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Radiological Evaluation of Percutaneous Endoscopic
Lumbar Discectomy: A Three-Year Follow-Up Study’
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Purpose: We wanted to analyze the radiological changes of the patients who under-
went percutaneous endoscopic lumbar discectomy (PELD) for treating soft disc herni-
ation.

Materials and Methods: We retrospectively reviewed 30 patients (32 cases) who were
observed for a minimum of 3 years after they underwent PELD. The authors investi-
gated the postoperative radiological changes after PELD and the related clinical out-
comes. All the patients received plain X-rays, CT and MRI both preoperatively and at
the final follow-up. The radiological parameters were evaluated, including the disc
height, the disc signal intensity, the subchondral marrow signal intensity, the sagittal
plane instability and the facet joint osteoarthritis.

Results: The average amount of removed disc was 1.363 g and a significant correlation
was detected between the narrowing of disc height and the amount of removed disc.
Although the disc height and the disc height ratio were significantly decreased (—0.97
mm and 86.9%, respectively), the angle of sagittal rotation was well maintained. There
were 18 (56.3%) cases of disc signal changes, six cases (18.8%) of subchondral marrow
signal changes, and three cases (9.4%) of facet joint osteoarthritis. The success rate was
90.6%.

Conclusion: Although disc height narrowing was observed, there was no postopera-
tive instability and the overall clinical outcome was satisfactory. Our results show that
PELD is a useful and minimal invasive procedure for the selected patients who are
suffering with lumbar disc herniation.
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There are many surgical approaches for treating lum-
bar disc herniation. Many surgeons prefer to perform
the standard open discectomy, and favorable outcomes
for lumbar disc herniations have been reported (1—5);
however, some radiological studies have demonstrated
a loss of disc height after the operation. Narrowing of
the disc space changes the load transmission to the cor-
responding facet joints and this ultimately leads to post-
operative degenerative spondylotic changes and wors-
ening of the back pain (6—10).

Various types of minimally invasive spinal surgery
have recently been performed under local anesthesia to
accomplish direct removal of the pathological disc frag-
ments while preserving the healthy musculoskeletal
structures (11—13).

Percutaneous endoscopic lumbar discectomy (PELD)
is a new procedure that has been developed for the re-
moval of soft disc materials in selected cases (14—19).
According to recent reports, the clinical results of PELD
are comparable to those of traditional open microdiscec-
tomy (18—20). In 1997, Casey et al. reported on the post-
operative imaging changes in the external geometry of
the annulus and for the canal clearance after performing
arthroscopic microdiscectomy; they suggested that this
was convincing evidence showing the superiority of re-
trieving disc fragments via a posterolateral approach un-
der arthroscopic control (21). However, our current
study is rather different from their study in that we eval-
uated the radiological parameters including the disc

height, the disc signal intensity, the subchondral mar-
row signal intensity, the sagittal plane instability and the
facet joints’ osteoarthritis, and we also examined the
correlation of these factors to the clinical outcome.

Materials and Methods

Patient selection

Between January 2000 and December 2000, 369 pa-
tients underwent PELD at the Wooridul Spine Hospital.
The PELD indication criteria were as follows: 1) unilat-
eral radicular leg pain rather than back pain, 2) soft lum-
bar disc herniations that did not occupy more than 25%
of the spinal canal without any sequestered disc frag-
ment or spinal stenosis and no previous surgery, as was
confirmed by the findings on the computed tomograph-
ic (CT) scan and the magnetic resonance imaging (MRI)
3) the patients were without definite segmental instabili-
ty, and 4) the patients has been unsuccessfully treated
with conservative treatment for at least three months.
Although there were a total 369 patients that fulfilled
these requirements, only 30 patients were observed for
a minimum of 3 years and they had undergone postop-
erative CT and MRI.

We retrospectively reviewed these 30 patients (32 cas-
es, 24 males and 6 females with a mean age of 36.5
years, age range: 19 to 64 years). The average duration
of symptoms was 25.6 months. The levels of herniation
were L4-5 in 26 cases, L5-S1 in 3 cases, L3-4 in 2 cases
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Fig. 1. A. Radiographic measurement of the disc-height and the disc height ratio
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and L2-3 in 1 case. Two patients had herniation at two
levels: L4-5 and L5-S1. We used a modified MacNab
classification (22) to classify the herniation type: protru-
sion, subligamentous disc extrusion (torn annular fibers
and herniated fragments contained by the posterior lon-
gitudinal ligament), transligamentous disc herniation
(ruptured posterior longitudinal ligament), and seques-
tration. There were 7 cases classified as protrusion and
25 cases as subligamentous disc extrusion.

