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Objective : The purpose of this study was to compare clinical and radiological outcomes of percutaneous endoscopic lumbar discectomy (PELD)
and open lumbar microdiscectomy (OLIM) for recurrent disc herniation.

Methods : Fifty-four patients, who underwent surgery, either PELD (25 patients) or repeated OLM (29 patients), due to recurrent disc herniation
at L4-5 level, were divided into two groups according to the surgical methods. Excluded were patients with sequestrated disc, calcified disc,
severe neurological deficit, or instability. Clinical outcomes were assessed using Visual Analogue Scale (VAS) score and Oswestry Disability
Index (ODI). Radiological variables were assessed using plain radiography and/or magnetic resonance imaging.

Results : Mean operating time and hospital stay were significantly shorter in PELD group (45.8 minutes and 0.9 day, respectively) than OLM
group (73.8 minutes and 3.8 days, respectively) (p < 0.001). Complications occurred in 4% in PELD group and 10.3% in OLM group in the
perioperative period. At a mean follow-up duration of 34.2 months, the mean improvements of back pain, leg pain, and functional improvement
were 4.0, 5.5, and 40.9% for PELD group and 2.3, 5.1, and 45.0% for OLM group, respectively. Second recurrence occurred in 4% after PELD and
10.3% after OLM. Disc height did not change after PELD, but significantly decreased after OLM (p = 0.0001). Neither sagittal rotation angle nor
volume of multifidus muscle changed significantly in both groups.

Conclusion : Both PELD and repeated OLM showed favorable outcomes for recurrent disc herniation, but PELD had advantages in terms of

shorter operating time, hospital stay, and disc height preservation.
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INTRODUCTION

Recurrent disc herniation, considered as the major cause
of surgical failure after open lumbar microdiscectomy

(OLM), has been reported in 5-18% of patients after the

procedure*”!>339

. Repeated OLM is the most commonly
recommended surgical option for recurrent lumbar disc
herniation, when not accompanied by definite radiological
instability®'****%. Though repeated OLM shows com-
parable results to those of primary OLM, major concerns
are approach-related complications due to scar tissue and

segmental instability by further damages to vertebral
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motion segment including facet joint®”**

). Considering
minimally invasive spinal surgery, microendoscopic discec-
tomy seems to face similar problems with repeated OLM
for recurrent disc herniation, since via posterior approach,
surgeons are always interfered by scar tissue to reach recur-
rent disc fragment despite the advantage of operating on
virgin paraspinal muscle'*'"”*”.

Given that posterolateral transforaminal approach through
unscarred tissue can prevent nerve injury and can prevent
further damages to the posterior spinal and paraspinal
structure”, percutaneous endoscopic lumbar discectomy
(PELD) has advantages especially for recurrent disc her-
niation. Though PELD showed favorable outcomes for
lumbar disc herniation including recurrent disc hernia-
tion"'>13182239 " grudies comparing surgical outcomes of
PELD with repeated OLM for recurrent disc herniation
have been rare. In the present study, we compared clinical

and radiological outcomes of PELD and repeated OLM for
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recurrent disc herniation.

MATERIALS AND METHODS

Patient population

Fifty-four patients, who underwent surgical discectomy
between December 2004 and May 2006, due to recurrent
disc herniation after primary OLM at L4-5 level, were
retrospectively selected. There were 38 men and 16 women
and mean age of the patients was 45 years (range 26-67
years). The mean follow-up period was 34.2 months (range
25-41 months). Inclusion criteria were as follows: 1) a
previous episode of OLM at L4-5 level resulting from
lumbar disc herniation, 2) recurrent radicular pain after a
pain-free interval longer than 4 weeks, 3) recurrent disc
herniation at the same level and the same side, verified by
radiological studies, [i.., the presence of abnormal epidural
tissue that did not enhance after contrast injection, as well
as epidural fibrosis showing enhancement with gadolinium
on T1-weighted magnetic resonance imaging (MRI)], and
4) failure of extensive conservative treatment for more than
6 weeks”. Excluded were patients with sequestrated disc,
calcified disc, severe neurological deficit, and/or instability.
The patients were divided into two groups according to the
surgical methods. Group I included patients who underwent
PELD for recurrent disc herniation and Group II included
patients who underwent repeated OLM for recurrent disc
herniation. Seven spine surgeons were involved in the
present study and the selection of surgical method was
mainly up to each surgeon’s preference and familiarity. Four
of seven surgeons performed PELD for recurrent disc her-
niation and all the four surgeons had a clinical experience
of PELD more than 50 cases before the beginning of the
present study. Three surgeons performed repeated OLM
for recurrent disc herniation.

