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bstract

ackground: The observed rate of recurrent disc herniation after limited posterior lumbar discectomy is highest in patients with posterior
ide annular defects, according to the Carragee classification of type II (fragment-defect) disc hernia. Although the recurrent herniation rate

s lower in both type III (fragment-contained) and type IV (no fragment-contained) patients, recurrent persistent sciatica is observed in both
roups. A higher rate of recurrent disc herniation and sciatica was observed in all 3 groups in comparison to patients with type I
fragment-fissure) disc hernia.

ethods: In total, 40 single-level lumbar disc herniation cases were treated with limited posterior lumbar microdiscectomy and posterior
ynamic stabilization. The mean follow-up period was 32.75 months. Cases were selected after preoperative magnetic resonance imaging
nd intraoperative observation. We used the Carragee classification system in this study and excluded Carragee type I (fragment-fissure) disc
erniations. Clinical results were evaluated with visual analog scale scores and Oswestry scores. Patients’ reherniation rates and clinical
esults were evaluated and recorded at 3, 12, and 24 months postoperatively.
esults: The most common herniation type in our study was type III (fragment-contained), with 45% frequency. The frequency of

ragment-defects was 25%, and the frequency of no fragment-contained defects was 30%. The perioperative complications observed were
s follows: 1 patient had bladder retention that required catheterization, 1 patient had a superficial wound infection, and 1 patient had a
alpositioned transpedicular screw. The malpositioned screw was corrected with a second operation, performed 1 month after the first.
ecurrent disc herniation was not observed during the follow-up period.
onclusions: We observed that performing discectomy with posterior dynamic stabilization decreased the risk of recurrent disc herniations

n Carragee type II, III, and IV groups, which had increased reherniation and persistent/continuous sciatica after limited lumbar
icrodiscectomy. Moreover, after 2 years’ follow-up, we obtained improved clinical results.
2010 SAS - The International Society for the Advancement of Spine Surgery. Published by Elsevier Inc. All rights reserved.
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Lumbar disc herniation is a common disease that usually
resents itself with low back and leg pain and sometimes
ith serious neurologic symptoms, as a result of root nerve
r cauda equina compression. Mixter and Barr1 described a
isc excision operation technique for the treatment of sci-
tica due to disc herniation in 1934; however, they observed
hat the operation had not released patients from chronic
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ow back pain. Historically, radical discectomy operations
ere performed; endplates were removed with disc tissue,
y use of curettes.2,3 None of these operations prevented
ower back pain and continuous sciatica.4–6 The observed
ate of continuous or recurrent sciatica was as high as
0%.7–9 Notably, the reported rate of recurrent disc herni-
tion is 25%, and on average, 10% of patients undergo
eoperation because of recurrent pain.8,10,11 After radical
iscectomy techniques had been performed for some time,
ubtotal discectomy techniques were developed, involving
he removal of disc tissue by use of curettes without the

ndplates being touched. The purpose of this modified tech-

e Surgery. Published by Elsevier Inc. All rights reserved.
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ique was to prevent low back pain without disrupting
egmental stability. The standard microdiscectomy tech-
ique, which is still commonly used today, was first de-
cribed in 1977.6,12 Williams13 reported, for the first time,
ncouraging results after removing minimal intervertebral
isc tissue from a small group of patients who had free disc
ragments compressing the nerve root. Spengler14 described
less invasive limited discectomy in 1982. In this technique
nly extruded disc fragments and tender disc tissues need to
e removed. Curettes were not used in limited discectomy;
nly disc fragments were removed.

In 2003 Carragee et al8 described a lumbar disc hernia-
ion classification system, according to the degree of annu-
us and the presence of extruded/free disc fragments. They
ublished limited discectomy results, according to disc her-
iation type. In this classification system, they described 4
roups of disc herniation: (1) fragment-fissure herniation
disc herniation with minimal annular defect and presence
f 1 extruded or sequestered fragment); (2) fragment-defect
erniation (presence of extruded or sequestered fragments
ith wide annular rupture; rupture �6 mm); (3) fragment-

ontained herniation (intact annulus but with 1 or more
ragments below the annulus; such fragments are removed
y oblique incision to the annulus); and (4) no fragment-
ontained herniation (annulus is intact and without free
ragments under the annulus). Carragee et al observed high
ates of recurrent and persistent continuous sciatica after
imited discectomy in the latter 3 groups.

