and (2) selective discectomy
after annular release under direct endoscopic visualization
[2, 35, 38]. The operation was performed with the patient in
the prone position and under local anesthesia. A steeper
needle insertion angle (35–45°) is safer, unlike the angles
typically used at the lower lumbar levels. A steeper
approach can guarantee adequate working space without
neural damage because the upper lumbar disc is more
concave. Therefore, the optimal skin entry point is more
medial (6 to 9 cm from the midline) than is the case at
lower lumbar levels. An 18-gauge spinal needle was gently
introduced under fluoroscopic guidance until it contacted
the annular surface. At this moment, the needle tip was
positioned immediately lateral to the midpedicular line in
the AP projection. This lateral annular puncture point was a
key point for preventing dural sac damage because the
dural sac may be exposed through the foraminal window in
the upper lumbar level.

After inserting the needle, intraoperative discography
was performed with a mixture of contrast media and indigo
carmine to stain the pathological nucleus and estimate the
location of the annular tear. A guide wire was then inserted
through the spinal needle, and the needle was removed. A
small stab incision was made at the entry site of the needle,

Table 1 Prolo functional economic outcome scale

Score Criteria

Economic status

1 Complete invalid

2 No gainful occupation including ability to do housework or
retirement activities

3 Able to work but not at previous occupation

4 Working at previous occupation part-time or with limited
status

5 Able to work at previous occupation with no restrictions of
any kind

Functional status

1 Total incapacity (or worse than before operation)

2 Mild-to-moderate level of lower back pain and/or sciatica (or
pain same as before operation but able to perform all daily
tasks of living)

3 Low level of pain and able to perform all activities except
sports

4 No pain, but patient has had one or more recurrences of
lower back or sciatica

5 Complete recovery, no recurrent episodes of lower back pain,
able to perform all previous sports activities
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and a tapered dilating obturator was placed over the guide
wire down to the annular surface. A bevel-ended working
sheath was then passed over the obturator and docked
within the annulus. After the obturator was removed, an
operating endoscope (5.8×5.1 mm ellipsoidal endoscope
with an eccentrically placed 2.7-mm working channel and
two irrigation channels) was inserted. The operating field
was then examined via direct endoscopic visualization to
determine if there was any neural tissue. After confirming
that no neural tissue was impinging the endoscopic field, an
initial annulotomy was performed using a small annulot-
omy trephine. After securing a subannular working cavity,
delicate epidural exploration and selective removal of the
extruded nucleus were performed.

The endoscope should be positioned so that it simulta-
neously visualizes both the epidural and the intradiscal
space in a single endoscopic frame. The blue-stained
nuclear fragment, which extrudes through the inflamed
annular fissure, can be easily identified (Fig. 1a). The neck
of the herniated mass typically is firmly anchored to a
fibrotic annular fissure and epidural inflamed adhesion. A
side-firing, Holmium:YAG laser and cutting forceps were
used to loosen the annular anchorage and to vaporize the
herniated mass. This annular release is important for most
endoscopic procedures, regardless of the level.

After the annular fissure has been opened widely, the
blue-stained herniated mass can become mobile and
sometimes spontaneously squeezed out downwardly. The
herniated mass was then removed as a single lump or
gradually, in piecemeal fashion, using the endoscopic
forceps and the side-firing laser (Fig. 1b). Once the dural
sac has been exposed, special care must be taken not to
directly irritate the dural surface with the surgical instru-
ments including the laser tip. In a final step, the anatomic
layers (e.g., epidural fat, dural sac, traversing root, posterior
longitudinal ligament, annular fissure, and remaining

Fig. 1 Intraoperative endoscop-
ic images. a The initial view.
The blue-stained hernia mass
and the tenacious annular fissure
are visualized. Note the side-
firing laser releasing the annular
anchorage. b After annular
release, the hernia mass can be
easily removed by the endo-
scopic forceps. c At the final
step, decompressed dural sac
and nerve root are confirmed.
Note the endoscopic anatomical
layers; epidural space, annular
layer, and intradiscal space

Table 2 Demographics of 45 patients with upper lumbar disc
herniations

Data No. of patients Percent

Sex

Male 33 73.3

Female 12 26.7

Age (year)

<30 3 6.7

31–40 8 17.8

41–50 6 13.3

51–60 10 22.2

>60 18 40

Duration of symptoms (months)

<3 16 35.6

3–6 4 8.9

6–12 6 13.3

>12 19 42.2

Chief complaint

Back pain dominant 5 11.1

Leg pain dominant 8 17.8

Leg & back pain 32 71.1

Sign

Motor weakness 9 20.0

Decreased reflex 11 24.4

Reverse Lasegue’s sign 13 28.9

Location of disc herniationa

Central 13 28.3

Posterolateral 26 56.5

Foraminal 7 15.2

Spinal level operated

L1–L2 9 20

L2–L3 35 77.8

L1–L2 & L2–L3 1 2.2

aN=46 disc levels

Endoscopic upper lumbar discectomy 201



normal nucleus) were confirmed (Fig. 1c). The patient was
asked if the pain had decreased or disappeared, and if no
complications occurred, the patient usually left the hospital
within 24 h.