The clinical outcomes were evaluated using the modi-
fied MacNab’ s criteria (23).

Radiological evaluation

The radiological evaluation of these patients included
plain x-rays, CT and MRI, and these procedures were
done both preoperatively and at the final follow-up. The
MR imaging was performed on a 1.5T imager
(Magnetom Symphony Ultragradient system, Siemens,
Erlangen, Germany); these images including a sagittal
T1-weighted spin echo sequence (TR range/TE range:
550—750/12), a sagittal T2-weighted fast spin-echo se-
quence (TR range/TE range: 3500—4300/130—140/2),
and a fast low-angle shot (FLASH) axial sequence (TR
range/TE range: 49/25), with a flip angle of 30°. The sec-
tion thickness was 4 mm with a 3.2 mm gap, a matrix
size of 256x% 512 and a field of view (FOV) of 260 mm.

Alv

The CT examinations were performed on a Somatom
Plus Sensation 4 scanner (Siemens, Erlangen, Germany),
with a section thickness and interval of 2.5 mm, respec-
tively.

The radiological findings we evaluated included the
disc height, the disc signal intensity, the subchondral
marrow signal intensity, the range of motion and the
facet joints' osteoarthritis. The disc height and its ratio
were measured on the T2-weighted mid-sagittal image
according to the modified Mochida’ s method (Fig. 1A)
(24). The angle of sagittal plane rotation was measured
on the plain dynamic (flexion-extension) lateral radi-
ographs using the method of White and Panjabi (Fig. 1B)
(25). Disc degeneration was classified into five grades
with using the T2-weighted mid-sagittal images accord-
ing to the grading system proposed by Pearce et al
(Table 1, Fig. 2) (26). Degenerative changes in the sub-
chondral marrow were evaluated on both the T1- and
T2 weighted MRI scans with using Modic’ s criteria (27).
Type I changes were characterized by a decreased signal
on the T1W sequence and an increased signal on the
T2W sequence. Type II changes were characterized by
an increased signal relative to normal bone marrow on
the T1W sequence and a slight increased signal or isoin-
tensity on the T2W sequence. Type III changes were

characterized by a decreased signal on both the T1W

Fig. 2. 1- V, Grade of the disc degeneration on the T2- weighted mid-sagittal image.

Grade I: homogenous, hyperintense signal intensity. Grade II: hyperintense signal intensity with a horizontal gray band. Grade III:
inhomogenous, intermediate gray signal intensity. The distinction between the nucleus and annulus is unclear, and the disc height
is normal or there is a slightly decreased disc height. Grade IV: inhomogenous decreased signal intensity. The distinction between
the nucleus and annulus is lost, and the disc height shows a normal to moderate decrease. Grade V: inhomogenous, hypointense
black signal intensity and collapsed disc height.
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and T2W sequences. Facet joint osteoarthritis was divid-
ed into four grades via the MR images and the CT scans,
and according to the grading system proposed by
Fujiwara et al (28). Grade 1 indicated normal findings,
grade 2 indicated mild osteoarthritis (joint space narrow-
ing or mild osteophyte), grade 3 was moderate os-
teoarthritis (sclerosis or moderate osteophyte), and
grade 4 was severe (marked osteophyte) osteoarthritis.

We also investigated the correlation between the nar-
rowing of the disc height and the amount of disc re-
moved, and the correlation between the disc signal
changes and back pain.

Three radiologists who were' blinded” to the details
of the cases retrospectively reviewed the imaging stud-
ies. Changes in the disc height, the disc height ratio and
the range of motion were measured by computerized
digitization, and the mean of the three measurements
was then calculated. In addition, the disc signal intensi-
ty, the subchondral marrow signal intensity and the
facet joint arthritis were assessed with interpretations
determined by consensus of the radiologists. Statistical
analysis was performed using independent sample t-
tests, paired sample t-tests, chi-squared tests, Pearson
correlation coefficient and Fisher’ s exact tests. All P val-
ues less than 0.05 were determined to be statistically sig-
nificant.