Clinical evaluation

Before and after surgery, pain was measured by the 10-
point Visual Analogue Scale (VAS) scoring (0-10) and
function was assessed by the Oswestry Disability Index
(ODI]) in percent (0-100%)”. Complications were catego-
rized using the classification scheme described by Carreon
et al.?, dividing them into major and minor complications.
Major complications were considered to have caused a
negative effect on a patient’s recovery, whereas minor com-
plications were not considered to have affected recovery
significantly. Pre- and postoperative data were assessed
using clinical charts and operative reports. All patients
visited the outpatient department in June 2008 and a trained
nurse collected follow-up clinical data.

Radiological evaluation

The follow-up plain radiographs of standing lateral and
flexion-extension lateral view were performed in all 54
patients at 1, 6, and 12 months after surgery to assess spinal
stability. Plain radiographs and MRI were performed in 51
patients (23 in Group I and 28 in Group II) in June 2008
to assess disc height, sagittal rotation angle (SRA), and
volume of multifidus muscle at the diseased side.

Radiographic criteria for instability were as follows; 1)
sagittal plane displacement greater than 4.5 mm or 15 per-
cent of the anteroposterior diameter of the vertebral body
on standing lateral radiography, 2) relative sagittal angulation
greater than 22 degrees on standing lateral radiography, 3)
sagittal plane translation greater than 4.5 mm or 15 percent
of the anteroposterior diameter of the vertebral body on
dynamic radiography, or 4) sagittal plane rotation greater
than 20 degrees on dynamic radiography'”. The disc height
was measured on the plain standing lateral radiography
according to modified Mochidas method***. Disc height
was calculated by the following equation : (disc height/ver-
tebral height) x 100. Sagittal rotation angle was measured
on the flexion-extension lateral radiographs. Volume of
multifidus muscle at the diseased side was measured on T2-
weighted axial MRI. The MRI scans were performed using
Magnetom Symphony Ultragradient 1.5 tesla MRI system
(Siemens, Erlangen, Germany) with a slice thickness of 4
mm. Axial T2-weighted images were obtained under the
following scan setting; repetition time (TR) 3,700 msec and
echo dme (TE) 120 msec. Axial scans were aligned parallel
to the vertebral end-plate. The MRI scan measurements
were taken using a software PiView system (Infinitt Co.,
Ltd., Seoul, Korea). After enlarging the axial slice of the
lumbar spine, the cursor identified the area of the multifidus
muscle, which the software calculated automatically (Fig, 1).

Statistical analysis

Statistical analyses were performed using SPSS statistic
software (Version 14.0K). Paired sample t-test and Wilcoxon
signed rank test were used to compare the differences of
pre- and postoperative parameters on clinical and radiolo-
gical outcomes in each group. Then independent t-test,
Mann-Whitney U test, Chi-square test, and Fisher’s exact
test were used to compare the differences of clinical and
radiological outcomes between the two groups. A p value of
less than 0.05 was considered significant.

Surgical techniques
In both groups, all operations followed a standard pattern
suggested by the senior author (Fig. 2). In PELD group,

the procedure was performed under local anesthesia in the
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Fig. 1. The volume of multifidus muscle was measured on axial T2-weighted
magnetic resonance imaging scan using a software system. After enlarging
the axial slice of the lumbar spine, the cursor identified the area of the
multifidus muscle, which the software calculated automatically.

