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Preliminary Report of Combined Microscopic Fragmentectomy
and Nucleoplasty for Sequestrated Lumbar Disc Herniation
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Objective: This retrospective study was undertaken to evaluate the efficacy of combined microscopic fragmentectomy
and intraoperative nucleoplasty for sequestrated lumbar disc herniation.

Methods: Twenty-four patients with magnetic resonance imaging proven sequestrated lumbar disc herniation with small
annular leak treated by microscopic fragmentectomy and nucleoplasty were included. Patients were followed for at least one
year. The Oswestry Disability Index (ODI; version 2.0) was used to assess preoperative and postoperative functional status-
es in three age groups (20—40, 41-60, and >60 years). Visual analog scale and modified MacNab’s criteria were used to as-
sess the clinical outcomes for spinal surgery.

Results: Mean age at operation was 41.2 years (range 20—72 years). ODIs improved significantly regardless of age group.
Significant pain relief was achieved at 1 year after surgery. Most patients (92%) had an excellent or good result according
to modified MacNab’s criteria, and all patients showed symptomatic improvement after surgery. There were two postopera-
tive wound-related complications, and both responded to antibiotics. No patient underwent further additional surgery be-
cause of disc re-herniation during follow-up.

Conclusion: This study shows that combined microscopic fragmentectomy and intraoperative nucleoplasty without addi-
tional discectomy provides a safe operative option for the treatment of sequestrated lumbar disc herniation with small an-

nular leak.

(Korean J Neurotrauma 2014;10(1):6-9)
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Introduction

The terms “migrated” and “sequestrated” disc or frag-
ment refer to displacement of disc material away from the
opening in the annulus through which it has been extrud-
ed.” When the distinction between the outer annulus and
the posterior longitudinal ligament (PLL) is unclear and the
torn annulus opening is small in sequestrated lumbar disc
herniation, optimal surgical treatment is still debatable.
Williams'” reported successful results for a microsurgical
approach to a virgin herniated lumbar disc that involved re-
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moval of only the free fragment compressing the nerve
root. By preserving healthy intervertebral disc material, this
procedure supposedly offers excellent success rates, few
complications, and a low recurrence rate. However, Rogersg)
reported a high recurrence frequency after surgery involv-
ing removal of only the offending fragment as compared
with more extensive discectomy. Of the therapeutic mini-
mally invasive treatment options currently available, nu-
cleoplasty is commonly performed to decompress nucleus
pulposus and lower intradiscal pressure by inserting devic-
es into the affected intervertebral disc.” The purpose of
this study was to determine the surgical outcome of micro-
scopic fragmentectomy and intraoperative nucleoplasty in
cases of sequestrated lumbar disc herniation.

Materials and Methods

Twenty-four patients with magnetic resonance imaging
confirmed sequestrated lumbar disc herniation that under-



went combined microscopic fragmentectomy and intraop-
erative nucleoplasty between 2009 and 2012 were includ-
ed in this study. After sufficient consenting to the surgical
procedure, all underwent combined microscopic fragmen-
tectomy and nucleoplasty by the same surgeon. The Os-
westry Disability Index (ODI) questionnaire version 2.0
was used to assess degree of disability and functional sta-
tus caused by sequestrated discs.” All patients completed
the ODI questionnaire preoperatively and at 1-year postop-
eratively. In all cases, microscopic fragmentectomy was
followed by intraoperative nucleoplasty. To quantify pain and
functional outcomes, we used modified MacNab’s criteria
(Table 1) and a 10-point visual analog scale (VAS). Statisti-
cal analysis was performed using the paired t-test and a con-
fidence interval of 95%.

Operation technique

All operations were performed under general anesthesia
in the prone position. A microscope (Carl Zeiss, Oberkochen,
Germany) was mounted to aid removal of sequestrated disc
material. Exposure was obtained in each case according
to the direction of the free fragment by making a 2—3 cm
midline skin incision. In most cases, exposure of the rup-
tured disc fragment and involved nerve root was possible
with minimal disturbance of the lamina or adjacent facet
and limited bone removal. In all 24 patients, only the rup-
tured sequestrated fragment compressing the nerve root
was removed. Epidural fat was disturbed as less as possi-
ble and only bleeding epidural vessels were coagulated.
Intraoperative nucleoplasty was performed following suc-
cessful microscopic fragmentectomy. Under fluoroscopic
guidance, a 17 guage, 6 inch cannula was inserted into the
targeted disc space lateral to the facet joint. After confirm-
ing correct cannula placement, an introducer needle was
inserted into the disc. Once in proper position, of an intro-
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ducer needle to the ruptured site a radiofrequency (RF) de-
vice (L-disq®, U&I company, Uijeongbu, Korea) was insert-
ed, and as suggested by a manufacture company guideline,
at least 7 RF passes were performed.