Results

The 45 patients who met the inclusion criteria underwent
percutaneous endoscopic discectomy at 46 disc levels. One
patient underwent the procedure at both the L1–L2 and the
L2–L3 levels simultaneously, nine patients underwent the

procedure at the L1–L2 level, and 35 patients underwent
the procedure at the L2–L3 level. The mean follow-up
period of 33 men and 12 women was 38.8 months (range,
25–52 months). The anatomic zones of disc herniation were
central in 13, posterolateral in 26, and foraminal in 7. The
mean operation time was 61.5 min (range, 25–110 min).
Table 2 summarizes the clinical characteristics.

Based on the Prolo scale, the outcomes were excellent in
21 of 45 patients (46.7%), good in 14 patients (31.1%), fair
in six patients (13.3%), and poor in 4 patients (8.9%). The
combined rate of excellent or good outcome rate at the final
follow-up was 77.8%. The mean VAS for radicular pain

Variables Excellent group Non-excellent group p-value

Age <45 years 12 21 0.041b

Age ≥45 years 9 3

Male 18 15 0.077

Female 3 9

Symptom duration <6 mo 13 7 0.038b

Symptom duration ≥6 mo 8 17

Back pain dominant 4 13 0.252

Leg pain dominant 4 4

Leg pain and back pain 13 19

Motor weakness (+) 2 7 0.143

Motor weakness (−) 19 17

Reverse Lasegue’s sign (+) 6 7

Reverse Lasegue’s sign (−) 15 17 1.000

Operation timea (min) 62.9±27.8 60.4±19.0 0.782

Table 3 Clinical factors
affecting surgical outcome
(N=45 patients)

Fisher’s exact test
aMann–Whitney U test
(mean ± SD)
b Statistically significant value

Fig. 2 Illustrated case. a A 39-year-old male patient underwent PELD
for disc herniation at L2–3 (left). The extruded disc was selectively
removed and the dural sac was well decompressed on postoperative

MRI after 6 weeks (right). b There was no segmental instability on
postoperative flexion–extension lateral lumbar radiographs at the same
level after 2 years
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was 8.38±1.22, and after operation decreased to 2.36±1.65
(P<0.0001). The four patients with a poor outcome
subsequently had open surgery. Two patients underwent
open microdiscectomy immediately because of incomplete
decompression. One patient developed a recurrent hernia-
tion after 2-months free from symptoms and underwent
fusion surgery at another hospital. One patient who
developed a dural tear with motor weakness (ankle and
quadriceps muscle power grade 2) immediately after
percutaneous operation at the L2–L3 level underwent
emergency open laminotomy and dural repair. With oral
medication and extensive physical therapy, the patient’s
motor weakness improved with residual sequelae (grade 4
quadriceps weakness and sustained dysesthesia) after
2 years. There were no instances of postoperative infection
or hematoma. On the follow-up radiological studies, there
was no newly developed segmental instability (Fig. 2).
Three patients developed transient dysesthesia, which
improved within 3 months.

The age of the patient and the duration of symptoms
were found to be related to outcome (Table 3). Patients
younger than 45 years old tended to obtain better outcomes
than older patients (75% vs. 36.4%, P<0.05). An excellent
outcome was seen in 65% of patients with shorter symptom
durations (less than 6 months) but was less at 32%
(6 months or longer) (P<0.05). The other clinical features,
including gender, chief complaints, presence of motor
weakness, presence of reverse Lasegue’s sign, and opera-
tion time, were not associated with outcome after operation.
Regarding the results of the radiological analyses, the zone
of disc herniation was related to outcome (Table 4). We
classified the zone of disc herniation into three types:
central, posterolateral, and foraminal. An excellent outcome
occurred in patients with a posterolateral disc herniation
(61.5%), followed by foraminal (42.9%) and central

(15.4%) (P<0.05). Nineteen (57.6%) of the 33 patients of
the lateral herniation group (posterolateral and foraminal)
showed an excellent outcome as compared to only two
(15.4%) of the 13 patients with a central herniation (P<
0.05). The other radiological parameters, including the level
of surgery, disc containment, migration of the hernia,
degree of disc degeneration [31], degree of canal compro-
mise, herniation length, segmental lordosis, and sagittal
plane range of motion, had no significant relationship to the
outcome.