Fig. 2. Schematic drawing showing percutaneous endoscopic lumbar
discectomy (left) and repeated open lumbar microdiscectomy (right) for
recurrent disc herniation.

prone position on a radiolucent table in all patients. Before
beginning of the treatment, patients were informed with all
steps of the procedure. Patients communicated with the
surgeon during the entire procedure. The skin entry point
was usually about 10-12 cm from the midline. After infil-
tration of the entry point with local anesthetics, an 18-
gauge spinal needle was introduced under the guidance of a
fluoroscopic image. The final target point of the spinal
needle was the medial pedicular line on the anteroposterior
image and the posterior vertebral line on the lateral image.
Then an epidurogram was performed using contrast media
to confirm the location of the exiting root and the travers-
ing root. After insertion of the spinal needle into the disc,
the nucleus pulposus was stained blue with 1 mL of indigo
carmine. The next steps were as follows : 1) a guide wire was
inserted through the spinal needle, 2) the spinal needle was
removed, 3) a small skin incision was made at the entry
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Fig. 3. Upper : Intraoperative fluoroscopic images taken after insertion of
endoscopic cannula. Middle : Recurrent disc hemiation was removed with
forceps under endoscopic view. Lower : Endoscopic view taken after
successful removal of recurrent disc hemiation.

site, 4) a tapered cannulated obturator was inserted along
the guide wire, 5) after touching the annulus, the obturator
was inserted into the disc with hammering, and 6) finally, a
bevel-ended, oval-shaped working cannula was inserted
into the disc along the obturator and then the obturator
was removed. Then an endoscope was inserted through the
cannula. The blue-stained disc was removed using small
forceps and a side firing Holmium yttrium-aluminum-
garnet (Ho : YAG) laser using the ‘in and out’ technique-
working from the central portion to the lateral portion of
the disc space on the anteroposterior image. Targeted frag-
mentectomy was performed in all cases. After herniated frag-
ment was all removed, the endoscope was removed, and a
sterile dressing was applied with a 1-point suture (Fig. 3)'*"”.
In OLM group, the procedure was performed under
general anesthesia in the prone position on a radiolucent
Wilson frame and Jackson table in all patients. After a 2-3
cm skin incision was made, paravertebral muscles were
dissected. The operating field was exposed using Casper
speculum (Aesculap). Under microscopic view, scar was
removed from the lamina with curettes to clearly identify
the previous laminotomy edges, with great care not to
violate the dura mater. In all cases, a high-speed drill was
used to thin the medial facet lateral to the previous lamino-

517



J Korean Neurosurg Soc 46 | December 2009

tomy, and then a few millimeters of new bone were removed.
After clear delineation of nerve root, discectomy was per-
formed with careful retraction of nerve root. After thorough
decompression of nerve root was achieved, closure was
performed in a conventional way*’.

RESULTS

Group I (PELD) included 25 patients and Group II (re-
peated OLM) included 29 patients. There was no significant
intergroup difference in sex ratio (male : female, 16 : 9 in
Group I and 22 : 7 in Group II, p = 0.38), mean age at the
time of operation (42.0 + 11.4 in Group I and 47.7 + 12.2
in Group 11, p = 0.08), and mean follow-up periods (34.0 +
4.4 in Group I and 34.3 £ 4.6 in Group I1, p = 0.76).

Clinical outcomes

Mean operating time was significantly shorter in Group I
(45.8 = 11.1 minutes) compared with Group II (73.8 £ 25.7
minutes) (p < 0.001). Mean hospital stay was significantly
shorter in Group I (0.9 + 0.5 days) compared with Group
IT (3.8 + 1.4 days) (p < 0.001). Complications occurred in
one patient (4%) in Group I and three patients (10.3%) in
Group II during the perioperative