Results

The 24 patients (mean age 41.2 years, range 20 to 74 years)
were followed for a minimum of 1 year (mean follow-up
16.3 months). Involved levels were; L4—5 in 14 and L5—S1
in 10. Prior to the procedure, 11 patients had a disability score
of 41-60%, 7 patients a score of 61—80%, 3 patients a score
of 21—40%, and 3 patients a score of 81—100% (Table 2).
ODIs improved significantly after combined microscopic
fragmentectomy and intraoperative nucleoplasty regard-
less of age group (20—40, 41—60, and >60), (p<0.05)(Ta-
ble 3). Furthermore, according to the 10 point VAS used (0=
no pain and 10=intractable pain), mean pain levels dropped
significantly from 8.3+1.5 to 2.6+1.6 (p<0.05). Most pa-
tients (92%) achieved an excellent or good result according
to the modified MacNab’s criteria at final follow-up (ex-
cellent: 14, good: 8). All patients obtained symptomatic
improvement after surgery. However, one patient com-
plained of occasional intermittent back and buttock pain,
which subsequently required radiofrequency neurotomy,
despite complete relief of radiating pain. Two postoperative

TABLE 2. Preoperative ODI ranges and the disc levels involved
Range of ODI (%) L4-5disc level L5-S1 disc level

0-20 0 0
21-40 2 1
41-60 6 5
61-80 4 3
81-100 2 1
Total number of patients 14 10

ODI: Oswestry Disability Index

TABLE 1. Modified MacNab’s criteria for characterizing the outcome

Outcome Description of criteria
Excellent No pain; no restriction of mobility: return to normal work & level of activity
Good Occasional nonradicular pain: relief of presenting symptoms: return to modified work
Fair Some improved functional capacity still handicapped and unemployed
Poor Continued objective symptoms of root involvement; additional operative intervention needed at the index

level regardless of the length of postoperative follow-up

TABLE 3. Mean change in ODls in the three age groups

Age group (years) Number Mean preoperative ODI (%) Mean postoperative ODI (%)
20—40 11 48.2 (20—86) 8.8 (4—24)(p<0.05)
41-60 9 50.1 (22-86) 15.6 (8—30)(p <0.05)
61-74 4 48.7 (16-80) 14.8 (10—24)(p <0.05)

ODI: Oswestry Disability Index
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wound-related complications responded to antibiotics, and
no recurrent disc herniation was encountered during fol-
low-up.

Discussion

A free sequestrated fragment may migrate, which means
that disc material moves away from the opening in the an-
nulus.*"” Some migrated fragments will be sequestrated, but
the term migrated refers to position and not to continuity.”
When the opening in a torn annulus is tiny and the interver-
tebral disc involved is relatively healthy, the optimal surgi-
cal approach is debatable.

Williams™ developed the concept of microsurgical re-
moval as applied exclusively to offending material decom-
pressing neural structures and the dural sac without touching
relatively healthy discal or bony components or articula-
tions; this minimal approach has the advantage of leaving
the normal anatomy relatively intact. Young patients that
present with radiologically preserved intervertebral height,
a disc with otherwise little degenerative change, and a near
intact posterior ligament and annulus fibrosus at operation
are expected to profit most from fragmentectomy, and the
small opening is expected to seal spontaneously and per-
manently without further herniation. Wenger et al."” also
reported successful results for minimal bone removal and
excision of only the completely extruded disc fragment
without entering the disc space. However, this technique was
not used in patients with a subligamentous herniation, a
large tear in the annulus or in the PLL, or with a fragment
not clearly separated from the disc space. Rogers® reported
a elevated recurrence rate when only the offending frag-
ment was removed as compared with more extensive dis-
cectomies. Unfortunately, complete clearance of all disc
material is not possible, because there is no distinct border
between the rigid annulus fibrosus and the soft nucleus
pulposus, and thus, visualization of the intervertebral disc
space and instrument accessibility are limited. Furthermore,
degenerative discopathy and extensive curettage of the in-
terspace reduces intervertebral disc height and subsequent-
ly loosens ligaments and articular capsules. In addition,
these loosenings, combined with reduced discal support in
the anterior column, could result in segmental instability,
facet arthrosis, and spondylosis, which in turn, could cause
disc space narrowing and imbalanced weight bearing on
spinal structures, and consequently, increase weight bear-
ing at the facet joint.*™""