To prevent the risk of failed back syndrome or recurrent
isc herniation, as well as to decrease the frequency of
ostoperative sciatica, we performed posterior dynamic
ranspedicular stabilization without fusion with limited pos-

able 1
reoperative and postoperative patient characteristics: clinical outcomes a

All patients
Fragment-defect g
(type II)

40 (100%) 10 (25%)
ean age (years) 46 48.5
ean follow-up (months) 32.75 34.1
ender (F/M) 21/19 4/6
AS
Preoperative 7 7.2
3-month follow-up 2.5 2.7
12-month follow-up 1.05 1.5
24-month follow-up 0.5 0.4

DI
Preoperative 62.8 63.8
3-month follow-up 24.45 25.8
12-month follow-up 11.29 10
24-month follow-up 7.5 6

ate of recurrent/persistent sciatica
3-month follow-up 27.7% (11) 30% (3)
12-month follow-up 8.1% (3/37) 0%
24-month follow-up 8.8% (3/34) 0%

ate of documented reherniation None None
ate of reoperation 1 None
erior lumbar microdiscectomy in 40 patients. In this study
ynamic fixation was a non–Food and Drug Administra-
ion–approved indication for this procedure. We discuss the
atients’ clinical results as observed at 2 years’ follow-up.

aterials and methods

Limited lumbar microdiscectomy with posterior dynamic
ranspedicular stabilization was prospectively performed in
0 patients who were grouped according to the Carragee
lassification system as type II, III, or IV between 2004 and
008. These were a consecutive series of patients, and 4
urgeons were involved in this study. All were cases of
ingle-level lumbar discopathy. Cases were selected by use
f preoperative magnetic resonance imaging (MRI) and
ntraoperative observation.15 The Carragee classification
ystem was used in this study, and the Carragee type I
fragment-fissure) group was excluded. The mean postop-
rative follow-up time was 32.75 months (range, 6–56
onths). In this study 37 patients completed 1 year of

ollow-up and 34 patients completed 2 years’ follow-up.
linical results were evaluated by use of a visual analog

cale (VAS) for leg pain and Oswestry scores (Oswestry
isability Index [ODI]). Patients’ reherniation rates and

linical results were evaluated and recorded at 3, 12, and 24
onths postoperatively (Table 1). MRI was also performed

n all patients at the above-mentioned time periods. Recur-
ent sciatica and persistent symptoms were appreciated clin-
cally, and recurrent herniation rates were evaluated accord-
ng to reimaging with MRI.

Criteria for inclusion in the study were (1) physical
xamination and patient report consistent with sciatica, (2)

g to fragment type and annular defect

Fragment-contained group
(type III)

No fragment-contained group
(type IV)

18 (45%) 12 (30%)
44 47
31.9 32.9
8/10 9/3

7 6.75
2.4 2.5
1 0.8
0.75 0.37

61.66 63.66
25.2 22.16
12.12 11.27
8.5 7.5

22.2% (4) 33.3% (4)
6.25% (1/16) 18.18% (2/11)
6.26% (1/16) 25% (2/8)
None None
None Malpositioned screw was corrected with

a second operation that was
ccordin

roup
performed 1 mo after the first
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ingle-level disc herniation that was confirmed with MRI,
3) non-emergent elective operational cases, (4) patients
ho had not had previous operations, (5) patients who were

ged between 18 and 60 years, (5) patients who had a
eurologic deficit and sciatica, and (6) patients with con-
rmed wide-based disc herniation on MRI with predomi-
ant sciatica and back pain. Infection, instability, scoliosis,
nsufficient documentation, Carragee type I (fragment-fis-
ure), and malignity were criteria for exclusion.

urgical technique

All operations were performed in the same hospital by
se of operational microscopy and standard surgical tech-
ique, by 4 neurosurgeons. Single-dose prophylactic anti-
iotics were administered to all patients before incision. A
imited lumbar posterior microdiscectomy procedure was
erformed. Discectomy was performed from the interlami-
ar space in some patients, whereas in others it was per-
ormed via a small laminotomy, formed by a high-speed
rill. During the operation, disc type was identified accord-
ng to the Carragee classification system. If the disc type
as identified as type I (fragment-fissure), the patient was

xcluded from the study. When patients were identified as
ype II (fragment-defect), extruded or sequestered disc frag-
ents were removed and the disc space was cleaned of

oose and easily accessible disc fragments, by use of for-
eps. Curettes were not used in the disc space, and intact
nnulus parts were left untouched. Because there were no
nnular defects in intraoperatively identified Carragee type III
nd IV discs, the annulus was opened with an oblique incision
ith a No. 15 blade. Sub-annular fragments were removed
ith rongeurs; such patients were recorded as type III. If there
ere no free disc fragments in the sub-annular space, patie-
ts were recorded as Carragee type IV; extensive annulotomy
as performed in such cases, and protruding disc fragments
ere removed. At least 2 surgeons evaluated and recorded the

tate of the annulus and free disc fragments during all opera-
ions. After discectomy, with the help of lateral intraoperative
uoroscopy, posterior dynamic transpedicular stabilization
as performed for Carragee type II, III, and IV cases, by use
f the Wiltse approach via the inner paravertebral muscle.16

osmic (Ulrich GmbH & Co. KG, Ulm, Germany) and
afinaz (Medikon, Ankara, Turkey) dynamic transpedicular
crews with rigid rods were used (Fig. 1).