The mean VAS score for leg pain was 8.6 + 1.7 before
surgery and improved to 3.5 # 3.1 after surgery (p < 0.001).
The mean ODI score was 63.1  22.3% before surgery and
improved to 18.2 + 15.4% after surgery (p < 0.001). Mean
improvements of VAS score for back pain, leg pain, and
ODI scores (i.e., the differences in scores between preopera-
tive and last follow-up) were 4.0 + 3.2, 5.5 + 3.0, 40.9
25.5% respectively in Group I, and 2.3 + 4.4, 5.1 + 3.2,45.0
+ 26.1% respectively in Group II. There was no significant
intergroup difference in improvement of VAS and ODI
scores (Table 1). Second recurrence occurred in one patient
(4%) in Group I and three patients (10.3%) in Group II (p
= 0.61). One patient in each group underwent instrumented
mini-open TLIF for second recurrence. Two other patients
in Group II with second recurrence were managed with
conservative treatment.

Radiological outcomes

At the last follow-up, no patient in Group I showed insta-
bility on plain standing and dynamic plain radiograph.
One patient (3.6%) in Group II showed newly developed
instability (sagittal plane translation 6 mm) at the index
level on dynamic plain radiographs. In Group I, mean disc

Table 1. Summary of clinical outcomes who underwent PELD (Group 1) and OLM (Group II)*

period (p = 0.61). One patient in

o Group )

Group I complaint of persistent leg ~ Vridole | i pvulue
pain after PELD due to residual disc ™~ Opercting fime (minutes) 458 =111 738257 <0001
fragment and underwent subsequent  Hospitul stuy (day) 09+05 38+14 <0.001
OLM one week thereafter. Dural tear ~ Complicutions (%) 4 103 0.61
occurred in two patients in Group II, Improvement in VAS (buck puin) 40£32 2344 0.11
which was successfully managed with Improvement in VAS (ley fouin) 5530 5132 040
primary suture. Major complication  Mbrovementin ODI (% 409255 45026, 055

Second recurrence (%) 4 10.3 0.61

occurred in one patient in Group II;

the padent complaint of voiding diffi-
culty and dysesthesia on perineal area
immediately after surgery, which were
persistent at the final follow-up.

In Group I, the mean VAS score for
back pain was 7.0 £ 2.8 before surgery
and improved to 2.9 + 2.4 after sur-
gery (p < 0.001). The mean VAS score
for leg pain was 8.4 * 1.7 before sur-
gery and improved to 2.9 * 2.5 after
surgery (p < 0.001). The mean ODI
score was 61.6 £ 22.1% before surgery
and improved to 20.7 = 15.9% after

*Meun values ure presented * stundurd deviutions. ODI : Oswestry Disubility Index, OLM : opehn lumbar
microdiscectomy, PELD : percutuneous endoscopic lumbur discectomy, VAS : visudl undlogue scule

)

surgery (p < 0.001). In Group II, the
mean VAS score for back pain was 5.4
+ 3.7 before surgery and improved to
3.1 £ 2.5 after surgery (p = 0.009).
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Fig. 4. A : A plain radiograph taken 31 months after repeated open lumbar microdiscectomy for recurrent
disc herniation at L4-5 level showing decrease of disc height at L4-5 level (left : preoperation, right :
postoperation). B : A plain radiograph taken 34 months after percutaneous endoscopic lumbar
discectomy for recurrent disc hemiation at L4-5 level showing preserved disc height at L4-5 level (left :
preoperation, right : postoperation).




height was 34.2 + 6.7% before sur-
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Table 2. Summary of radiological outcomes who underwent PELD (Group 1) and OLM (Group II)*

gery and decreased to 31.8 + 8.5%

after surgery, which was not statisti-
cally significant (p = 0.057). The mean
SRA was 9.0 £ 6.1° before surgery
and changed to 9.5 + 5.4° after surgery
(p = 0.70). The mean volume of mult-
fidus muscle at diseased side was 712.7
+ 246.6 mm’ before surgery and 716.9
+ 2549 mm’ after surgery (p = 0.60).
In Group II, the mean disc height was

