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Total Disc Replacement in
the Treatment of Lumbar
Discogenic Pain with Disc
Herniation: A Prospective
Clinical Study     
Diskojenik Bel A¤r›s› Olan Lumbar
Disk Herniasyonunun Tedavisinde
Total Disk Protezi Uygulanmas›:
Prospektif Klinik Çal›flma

ABSTRACT 
BACKGROUND: Biomechanical benefits of Total Disc Replacement (TDR) including both
the restoration of normal segmental range of motion and the prevention of physiological
lumbar lordosis encourage spine surgeons to perform TDR for lumbar disc disease.
METHODS: A total of twenty patients (mean age: 39.5) who had degenerative disc disease
with unilateral disc herniation were operated on between 2003 and 2006. Microscopic
anterior lumbar discectomy with TDR placement via a transperitoneal approach were
performed. Each patient was evaluated using a VAS and the Oswestry index. 
RESULTS: Mean ODI improved from 73.3 preoperatively to 35.0 and 20.4 at 3 and 12
months of follow-up respectively (P < 0.001). The mean VAS score improved from 8.65
preoperatively to 2.6 and 1.9 at 3 and 12 months respectively (P < 0.001). 
CONCLUSIONS: Results from this series are promising and indicate that placement of
TDR for degenerative disc disease with lumbar disc herniation is a valuable alternative to
conventional techniques. The main advantages of this application are preservation of
spinal stability, early mobilization, restoration of normal segmental range of motion and
elimination of problems related to intervertebral disc tissue such as discogenic pain and
recurrence of disc herniation.
KEYWORDS: Lumbar spine, İntervertebral disc, Artificial disc placement, Discogenic
pain, Lumbar disc herniation  
ÖZ
Biyomekanik açıdan total disk protezinin, fizyolojik lomber lordozun korunması ve
normal segmental hareketin restorasyonu gibi iki önemli faydası vardır. Bu özelliklerinden
dolayı total disk protezinin uygulanması omurga cerrahisi açısından gündeme gelmiştir.
Bu çalışmada, diskojenik bel ağrısı olan lomber disk herniasyonunun tedavisinde total disk
protezinin rolü incelenmiştir. 2003-2006 tarihleri arasında dejeneratif bel hastalığı ile
birlikte lomber disk herniasyonu olan toplam 20 hastaya (ortalama yaş: 39,5) total disk
protezi uygulandı. Transperitoneal yol ile mikroskopik anterior lomber diskektomi ve total
disk protezi uygulandı. Hastaların klinik değerlendirmelerinde görsel analog skala (VAS)
ve Oswestry indeksi (ODI) kullanıldı. Ameliyat öncesi ortalama 73,3 olan ODI ameliyat
sonrası 3. ay ortalama 35 ve 12. ay 20,4 olarak saptandı (p<0,001). Aynı şekilde VAS
sonucunda da iyileşme görüldü. Ameliyat öncesi 8,65 olan VAS ortalama değeri ameliyat
sonrası 3. ay 26 ve 12. ay 1,9 olarak saptandı (p<0,001). Bir hastada ameliyat esnasında
protez ile ilgili komplikasyon oldu. Bu çalışma serisinde elde edilen sonuçlarla dejeneratif
bel hastalığı ile birlikte olan lomber disk herniasyonunda total disk protezi uygulamaları
konvansiyonel yöntemlere alternatif olarak sayılabilir. Bu yöntemin stabiliteyi koruma,
erken mobilizasyon, normal segmental hareket açısının restorasyonu ve intervertebral disk
dokusu kaynaklı olan diskojenik ağrı ve disk herniasyon rekürrensi gibi sorunların
giderilmesi gibi önemli yararları vardır.
ANAHTAR SÖZCÜKLER: Lomber omurga, İntervertebral disk, Artifisiyel disk protezi,
Diskojenik ağrı, Lomber disk herniasyonu   



INTRODUCTION
Lumbar disc surgery is one of the most frequent

procedures performed by spine surgeons. The first
technique for lumbar discectomy was described in
1934, and it involved an aggressive surgical approach
(22). An initial attempt at a minimally invasive
procedure was reported in 1977 (37). In the 1990s, some
authors stated that extensive posterior removal of
herniated lumbar discs prevented symptom recurrence
and achieved better clinical results (36). In contrast,
others suggested that the best results were attained
when only extruded fragments of the spinal canal were
removed via a posterior approach (35). Subsequent
research has shown, however, that both of these
methods produce similar recurrence rates (1,32).