A multivariate logistic regression model was then
used to determine if the individual prognostic factors
were independently associated with an excellent out-
come. Age younger than 45 (OR=16.4, 95% CI 1.69–
166.83, P=0.018) and a lateral disc herniation (OR=12.7,
95% CI 1.24–130.35, P=0.032) were significantly related
to the outcome. After multivariate analysis, the shorter
symptom duration (OR=3.3, 95% CI 0.70–15.68, P=
0.132) was not associated with outcome because of a
strong association with a lateral disc herniation. Table 5
shows the calculated predictive probabilities for different
patient conditions, including the patient’s age and the zone of
the disc herniation.

Variables Excellent group Non-excellent group p-value

L1–L2 5 5 1.000

L2–L3 16 20

Lateral herniation 19 14 0.019b

Central herniation 2 11

Contained disc 4 5 1.000

Non-contained disc 17 20

Migrated herniation 3 10 0.099

Non-migrated herniation 18 15

Disc degeneration grade 2, 3 12 10 0.375

Disc degeneration grade 4, 5 9 15

Canal compromisea (%) 39.7±16.5 35.3±10.8 0.300

Herniation lengtha (%) 43.3±13.6 38.4±11.7 0.209

Segmental lordosisa (°) 2.6±5.0 2.8±4.6 0.887

Sagittal range of motiona (°) 5.1±3.7 7.7±5.9 0.082

Table 4 Radiological factors
affecting surgical outcome
(N=46 levels)

Fisher’s exact test
a Unpaired t-test (mean ± SD)
b Statistically significant value

Table 5 Predictive probability of excellent outcome

Younger
than 45year

Lateral disc
herniation

Predictive
probability (%)

+ + 92.7

+ − 39.6

− + 48.3

− − 4.6

Evaluated by Prolo scale
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Discussion

The incidence of herniation in the upper lumbar region in
most published surgical series is no more than 5% of all
lumbar disc herniations [3, 13, 25, 34]. In four reports, the
outcome of upper lumbar disc herniations is less favourable
than for lower lumbar disc herniation. The definite reason
remains unclear. However, it can be speculated that the
standard microdiscectomy through the interlaminar window
may cause neural damage and/or segmental instability. This
higher probability of inflicting neural damage during the
dural sac retraction or discectomy for upper lumbar level
disc herniation exists because it usually consists of a
smaller spinal canal and a larger dural sac, a compact
neural component and conus medullaris in the dural sac,
and consequently a smaller fluid barrier between the dura
and the neural tissues [13, 25, 26]. Moreover, the
propensity for segmental instability at the upper lumbar
level may be the consequence of a more excessive removal
of bony tissue including the facet joint, because of the short
distance between the two pars interarticularis, smaller
interlaminar space in all dimensions, and the inferior border
of the lamina usually overhangs the disc space to a greater
extent [25, 26, 29], requiring a wide laminectomy and
facetectomy to expose the disc space and to avoid neural
tissue retraction.

Percutaneous endoscopic surgery has benefits in upper
lumbar soft disc herniations. First, the extruded disc can be
removed without dural sac retraction. This posterolateral
approach can take a bypass course through the foraminal
window to reach the outer annulus, thus avoiding the dural
sac. In addition, the 30° endoscope can provide a large
enough visual field to include the extruded disc and neural
structures according to the surgeon’s need. Moreover, the
foraminal window for the transforaminal endoscopic ap-
proach is usually large enough in the upper lumbar level, and
therefore, an extruded soft disc can be exposed easily.
Foraminal stenosis interfering with the transforaminal
approach is relatively rare in the upper lumbar level [14, 22].

The good-to-excellent outcomes of endoscopic discec-
tomy reported in previous studies, in which most patients

had lower lumbar disc herniations, are usually reported to
be at least more than 78% [2, 7, 15, 18, 19, 38]. A success
rate of 77.8% at the L1–L2 and the L2–L3 levels may be
lower than those for lower lumbar levels. A study
comparing the outcome of upper lumbar and lower lumbar
disc herniation is currently underway at our institution. We
believe that the unique anatomical environment of the
upper lumbar level and its inherent technical difficulty may
be the main reason for failure. Therefore, for satisfactory
results, adequate patient selection and an anatomically
modified endoscopic technique for the upper lumbar level
are necessary.