Surgical technique

Three surgeons performed all the surgeries. PELD
was performed under local anesthesia with the patients
in the prone position. The patient was kept conscious

Table 1. Classification of the Disc Degeneration (Modified from
Pearce)

Distinction of = Signal Disc
Grade Structure Nucleusand Intensity Height
Annulus
Homogeneous, Clear Homogenous, Normal
bright white hyperintense
signal intensity
Inhomogeneous Clear Hyperintense ~ Normal
with horizontal signal intensity
bands with horizontal
gray band
Inhomogeneous, Unclear Inhomogenous, Normal
gray intermediate  toslightly
gray signal decreased
intensity
Inhomogeneous, Lost Intermediate ~ Moderately
gray to black to hypointense ~ decreased
Inhomogeneous, Lost Hypointense ~ Collapsed
black disc

during the procedure to allow monitoring of any
changes in the signs and symptoms. A spinal needle was
then inserted into the disc space and the intraoperative
discography was performed using a contrast mixture of
6ml of telebrix and 1ml of indigo carmine. The goal of
the intraoperative discogram was to stain the herniated
disc and to provoke the patient’ s symptom. A guidewire
was inserted through the needle channel into the annu-
lus and a small skin incision was then made. The follow-
ing step was sequential dilatation with a 1-mm dilator
and a 2-mm dilator, and the final 5-mm working cannu-
la was then inserted. The herniated disc fragment was
removed by using microforceps under the direct endo-
scopic view. A Holmium yttrium-aluminum-garnet (Ho:
YAG) laser was used to ablate and shrink the herniated
disc, and the procedure was finally completed with per-
forming an endoscopic examination. The patient was di-
rectly asked whether the pain had decreased or disap-
peared after the removal of the disc material and decom-
pression of the nerve root.

Results

Radiological Findings
1. Changes in the disc height and the disc height ratio:
The mean preoperative disc height at the L4-5 level was

Table 2. Disc-height Ratio and Disc Height

Average of Average of Average of
Levels  Preoperative Disc Height at Disc Height p-value
Disc Height ~ Final Follow- Ratio (%)
(mum) up (mm)
L2-3 9.90 9.90 100.00
L3-4 12.40 11.30 90.55 0.05
L4-5 10.90 10.52 89.67 0.00
L5-S1  10.00 7.98 83.11 0.07
Overall  10.90 9.93 86.90 0.00

Table 3. The Narrowing of Disc Height and the Disc-height Ratio
According to Age

Age (yr)
20 30 40 50 60
(n=10) (n=6) (n=9) (n=4) (n=3)
90.83 88.11 88.82 93.70 85.79

Average of disc height
ratio (%)
Average of preoperative 11.13 10.83 10.62 10.26 12.63
disc height (mm)

Average of postoperative  9.66  9.55 9.41 9.51 10.99
disc height (mm)

Average of disc height 144 128 121 0.75 1.64
loss (mm)
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10.90 mm, but this was reduced to 10.52 mm at the final
follow-up assessment (—0.38 mm; p < 0.01). Overall,
the mean preoperative disc height was decreased from
10.90 to 9.93 mm (—0.97 mm) at the final follow up ex-
amination; this was statistically significant (p < 0.01).
The mean disc height ratio at the L3-4, L4-5 and L5-S1
levels were 90.6, 89.7 and 83.1%, respectively (Table 2).
The average amount of disc that was removed was
1.363 g and significant correlation was detected be-
tween narrowing of the disc height and the amount of
removed disc (p <0.01). However, there was no statisti-
cally significant correlation between the disc degenera-
tion and the narrowing of the disc height or its ratio in
the different age groups (Table 3).

2. Changes of disc signal intensity: Changes of the disc
signal intensity were observed in 18 cases (56.3%): 9 cas-
es (28.1%) changed from grade II to III, 2 cases (6.3%)
changed from grade II to IV, and 7 cases (21.9%)
changed from grade III to II (Fig. 3). The remaining 14

Table 4. Sagittal Instability (sagittal plane rotation)

Average of Average of
Level CaseNo. Preoperative  Postoperative p-value
Sagittal Sagittal
Instability Instability
L2-3 1 12.12 9.07
L3-4 2 13.03 12.81 0.855
L4-5 26 12.26 12.51 0.760
L5-S1 3 22.18 20.22 0.554
Total 32 13.23 13.14 0.896

cases were grade III, and no change of the signal intensi-
ty was observed. We then investigated the correlation
between the disc signal changes and back pain. Two pa-
tients with disc signal decreases had worsened back
pain, but the remaining 16 cases were improved. There
was no statistically significant correlation between the
disc signal changes and back pain.