Anterior lumbar discectomy is a viable and feasible
alternative to the posterior approach for treating
herniated lumbar discs. Numerous studies have
supported anterior lumbar discectomy with or without
intervertebral fusion, performed with an operating
microscope or endoscope, as a method for treating
virgin or recurrent lumbar disc herniation (13). The
anterior portion of the lumbar intervertebral disc space
is wider than the posterior portion, and the anterior
approach therefore allows better access to lumbar disc
tissue than the posterior approach does. The anterior
approach also allows for almost total disc tissue
removal while still preserving the facets and
paravertebral muscles. A disadvantage of the anterior
approach is separation of abdominal organs to expose
the disc. Separation may increase the complexity of the
anterior approach.

The biomechanical perspective states that stress in
the posterior side of the vertebral column is increased
after posterior lumbar disc surgery. Conversely, stress in
the anterior side of the vertebral column is reduced after
surgery. The idea of achieving a physiological stress
distribution in the spinal column by Total Disc
Replacement (TDR) or replacement of the nucleus
pulposus encouraged spine surgeons to change their
surgical approach to lumbar disc disease. Preliminary
reports with positive clinical results support this new
strategy (2,6,9,11,18,21,28,38).

Biomechanical benefits of TDR include both the
restoration of normal segmental range of motion and
the prevention of physiological lumbar lordosis. These
prostheses ensure that compressive loads are
transmitted optimally. They also protect the posterior
elements, thus decreasing the possibility of adjacent
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disc disease (4). There is no risk of pseudoarthrois,
which is present after fusion surgery. Pain disappears,
and there is no need to use a brace or other motion-
restricting device in daily life. Postoperative
rehabilitation may be started early. 

The purpose of this preliminary prospective clinical
study was to assess the efficacy and practicality of using
TDR to treat patients suffering from degenerative disc
disease with herniated lumbar discs.

MATERIAL and METHODS
Patient Selection
Subjects were twenty patients who underwent a

single-level anterior lumbar microdiscectomy with TDR
between 2003 and 2006. All patients were informed
about the details of the surgery and gave written
informed consent. 

The criteria for the surgery were as follows: patients
were younger than 50 years of age; a single-level
median or paramedian disc herniation at (single level)
L4-5 or L5-S1 confirmed by magnetic resonance
imaging was present; patients displayed back and
radicular pain, unaccompanied by neurological deficit;
patients showed no response to at least six weeks of
conservative treatment; no facet joint arthrosis, spinal
stenosis, spondilolisthesis, osteoporosis, or systemic
disease was present. 

Data Collection
For each subject, we recorded the duration of

symptoms, results from static and dynamic lumbosacral
radiographic exams after and before surgery, level of
herniation on magnetic resonance imaging, preoperative
aortoiliac configuration on three-dimensional
computerized tomographic angiography (to detect the
anatomic position of major vessels), operative time,
peroperative blood loss, hospitalization period, and
interval between surgery and return to work. 

Physical assessment procedure
Severity of back or radicular pain was evaluated

using a visual analogue scale (VAS) that ranged from 0
(no pain) to 10 (worst pain imaginable) (14). Level of
disability was assessed using the Oswestry Disability
Index (ODI), version 2.0 (7). The ODI is a questionnaire
comprised of ten items designed to assess daily living
activities that are most likely to be impaired in patients
with low-back pain; a high ODI percentage indicates
high disability. Each patient’s VAS scores and ODI
values were recorded before the surgery and at three, six
and twelve months after the operation. 



Surgical Procedure
In each case, anterior lumbar microdiscectomy was

performed using the open mini-ALIF method
described by Mayer, with modification (3,20). 