Nucleoplasty, also known as percutaneous discectomy, is
a minimally invasive procedure that uses RF energy to re-
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move nuclear material.” This technology involves the appli-
cation of RF energy to a conductive medium and the creation
of a highly focused plasma field (composed of ionized par-
ticles) around energized electrodes. The proposed mecha-
nism of nucleoplasty’s therapeutic effect is that it reduces
intradiscal pressure. Thus, nucleoplasty combines coagu-
lation and tissue ablation to form channels in nucleus and
cause disc decompression. Shabat et al.” reported success-
ful outcomes without complications in 87 patients with me-
chanical back and radicular pain at a minimal follow-up
of 1 year after nucleoplasty. The best candidates for nucleo-
plasty are patients with radicular pain secondary to a con-
tained disc herniation or axial pain. The findings of a cadav-
er study conducted by Chen et al.” showed that patients with
incomplete annular tears and a minimally degenerated disc
benefit most from nucleoplasty. Accordingly, it appears pa-
tients with a large fissure are unlikely to benefit from nu-
cleoplasty, despite “contained” disc herniation. Instead, nu-
cleoplasty could be alternative technique for small annular
tear on behalf of the extensive microdiscectomy. Although,
sequestrated disc herniation tends to have large annular fis-
sure with PLL injury generally, we could obtain good surgi-
cal outcome by lowering intradiscal pressure without addi-
tional extensive discectomy. In the present study, significant
improvements in VAS scores and ODIs were achieved af-
ter a minimum follow-up of 1 year. Furthermore, revision
surgery due to re-herniation was not required during fol-
low-up. However, there are always risks. Infection, bleeding
and neural injury are uncommon but possible risks. More-
over, Cuellar et al.” reported progressive disc degeneration
in patients with persistent pain after nucleoplasty in less
than 1 year after surgery.

It has been well established that patient selection is im-
portant for achieving satisfactory results after microscopic
discectomy in cases of lumbar disc herniation. In their ret-
rospective review of 259 lumbar discectomies. Wera et al."”
showed a significant increase in revision surgery because
of the re-herniation of extruded disc fragments through a
large or massive annular defect. This suggests that micro-
scopic fragmentectomy is performed for a sequestrated
lumbar disc herniation without additional opening in case
of small annular leak, it would help to ameliorate symptom.
And in such cases, intraoperative nucleoplasty can help to
reduce intradiscal pressure. However, despite the success-
ful outcomes achieved, this by no means indicates that pa-
tients with sequestrated lumbar disc herniation should be
treated using this technique. There are two major limita-
tions in this study. First, there is a lack of sufficiently pow-
ered studies and randomized control trials to support the



widespread adoption of this procedure. Second, we did not
study the relation between the disc degeneration grade such
as Pfirrmann scores and clinical outcome. It should be per-
formed cautiously due to its remarkable cost and the risk of
neural injury, infection, bleeding and disc degeneration.”
In particular, despite our successful results, this does not
mean most patients with lumbar disc herniation should be
treated using this technique and patients with a large annu-
lar tear or PLL injury should be included carefully. We sug-
gest that a long-term randomized control comparative study
should be conducted to confirm our results in the near fu-
ture.

Conclusion

Combined microscopic fragmentectomy and intraopera-
tive nucleoplasty without conventional discectomy is a safe
operative modality for sequestrated lumbar disc herniation.
As demonstrated by the present series, the results obtained
are favorable, and thus, we recommend this procedure can
be viewed as a alternative treatment as compared with stan-
dard microsurgical lumbar discectomy with extensive nu-
cleus pulposus removal.

m The authors have no financial conflicts of interest.
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