esults

The most common herniation type in our study was type
II (fragment-contained), with 45% frequency. The fre-
uency of fragment-defect cases was 25%; the frequency of
o fragment-contained cases was 30%. The perioperative
omplications observed were as follows: 1 patient had blad-
er retention that required catheterization, 1 patient had a
uperficial wound infection, and 1 patient had a malposi-
ioned transpedicular screw. The malpositioned screw was

orrected with a second operation that was performed 1 c
onth after the first. We observed that recurrent/persistent
ciatica rates were significantly lower among Carragee
ypes II, III, and IV. Significant postoperative improve-
ents were observed for the ODI and VAS measurements.
ecurrent disc herniation was not observed during the fol-

ow-up period. The summary of patients’ preoperative and
ostoperative ODI scores, VAS scores, characteristics, and
linical outcomes are provided in Table 1.

iscussion

This prospective study relied on the recently developed
arragee classification system. Carragee types II, III, and IV
ere identified intraoperatively in patients with single-level

umbar disc herniation, and posterior dynamic transpedicu-
ar stabilization with limited posterior lumbar microdiscec-
omy was performed. The purpose of this study was to
revent failed back syndrome by reducing the high rate of
ecurrent disc herniation observed in type II patients (de-
cribed as fragment-defect) and to prevent the high rate of
ecurrent/persistent sciatica observed in type III and IV
atients (fragment-contained and no fragment-contained,
espectively). Ultimately, better clinical results resulted.
his approach yielded lower reherniation rates and vastly

mproved clinical results.
Unlike previous disc herniation classifications, the Car-

agee system elaborates a new disc classification according
o the presence of extruded/sequestered or sub-annular frag-
ents and annular stability.8 In their series of 187 cases,
arragee et al8 reported recurrent/persistent sciatica, reher-
iation, and reoperation at a frequency of 1.1% among the
ype I group. The type I group had small annular fissures
nd sequestered fragments; they were treated with seques-
rectomy. After performing sequestrectomy, we excluded
he type I group from our study because of the positive

ig. 1. (A) Safinaz dynamic transpedicular screw (Medikon). (B) Cosmic
ynamic transpedicular screw (Ulrich GmbH & Co. KG).
linical results. The clinical results and reherniation rates
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mong the other 3 groups were not satisfactory. The rate of
ecurrent/persistent sciatica and reherniation in the type II
fragment-defect) group was as high as 27.3%; the reopera-
ion rate was significantly high, at 21.2%. The rates of
ecurrent/persistent sciatica, reherniation, and reoperation
mong types III and IV were 11.9%, 9.5%, and 4.8%,
espectively, and 37.5%, 12.5%, and 6.3%, respectively. In
omparison to the Carragee type III group, the Carragee
ype IV group had much higher rates of recurrent/persistent
ciatica. The Carragee type III group had a higher rate of
ecurrent/persistent sciatica than the Carragee type I group.
imilarly, the rates of reherniation and reoperation observed

n this study for Carragee types III and IV were not as high
s those observed for the Carragee type II group; however,
he rates were much higher than those observed for the type
group. Because of the study of Carragee et al, it was

urmised that more satisfactory results and decreased rates
f both recurrent herniation requiring reoperation and re-
urrent/persistent sciatica would follow a limited posterior
umbar microdiscectomy with posterior dynamic transpe-
icular stabilization. After evaluating the results of 40 cases,
fter at least 2 years’ follow-up, we observed no recurrent
isc herniation. Recurrent/persistent sciatica rates were sig-
ificantly lower in all 3 types examined compared with the
tudy of Carragee et al and other studies.9,17,18

According to the relevant literature, unsatisfactory re-
ults are reported in 38% of patients who undergo lumbar
iscectomy.7,19 Mochida et al20 confirmed that removing the
isc material less aggressively yields better clinical and radio-
ogic results. Williams13,21 reported, for the first time, encour-
ging results after removing minimal tissue from the interver-
ebral disc space. His clinical success rate was 90%, and the
ate of recurrence was 4% to 9%. Rogers22 described recurrent
isc herniation, after removing only disc fragments, in 7 of 33
atients (21%). In a study by Thome et al,6 recurrent herniation
as observed in 4 of 42 patients (10%). A recent study by
arth et al23 compared the results at 2 years’ follow-up for

umbar microdiscectomy and microscopic sequestrectomy.
he microdiscectomy patient group presented deterioration in

unctional and radiologic results due to segmental degeneration
t 2 years, whereas sequestrectomy was associated with better
unctional results after 2 years.