Briefly, the anterior lumbar disc space was exposed
through a 5-cm horizontal skin incision at the midline
beneath the umbilicus, followed by the standard
muscle-splitting and transperitoneal approach. An
operating microscope was used during the discectomy
procedure. All of the herniated disc tissue was removed
by pituitary rongeurs, and then a small portion of each
posterior endplate was resected using a high-speed drill
and Kerrison rongeurs. A Penfield dissector and nerve
hook were then used to detach any disc tissue that
remained on the posterior longitudinal ligament. The
posterior longitudinal ligament was released when
necessary. After completing the discectomy procedure,
a TDR (Maverick, Medtronic Sofamor Danek,
Memphis, TN, USA) was placed in the intervertebral
disc space, according to the manufacturer’s
instructions. 

Final clinical outcome was assessed using the Prolo
scale (26), based on a telephone interview that took
place prior to preparation of this manuscript. 

Statistical Analysis
The results for the various scoring systems were

statistically analyzed using the t-test.
RESULTS 

Table 1 summarizes the clinical data for the twenty
patients. Eleven of the patients were female and nine
male, with an average age of 39.5 years (range, 33-50
years). The average duration of symptoms before
surgery was 3.9 months. One patient, a 38-year-old
male (patient no: 10), had undergone the classical
posterior approach (microlumbar discectomy with
ligamentum flavum preservation) (25) for an L4-5 disc
herniation three years prior to the procedure used in
this study. Eight patients had persistent back pain
without radicular pain for a mean duration of 4.8
months (range 2-12 months), and twelve patients had
radicular pain for mean duration of 3.2 months (range
2-5 months). As noted, all patients had received at least
six weeks of conservative treatment, for example
various combinations of non-opioid medications,
physical therapy, and exercise, at another health care
center. In all cases, a preoperative neurological
examination revealed no abnormalities other than
back/radicular pain. 

129

Turkish Neurosurgery 2009, Vol: 19, No: 2, 127-134 Sasani: Total Disc Replacement in the Treatment of Lumbar Discogenic

Range of motion (ROM) is important after the TDR.
When we review the literature, the ROM of the
prosthesis at the L5-S1 level is significantly lower
compared to the ROM at the other levels. A satisfactory
outcome was achieved for monosegmental L4-5 and L5-
S1 disc replacement procedures with best results
achieved following TDR at L4-5. The advantage of
lumbar TDR might be minimal at L5-S1 in preserving
ROM (16,19,24,31). We always use TDR only at one level
in our cases. The clinical results of our patients were
satisfactory. 

Magnetic resonance imaging showed decreased
signal intensity at the affected disc site on T2-weighted
images. Eight patients had median disc herniation, and
twelve had paramedian disc herniation (Figures
1A,B,C,D and 2A,B,C,D). Computerized tomographic
angiography revealed no lower bifurcation of either the
aorta or the vena cava in any of the twenty patients. 

Thirteen patients were operated at L4-5, and 7
patients at L5-S1. The average operative time was 180
min, and the average volume of blood lost during
surgery was 415 ml. Two patients (no: 6, 15) required
blood transfusions intraoperatively. The average
hospital stay was 3.5 days (Table I). There were two
complications (patient no: 6, 15) related to either the
surgery or the hardware used. A branch of the iliac vein
was torn during implantation of the prosthesis in these

Figure 1: The preoperative MRI of the patient showed recurrent
disc herniation and degenerative disc disease at the L4-5 level
(A,B). The postoperative plain radiographs show the Total Disc
Replacement (C,D).

Figure 2: The preoperative MRI of a patient with complaints of
left leg and back pain (case 4, table1) showed degenerative disc
disease with disc herniation at the L5-S1 level (A,B). The
postoperative plain radiographs show the Total Disc Replacement
(C,D).



two patients. The ruptures were repaired with a 6/0
suture. The average time before returning to work was
14.1 days. 

Table 2 lists the follow-up findings for the twenty
patients. All patients were strictly followed-up for 12
months and the follow up of some patients continued
up to 32 months. The average follow-up period was
22.7 months (range, 12-32 months). The mean VAS and
mean ODI values before the procedure differed
significantly from the corresponding mean values at
each time point assessed during follow-up (P < 0.001).
When patients were categorized according to type of
pain (back versus radicular), both these groups showed
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significant improvement. Movement VAS scores
showed a preoperative mean of 8.6 (range 7-10), and
postoperative means of 2.6 (range 1-8) and 1.9 (range 1-
3) for 3 and 12 months after treatment, respectively.
Correlation between these values was statistically
significant (P<0.001). Mean ODI improved from a value
of 73.3 (range 40-100) preoperatively to 35.0 (range 12-
60) and 12 (range 10-58) at 3 and 12 months
postoperatively, respectively. The mean ODI values at 3
and 12 months were both significantly lower than the
mean at baseline (P < 0.001). 