Varidble fpreop final follow-up P vdlue
Group | (23 cuses)
Instability (%) 0
Disc height (%) 34267 31.8+£85 0.057
Sagittal rotation angle (°) 9.06.1 95+54 0.70
Volume of multifidus (mm?2) 712.7 £246.6 7169 £2549 0.60
Group Il (28 cuses)
Instability (%) 3.6
Disc height (%) 354+89 31.6+8.1 0.0001
Sagittal rotation angle (°) 82+45 99+38 0.10
Volume of multifidus (mm?2) 729.7 £200.7 7050+ 1894 0.15

35.4 £ 8.9% before surgery and signi-
ficantly decreased to 31.6 + 8.1% after
surgery (p = 0.0001) (Fig. 4). The mean SRA was 8.2 + 4.5°
before surgery and changed to 9.9 + 3.8° after surgery (p =
0.10). The mean volume of multifidus muscle at diseased side
was 729.7 + 200.7 mm” before surgery and 705.0 + 189.4
mm?” after surgery (p = 0.15) (Table 2). Therefore, among
the radiological variables, disc height at index level showed
significant intergroup difference. The intraobserver reliability
concerning radiological measurement was 0.95.

DISCUSSION

As a form of minimally invasive surgery, PELD has several
advantages over conventional OLM; it is usually performed
under local anesthesia, normal paraspinal structures are
preserved during the procedure, and the postoperative pain
is quite minimal which usually enables early discharge'.
For recurrent disc herniation after primary OLM, it would
be theoretically an advantage not going through the old
scar tissue and not requiring general anesthesia'”. Ahn et al.”
reported a retrospective study of 43 consecutive patients
who underwent PELD for recurrent disc herniation. At a
mean follow-up duration of 31 months, the mean VAS
score significantly decreased and 81.4% of the patients
showed excellent or good outcomes based on Macnab

' performed a prospective cohort

criteria. Hoogland et al.
evaluation of 262 consecutive patients who underwent
PELD for recurrent disc herniation. At 2-year follow-up,
both back pain and leg pain significanty improved, and
85.71% of the padents rated the result of surgery as excellent
or good. In the present study, clinical outcomes of PELD
were compared with those of repeated OLM. PELD yielded
comparable outcomes to repeated OLM in terms of impro-
vement in back pain, leg pain, and functional status. Repeated
muscle dissection and further removal of posterior structures,
such as lamina, and medial facet joint, during repeated
OLM have been suggested to increase the risk of postopera-

tive back pain"**?. The prevalence of facet joint mediated

*Meun vulues ure presented * stundurd deviutions. OLM : opeh lumbur microdiscectomy, PELD :
percutuneous endoscopic lumbur discectomy

chronic low back pain was reported even 32% in postsurgical
group who underwent lumbar laminectomy™. Theoreti-
cally, PELD was supposed to be superior in terms of posto-
perative back pain, because normal paraspinal structures are
preserved during the procedure. However, in the present
study, there was no significant difference in improvement
of back pain after surgery between the two groups. To
determine the inter-group difference between PELD and
OLM on postoperative back pain, further long-term follow-
up studies are mandatory. As with PELD for primary
lumbar disc herniation®”, PELD for recurrent disc herniation
also had advantages over repeated OLM in that it was
performed under local anesthesia in all patients and required
significantly shorter operating time and hospital stay.

The major concern for repeated OLM for recurrent disc
herniation was approach related complications. Scar tissue
usually makes repeated OLM more difficult, and increases
the risk of dural tear and/or nerve root injury"*”?*>. The
incidence of dural tear during repeated OLM was reported
up to 20% of the patients™*
disc surgery was suggested being associated with long-term

. Dural tear during lumbar

clinical sequelae and poorer clinical outcomes™. Considering
PELD for recurrent disc herniation, Ahn et al.” reported
no case of dural tear of 43 consecutive patients and Hoog-
land et al."” also reported no definite dural leakage after
surgery of 262 consecutive patients. In the present study,
dural tear occurred in two patents (6.9%) in repeated OLM
group, whereas there was no dural tear in PELD group.
Nerve root injury during repeated OLM sometimes results
in long-term clinical sequelae and poor clinical outcome.
According to the report by Choi et al.”, permanent foot
drop developed in one (2.9%) of 35 patients after repeated
OLM. Considering PELD for recurrent disc herniation,
Ahn et al.” reported one patient (2.3%) with transient
dysesthesia and Hoogland et al."” reported three patients
(1.1%) with nerve root irritation. However, there was no
patient with permanent nerve root injury in both series. In
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the present study, persistent voiding disturbance along with
dysesthesia developed after surgery in one patient (3.4%) in
repeated OLM group, whereas there was no case of nerve
root injury in PELD group.