This study showed some prognostic factors that related
to outcome after percutaneous endoscopic operation for
upper lumbar disc herniation. A younger age (less than
45 years) correlated with a higher likelihood of excellent
outcome on uni- and multivariate analysis. This finding
corresponds closely to the results of previous studies of
conventional lumbar discectomy [10, 33, 36]. The duration
of symptoms was another significant factor on univariate
analysis. Patients with shorter symptom durations (less than
6 months) had a better outcome. It is generally accepted
that shorter symptom duration relates to a favorable

Fig. 4 Schematic drawings demonstrating the transforaminal ap-
proach unique to upper lumbar disc. a For lower lumbar disc, the
standard approach angle is 25–30° and the annular window point
(closed circle) is on the medial pedicular line. b In contrast, for upper
lumbar disc, a steeper needle insertion angle (35–45°) is adequate disc
surface is more concave and has a more acute angle in the axial plane.
The annular window (closed circle) should be laterally targeted from
the mid-pedicular line to prevent dural injury

Fig. 3 Schematic drawings
demonstrating the importance of
annular release. The technical
highlight of transforaminal
endoscopic discectomy is to
release the tenacious annular
anchorage completely (a) and
then to remove the loose hernia
fragment in both the epidural
and the intradiscal space (b)
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outcome for percutaneous procedures [2, 16, 18]. This
might indicate that a recent soft herniation is easier to
remove via an endoscope. However, the results of the
multivariate analysis demonstrated that the association with
the duration of symptoms was because of its close
correlation with the zone of the disc herniation. A lateral
herniation, including the posterolateral and foraminal zone,
was independently associated with an excellent outcome.
As described above, the nervous structures in the upper
lumbar dural sac are more inherently vulnerable to
mechanical irritation than those of the lower lumbar area.
Therefore, manipulation with mechanical or thermal tools
to the midline zone could increase the risk of broad dural
sac irritation and neural damage. Moreover, regarding the
anatomical features of upper lumbar segment, the dural
convexity may be an obstacle in approaching the central
zone and may lead to an incomplete decompression. In
contrast, a laterally located hernia fragment might be safely
removed without substantial dural sac irritation. Moreover,
disc herniation involving the lateral zone could offer a more
definite localization or a target for decompression than
central herniation or diffuse disc bulging.

In addition to appropriate patient selection, technical
considerations are important in outcome. The technical
requirement for a successful discectomy is to release the
annular anchorage delicately and then to remove the loose
hernia fragment in both the epidural and the intradiscal
space [2, 38] (Fig. 3). Without an adequate annular release,
it would be difficult to mobilize or remove the tenacious
hernia mass because the instruments are relatively small
and weak compared with those used in open discectomy.
Consequently, surgeons can remove only a partial epidural
fragment (tip of the iceberg), passing over the hidden
fragment (base of the iceberg), which can cause residual
pain or reherniation after the procedure.

Many authors have focused on the importance of annular
release, regardless of the level of the disc [2, 20, 38]. On
the other hand, there are several key points specific to upper
lumbar disc herniation (Fig. 4). First, the approach angle of
the needle and working sheath for an upper lumbar disc
should be steeper than those used for a lower level disc.
Generally, a skin entry point 8 to 12 cm lateral from the
midline and a 25–30° insertion angle are recommended for
a standard posterolateral transforaminal discectomy. How-
ever, because the disc surface of the upper lumbar disc is
more concave and has a more acute angle in the axial plane,
a horizontal approach has a potential risk of dural sac
damage. A 35–45° insertion angle is recommended for the
upper lumbar level. Second, the annular puncture point
should be more laterally for the upper lumbar level. It has
been previously recommended that the needle be inserted as
medial as possible to remove the fragment easily [1, 27].
However, unlike the lower lumbar level, the neural foramen

is relatively large and the dural sac is readily exposed
through the foraminal window in the upper lumbar level.
Hence, a more lateral annular puncture is safer.

Finally, direct dural sac manipulation with forceps and a
laser beam must be avoided. As described earlier, the dural
sac of the upper lumbar segment is susceptible to mechanical
manipulation or thermal application owing to the low
buffering capacity. Thermal damage can cause prolonged
dysesthesia or neurologic deficits. Severe back pain or
prolonged painless muscle twitching can be a sign of dural
sac irritation caused by the surgical instruments or the laser.

Conclusion

Patient selection and an anatomically modified surgical
technique are important factors in a successful outcome
after transforaminal percutaneous endoscopic operation for
upper lumbar disc herniation. Younger patients and those
with a lateral disc herniation had better outcomes.
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