The Prolo scale values were 45% excellent, 50%
good, 5% fair and 0% poor (Table II).

Table I: Clinical data of 20 patients operated with Total Disc Replacement (TDR) for herniated lumbar disc.

 

Patient No 
 

Age/ 
Gender 

 
Symptom 

 
Duration of
Symptom 
(month) 

 
Herniated 

Level 

 
Blood Loss

(cc) 

 
Length of Stay 

in Hospital
(day) 

 
Return to

Work (day) 
 

      1 37-F Back pain 2 L4-5 300 3 10 

      2 35-F Back and
Radicular pain 4 L5-S1 350 2 12 

3 50-M Back and
Radicular pain 3 L5-S1 250 2 10 

4 45-F Back pain 4 L4-5 400 4 15 

5 33-M Back pain 6 L4-5 300 3 14 

6 30-F Back and
Radicular pain 4 L4-5 1200 7 10 

7 37-M Back and
Radicular pain 3 L5-S1 180 2 14 

8 35-M Back and
Radicular pain 5 L5-S1 240 2 10 

9 48-M Back pain 6 L4-5 300 4 14 

10 38-M Back pain 12 
L4-5 

(recurrent) 
350 3 12 

     11  44-F Back pain 8 L4-5 400 5 10 

12 35-M Back and
Radicular pain 3 L4-5 450 3 18 

13 36-F Back and
Radicular pain 5 L5-S1 250 2 16 

14 41-F Back and
Radicular pain 

2 L4-5 350 2 15 

15 50-F Back pain 9 L4-5 1500 8 28 

16 37-M Back and
Radicular pain 

3 L5-S1 400 3 14 

17 43-F Back and
Radicular pain 2 L4-5 200 5 10 

18 44-M Back pain 5 L4-5 190 4 16 

19 36-F Back and
Radicular pain 2 L5-S1 250 3 20 

20 37-F Back and
Radicular pain 3 L5-S1 250 3 14 
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Visual Analog Pain Scale Oswestry Disability Prolo Scale 
Telephone Interview 

Follow-up  

Outcome 

Patient 
No: Preop 

To
Move 

Preop 
To Rest 

Postop 
3

month 
To

Move 

Postop 
3 month  
To Rest  

Postop 
12 month 
To Move 

Postop 
12 month  
To Rest  

Preop 
 

Postop 
3

month 
 

Postop 
12

month Duration 
(Month) 

Preop Postop 
 

    1 

 

   10 5 7 2 3 1 64 24 18 28 5 7  
(good) 

2 

 

10 3 10 2 3 2 88 52 44 24 4 7 
(good) 

3 

 

8 4 2 2 3 2 66 26 16 18 5 8 
(good) 

4 
 

10 2 10 1 1 1 100 38 12 24 5 9 
(excellent) 

5 

 

10 1 5 1 1 1 78 12 12 12 2 8 
(good) 

6 

 

9 8 4 5 5 3 76 70 58 30 4 9 
(excellent) 

7 

 

9 3 4 1 2 1 98 40 24 18 6 10  
(excellent) 

8 

 

7 1 2 1 1 1 54 22 18 20 4 7 
(good) 

9 

 

10 3 8 2 2 2 96 24 20 16 3 8 
(good) 

10 

 

9 4 9 4 3 2 80 36 26 32 3 9 
(excellent) 

11 
 

9 2 6 1 2 1 74 16 18 20 5 7 
(good) 

12 

 

9 1 9 1 1 1 42 38 12 12 5 6 
(fair) 

13 

 

9 1 8 1 1 1 64 42 24 18 2 9 
(excellent) 

14 

 

8 1 5 1 1 1 40 26 10 20 2 9 
(excellent) 

15 

 