Though there have been numerous reports on recurrent
disc herniation after OLM”%!%3%3%
concerns about the second recurrence after repeated OLM
for recurrent disc herniation. Considering PELD, Hoogland
et al."” reported 11 cases (4.62%) of second recurrence after

, few authors stated

PELD for recurrent disc herniation. In the present study,
second recurrence rate was 10.3% in repeated OLM group
and 4% in PELD group and the difference was statistically
not significant. In those patients, spinal arthrodesis (instru-
mented mini-open TLIF) was a preferred surgical treatment
when not responding to conservative treatment.

In terms of postoperative spinal stability, discectomy via
transforaminal route has advantages over that via posterior
route, since via transforaminal appraoch, discectomy can be
performed while preserving paravertebral and posterior
spinal structures such as, lamina, facet, ligaments and
muscles, as mentioned above". According to the compara-
tive study using cadavers by Osman et al.*®, after trans-
foraminal decompression, there was no flexibility change,
and minimal anatomic damage to the spine was noted.
However, significant increase in extension and axial rotation
flexibility were noted after the posterior decompression. In
the present study, one patient (3.4%) showed newly devel-
oped instability (sagittal plane translation 6 mm on dynamic
radiography) after repeated OLM, whereas no patients
showed instability after PELD at the final follow-up. How-
ever, the mean SRA did not change significantly after
surgery in both groups. In the present study, the mean disc
height did not change significantly after PELD, whereas,
the mean disc height significanty decreased after repeated
OLM. These findings were nearly similar with those in
primary lumbar disc herniation. The mean degree of disc
space and foraminal narrowing was significantly higher
after OLM than after PELD*". Larger amount of disc
removal and violation of posterior spinal structures during
OLM were suggested as the causes of these differences,
which was usually the case with recurrent disc herniations.
Posterior lumbar surgical procedures have high chance of
damage to dorsal rami, which frequently results in denerva-
tion atrophy of multifidus muscle”?”. Kahanovitz et al.'”
performed long-term strength assessment of postoperative
discectomy patients and reported that every strength para-
meter tested except male isokinetic flexion strength showed
at least a 30% decrease at 1-year after surgery, when com-
pared with normal values. They recommended the specific
isometric, isokinetic, and endurance rehabilitation programs

for the postoperative discectomy patient. There-fore, the
atrophy and weakness of paraspinal muscles were suggested
as one of the possible predisposing factors for further
instability and dysfunction®. PELD was considered to have
an advantage for recurrent disc herniadon in terms of paras-
pinal muscle atrophy, since repeated OLM had a higher
change of re-damaging paraspinal muscles and innervating
dorsal rami. However, there was no significant difference in
the mean changes of multifidus muscle volume after surgery
between the two groups. It was supposed that the influences
of second surgeries on the volume of paraspi-nal muscles
were not significant, regardless of type of surgery, because
denervation atrophy of paraspinal muscles had already
significantly progressed after first surgery in both groups.

The retrospective study design and relatively small num-
ber of patients should be considered when interpreting the
results of the present study. Further randomized controlled
trials are needed.

CONCLUSION

Both PELD and repeated OLM showed favorable clinical
and radiological outcomes for recurrent disc herniation.
Compared with repeated OLM, PELD had several advan-
tages; 1) the procedure was performed under local anesthesia,
2) the operating time and hospital stay were significantly
shorter, 3) there were no approach-related complications,
such as dural tear and/or permanent nerve root injury, and

4) the disc height was preserved after the procedure.
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