3. Changes in the subchondral marrow signal intensi-
ty: Six cases (18.8%) showed change of the subchondral
marrow signal: normal to Modic type II changes were
seen at the L4-5 level in 5 cases (Fig. 4) and normal to
Modic type I change was seen at the L5-S1 level in one
case.

4. Changes in range of motion (ROM): The mean pre-
operative ROM was increased from 12.26° to 12.51°
(+0.25°) at the L4-5 level at the final follow-up examina-
tion, while those at the other levels were decreased.
Overall, the mean ROM was decreased from 13.23° to
13.14°, but this result was so small as to be statistically
insignificant. At the final follow-up examination, none
of the patients had developed instability. The radiologi-
cal changes are summarized in Table 4.

5. Osteoarthritic changes in the facet joints: There
were 3 cases (9.4%) showing facet joint changes at the
L4-5 level: grade II to III change was noted in 2 cases
(6.3%) (Fig. 5) and grade III to IV change was noted in 1
case (3.1%). All three cases had worsened by one grade
compared to before the surgery.

Fig. 3. A 57-year-old male patient who
underwent PELD with a left central
. disc extrusion at the L4-5 disc level. A,
| the mid-sagittal T2-weighted (3600/
132) MR images obtained before
surgery. B, the mid-sagittal T2-weight-
ed (3600/132) MR images obtained at
the final follow-up. The 38 month-post-
operative MRI demonstrates hyperin-
tensity (grade II) at the L4-5 disc level,
whereas hypointensity (grade III) was
observed at this level before surgery.
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Clinical outcomes

According to the modified MacNab criteria, 24 cases
(75.0%) had excellent results, 5 cases (15.6%) had good
results, 2 cases 6.3%) had fair results, and 1 case (3.1%)
a poor result. The success rate (an excellent or good re-
sult) was 90.6%. The mean operation time and postoper-
ative hospital stay were 40.5 min (range: 20—75 min)
and 14.7 hours (range: 1—49.3 hours), respectively.

Discussion

PELD is now being performed with increasing fre-
quency in the advanced countries, yet open microdis-
cectomy is still the preferred surgical technique for
treating a herniated lumbar disc by the majority of sur-
geons. Several studies have demonstrated comparable
clinical outcomes for this minimally invasive procedure
to those of open microdiscectomy (18—20, 29).

Fig. 4. A 36-year-old male patient who
underwent a PELD with right central
disc extrusion at the L4-5 disc level.

A, B. The preoperative mid-sagittal T1-
weighted (587/12) image and the T2-
weighted (3700/132) MR images show
normal subchondral marrow of the L5
vertebral body.

C, D. The post operative mid-sagittal
T1-weighted (717/12) and T2-weighted
(4304/132) MR images taken at 40
months reveal the increased signal in-
tensity of the subchondral marrow
change, Modic type II, involving the
L5 vertebral body.
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However, the range of indications for performing PELD
is not as wide as that for conventional open microdiscec-
tomy. Casey et al have reported that performing imag-
ing studies after arthroscopic microdiscectomy could
document achieving effective fragmentectomy for a cen-
tral or paramedical subligamentous disc herniation (21).
However, that study was not designed to correlate the
clinical outcome with the postoperative imaging
changes. Hence, there haven’t been any previous re-
ports on the correlation between the radiological
changes after PELD and the postoperative clinical out-
comes. For these reasons, any objective evaluation of
PELD has not previously been done and therefore, there
is still much controversy about this procedure.

In this study, the authors investigated the postopera-
tive radiological images that were taken after PELD and
the related clinical outcome. Overall, the average disc
height ratio in our study was 86.9% at a minimum of
three years follow-up. Before conducting this study, the
authors expected that the overall disc height change af-
ter PELD would be only minimal, yet the results
showed that the disc height change after the procedure
was relatively higher than we expected. There were
close correlations between the total amount of removed
disc material and the change in disc height, and so our
results could be explained by the substantial amount of
disc removed under PELD. In 2001, Yorimitsu et al re-
ported a 78.8% change of the average disc height ratio at
a minimum 10-year follow-up with performing standard
discectomy (9). The disc height ratio noted in our study
was a little higher than that of Yorimitsu’ s study.