8 1 6 1 1 0 78 22 14 28 3 7 
(good) 

16 

 

7 2 3 1 1 1 52 16 10 30 4 8 
(good) 

17 

 

9 2 6 1 2 1 84 60 40 32 4 9 
(excellent) 

18 
 

8 3 4 2 2 1 72 48 10 24 4 9 
(excellent) 

19 
 

7 2 5 1 1 0 66 40 10 18 3 9 
(excellent) 

20 
 

7 3 7 3 2 1 64 48 12 30 2 7 
(good) 

Table II: Follow-up assessment data of the patients indicates that P<0.001



DISCUSSION
The outcomes reported after both traditional

techniques and microsurgery for lumbar disc
herniation have generally been shown to be equal (23).
Nevertheless, some patients have developed recurrent
herniation at the operated level after these procedures,
some have suffered prolonged radicular pain and have
developed epidural fibrosis, and others have developed
early degenerative spondilolisthesis or segmental
instability (15). Studies indicate that 5%-11% of patients
undergoing posterior disc excision suffer recurrent
herniation (33). There are no published data examining
recurrence after anterior lumbar disc surgery. It is likely
that the wide exposure of the disc space after removal
of all disc material eliminates recurrence in these
patients. 

The treatment of discogenic pain is always
problematic for spine surgeons. Numerous treatment
methods, ranging from conservative treatment to
extensive surgical techniques like the application of
posterior dynamic fixation (34), Total Disc Replacement
(2,18,21,28,33), or fusion procedures (23,30) have been
described. Clearly, more data is needed to choose the
optimal surgical intervention for a patient with
discogenic pain.

It has been established that approximately 80% of
axial compressive load transmits through the anterior
portion of the vertebral column (5). Clearly, the removal
of part of an intervertebral disc decreases that disc’s
buffering capacity. This change results in excessive load
transfers through the facet joints, as well as an
accumulation of pressure in the discs at adjacent levels.
These effects can eventually lead to degenerative
segmental instability over time. Placement of a TDR
after complete disc removal at least partially restores the
kinematics of the functional spine unit, and it facilitates
optimal anterior-posterior column load sharing (4).
However, we found limited movement at the L5-S1
level compared to the L4-5 level. The literature also
supports this finding. We therefore cannot say TDR
preserves lumbar segmental motion. In this study, we
used a ball-and-socket (semiconstrained) design TDR
that limits segmental translation under flexion-
extension and lateral bending. This design is thought to
minimize anteroposterior shear forces at the operative
facet level, while still providing a fixed axis of rotation
(12). This effect is the main biomechanical advantage of
a TDR over other types of nuclear replacement
products, such as prosthetic disc nucleus. 
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We performed three-dimensional computerized
tomographic angiography in our study to evaluate each
patient’s aorta and iliac veins before TDR placement
surgery. These studies helped us with surgical planning
because they confirmed that none of the patients had
vascular restrictions that might affect the procedure. In
our twenty patients, the surgeon encountered no
difficulties during disc excision; however, it is important
to take great care and use the surgical microscope when
using a high-speed drill deep within the intervertebral
space. Rehabilitation after lumbar disc replacement
surgery was as follows: All patients were educated
concerning low back protection principles either
preoperatively or on the first postoperative day. Patients
were instructed on correct postural position, including
methods for protecting the lower back, on the third
postoperative day. The patients were discharged from
the hospital on approximately the fourth postoperative
day if there were no complications. The initial
rehabilitation protocol prepared by the PMR
Department suggested active rest and educated patients
on the principles of low back protection. Initial
instructions of the rehabilitation protocol are described
below.

- No restriction in daily activities when the patient
felt that he/she had recovered

- Swimming and running can start after six weeks.
- Dynamic lumbar stabilization exercises can start

after three months.
The hospitalization period (an average of 3.5 days

for our patients) was the same as that for traditional for
lumbar microsurgery.

One of the major complications of this surgery is
major vessel injury. The incidence of this complication
in the anterior approach was found to be 1.9-2.9%
following a literature review (8,10). In our limited series
of two patients, there were two small vein ruptures in
the branches of the iliac vein and very close to it.