Some clinical and radiologic studies reported that loose-
ess in the ligaments and facet joint capsules is observed
ith the decrease in disc altitude after disc operations. As a

esult, increased load on facet joints may cause segmental
nstability and spondylosis.4–6,24,25 Segmental instability in
he lumbar spine is one of the reasons for failed back
yndrome. Yorimitsu et al,26 in their follow-up study of
ore than 10 years, reported the frequency of chronic lower

ack pain, rather than sciatica, after lumbar disc surgery due
o decreased disc space height as 75%. Lumbar instability
an be confirmed both clinically and radiologically.27,28

tudies examining clinical instability showed that radio-
ogic findings were not always in agreement with clinical

ndings.29,30 Notably, it is thought that degenerative disc a
isease is one of the major causes of spinal instabi-
ity.28,29,31,32 According to the literature, the rate of insta-
ility in patients with lumbar disc herniation is 20%.31,32

Kotilainen and Valtonen33 treated 190 patients with sin-
le-level lumbar disc herniation by performing lumbar mi-
rodiscectomy. During the observation period, 10% of pa-
ients complained of sciatica and as many as 29% of patients
ad lower back pain. Clinical examination showed various
igns and symptoms of segmental instability of the lumbar
pine in 22% of the surgical patients. In another study
otilainen et al34 reported poor clinical results in patients
ith protruded disc herniation, as compared with patients
ith sequestered fragments or prolapse, who displayed bet-

er results. According to Kotilainen et al, such results may
rise because of segmental instability resulting from the
iffuse nature of disc disease. Frymoyer and Selby31 ac-
nowledged that massive central L4-5 disc herniation,
hich is often observed with severe low back pain, presents
remarkable situation and exhibits a tendency toward de-

enerative instability. The diffuse/massive-natured disc her-
ia descriptions of Kotilainen et al and Frymoyer and Selby
re in line with the Carragee classification of the type IV
roup. In such cases Carragee et al8 removed protruded disc
ieces via extensive annulotomy. They reported a very high
ate of recurrent/persistent sciatica (37%) in this group. It is
ur opinion that the unsatisfactory results of Carragee et al
ere due to segmental instability; therefore limited discec-

omy with posterior dynamic transpedicular stabilization
as performed in our patients.
The concept of dynamic stabilization was established to

ontrol abnormal motion by transferring the weight-bearing
oad carried by the spine without performing spinal segment
usion.35 Thus dynamic stabilizations aim to relieve the pain.35

ome recently published studies showed that dynamic stabili-
ation (by use of a dynamic pedicular screw–rod system)
iomechanically provides stability that is similar to that
rovided by rigid systems.36 Moreover, theoretically, it is
hought that dynamic stabilization systems have advantages
ver rigid spinal implants. It is an easier surgery to perform,
equires a shorter operative time, and does not have the
ssociated risks of donor-site pain, pseudarthrosis, and ad-
acent segment degeneration that fusion surgery entails.37,38

tudies by Schaeren et al39 and Stoll et al40 reported good
linical results from the procedure and recommended dy-
amic stabilization as a safe and effective method of treat-
ent for patients with degenerative chronic instability.
utzier et al37 reported that disc degenerations showed far
ess progression in patients who had nucleotomy with pos-
erior dynamic system applications than patients who did
ot have dynamic stabilization after 34 months’ follow-up.
n our experience, posterior dynamic transpedicular stabili-
ation decelerates the degeneration of disc tissue (Fig. 2). It
an reduce the occurrence of failed back syndrome. In this
tudy dynamic fixation was a non–Food and Drug Admin-
stration–approved indication for this procedure. This study

nd favorable results in the literature have shown that pos-
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erior dynamic transpedicular stabilization can be used in
egmental degenerative instability to reduce the risk of
ailed back syndrome or recurrent disc herniation and to
ecrease the frequency of postoperative sciatica and me-
hanical low back pain. This seems to be a compelling
rgument for a new indication for use of posterior dynamic
ranspedicular stabilization.

In this prospective study we performed limited lumbar
icrodiscectomy in single-level disc herniation patients
ho were grouped according to the Carragee classification

ystem as type II, III, or IV. To obtain more satisfactory
linical results and to decrease the rates of instability due to
egmental degeneration, as well as to reduce the rates of
ecurrent disc herniation and recurrent/persistent sciatica
ith failed back syndrome, we also performed posterior
ynamic transpedicular stabilization in the same patients.
his approach yielded much improved clinical results.

The main deficiency of this study is short follow-up. The
tudy of Carragee et al,8 which served as the cornerstone for
ur study, had a median follow-up period of 6 years, with
inimum follow-up of 2 years, and the recurrence of symp-

oms occurred after a long time interval. More clinical studies
eed to show the positive results after posterior dynamic trans-
edicular stabilization with limited lumbar discectomy.
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