There were 11 cases (34.4%) that showed decreased
signal intensity. The findings of accelerated disc degen-
eration after a discectomy can be explained as over

Fig. 5. A 38-year-old female patient
with right central disc protrusion at
the L4-5 disc level, and this patient un-
derwent PELD two months after the
initial surgery. A, axial CT scan images
of the facet joint obtained before
surgery. The CT scan taken 38 months
postoperatively shows the facet joint
has changed from grade II (A) to III
(B).

time, the intradiscal tissue damage and volume loss can
stimulate a degenerative process. However, the cause of
the increased disc signal after laser discectomy was un-
certain in seven cases (21.9%). Turgut et al. have report-
ed on the postoperative disc signal changes after laser
discectomy in their experimental studies. In their study,
the intradiscal tissue was vaporized during the early pe-
riod, but this tissue was replaced by cartilaginous cells
and fibrous tissue at 60 days after laser irradiation. The
MR imaging index histogram moved to the left in the
early period, but it moved back to the right 60 days after
laser irradiation (30, 31). This process was probably re-
lated to the regeneration process in the form of fibrous
tissue proliferation on the intervertebral disc. Despite
the small size of the study group in our study, we can
postulate that the postoperative increase in the disc sig-
nal could have been caused by thermal modulation or
reorganization after laser discectomy; however, these
changes had no clinical affect.

In our study, six patients (18.8%) showed subchondral
marrow signal change, but this feature was unrelated to
the clinical outcome. It is known that the increased axial
loading to the end plate after disc degeneration and after
injury of the end plate due to the heat energy of the laser
or because the photoacoustic mechanism for bone dam-
age after laser surgery would cause subchondral mar-
row changes. Cvitanic et al. have reported subchondral
marrow abnormalities in 41 cases (37.6%) of 109 laser
discectomies, but these changes probably did not affect
the surgical outcomes (32). They also reported that
eleven patients with subchondral marrow abnormalities
returned to a normal signal intensity 5—7 years after the
laser discectomy, with eight of these patients showing
improvements in their lower back pain. The Modic
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changes reported in the literature after a partial discecto-
my have varied from 6% to 31%, and these changes had
no relation to the clinical outcome (33—35).

Yorimitsu, et al. reviewed 131 patients who had been
observed for a minimum of 10 years after undergoing a
standard discectomy. They reported that three patients
developed postoperative disc instability at the level of
the discectomy. However, the unstable discs in five pa-
tients spontaneously stabilized after surgery due to pro-
gression of the degeneration (9). In our study, there was
no postoperative segmental instability or spontaneous
fusion, and the change in the overall ROM was minimal
(13.23° to 13.14°). This result indicated that PELD was
able to preserve the segmental spinal stability relatively
well.

Three cases showed facet joint change. Osteoarthritic
changes of the bilateral facet joints were always ob-
served and this was regardless of the side of the opera-
tion. The authors assumed the cause of this facet joints
osteoarthritis was not due to direct injury to the facet
joint, but rather, it was due to secondary narrowing of
the postoperative disc height. Unlike what has been ob-
served with performing open discectomy, there was no
direct damage to the facet joint from performing PELD.

Although the indications for the clinical application of
PELD remain limited, our success rate was favorable
(90.6%) according to MacNab' s criteria (23). There were
two cases with fair outcomes; one could be interpreted
as resulting from the herniated nucleus not being com-
pletely removed at the L4-5 level, as well as that a new
disc herniation was observed at the L5-S1 level. In the
other case, however, the herniated disc was completely
removed, but the cause of the less-than-successful out-
come was not established from the radiological exami-
nation. The one patient with a poor result subsequently
underwent open microdiscectomy because only incom-
plete decompression was achieved with PELD.

There have been a few radiological studies conducted
after open discectomies that have been reported in the
literature (6, 9). To the best of our knowledge, there
have not been any previous studies on the correlation
between the radiological changes after PELD and the
postoperative clinical outcomes. According to our re-
sults, the clinical outcome of PELD was satisfactory, de-
spite that there were some radiological changes.
However, this study’ s weakness was the small size of
the study group, and no comparison was done with the
postoperative changes after the open discectomy. Thus,
further studies will be needed to compare the radiologi-

cal changes after PELD with that of open discectomy.

In conclusion, the authors compared the preoperative
and postoperative radiologic findings of the patients
who underwent PELD. According to the radiologic fea-
tures, there was definite disc height narrowing and
some subchondral marrow changes were also observed.
However, there were only small changes of the facet
joints and no postoperative lumbar instability was ob-
served. Therefore, the authors suggest that PELD is a
useful and less invasive procedure than is open mi-
crodiscectomy for the selected patients suffering with
lumbar disc herniation.
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