Another important complication in the anterior
lumbar approach is retrograde ejaculation due to
destruction of the nerves of the sympathetic plexus. The
incidence of retrograde ejaculation changes between 0
and 4.1% in the literature (27,29). Most of the cases heal
about 6 to 10 months after the operation but in some
cases the condition can persist. We had past experience
of retrograde ejaculation after the anterior lumbar
approach but not in these cases.

Postoperatively, our patients had no need for lumbar
support, and all were mobilized the day after the



procedure. We placed no restrictions on daily activities.
The literature contains no data related to the use of

TDR for primary or secondary lumbar disc herniation,
but there is no absolute contraindication for TDR in these
cases. Tropiano and coworkers reported a preliminary
finding of a 90% success rate for total disc replacement in
53 patients. Our series included one such case (an L4-5
microdiscectomy three years earlier, patient no: 10), and
we encountered no problems during this patient’s
surgery. The patient tolerated the surgery well and
returned to work within 12 days (case 1). 

Kim et al. (17) reported the usability of the TDR in
patients without degenerative disc disease that had
developed juxtafusional degeneration after posterior
stabilization surgery. The neurological symptoms had
completely resolved by six months after surgery. In our
study, all the patients’ back pain and radicular pain
resolved after the procedure in all eleven patients
described in that report. 

Le Huec (18) reported a satisfactory outcome at a
two-year follow-up with TDR. Similarly, Bertagnoli (2)
documented a 93% satisfaction rate at a two-year
follow-up for TDR treatment of single or multilevel
discogenic pain. Lumbar disc herniation was not an
exclusion criterion in Bertagnoli’s study. We included
patients with lumbar discogenic pain with disc
herniation in our study.

The results from this series suggest that TDR
placement in patients with lumbar disc herniation
associated with degenerative disc disease is a valuable
alternative to conventional techniques. The main
advantage of inserting a TDR lies in the preservation of
segmental motion and spine stability in young adults
that exhibit early mobilization. TDR offers spine
surgeons a safe and efficacious method to treat both
radicular pain arising from disc herniation and
discogenic pain arising from degenerative disc disease.

REFERENCES
1. Balderston RA, Gilyard GG, Jones AA, Wiesel SW, Spengler DM,

Bigos SJ, Rothman RH: The treatment of lumbar disc herniation:
Simple fragment excision versus disc space currettage. J Spinal
Disord 4:22–25,1991

2. Bertagnoli R, Yue JJ, Shah RV, Nanieva R, Pfeiffer F, Fenk-Mayer
A, Kershaw T, Husted DS: The treatment of disabling single-level
lumbar discogenic low back pain with total disc arthroplasty
utilizing the Prodisc prosthesis: A prospective study with 2 year
minimum follow-up. Spine 30: 2230-2236, 2005

3. Carilli S, Oktenoglu T, Ozer AF: Open-window laparotomy
during transperitoneal approach to the lower lumbar vertebrae:
New method for reducing complications. Minimally Invasive
Neurosurgery 49: 227-229, 2006

133

Turkish Neurosurgery 2009, Vol: 19, No: 2, 127-134 Sasani: Total Disc Replacement in the Treatment of Lumbar Discogenic

4. Cunningham BW, Gordon JD, Dmitriev AE, Hu N, McAfee PC:
Biomechanical evaluation of total disc replacement arthroplasty:
An in vitro human cadaveric model. Spine 28: 110-117. 2003

5. Cunningham BW, Kotani Y, McNulty PS, Cappuccino A, McAfee
PC: The effect of spinal destabilization and instrumentation on
lumbar intradiscal pressure: an in vitro biomechanical analysis.
Spine 22: 2655-2663, 1997

6. Delamarter RB, Bae HW, Pradhan BB: Clinical results of ProDisc-
II lumbar total disc replacement: report from the United States
clinical trial. Orthop Clin North Am 36:301-313, 2005

7. Fairbank JCT, Pynsent PB: The Oswestry disability index. Spine
22: 2940-2953, 2000

8. Fantini GA, Pappou IP, Girardi FP, Sandhu HS, Cammisa FP Jr:
Major vascular injury during anterior lumbar spinal surgery:
incidence, risk factors, and management. Spine 5:32(24):2751-
2758,2007

9. Guyer RD, McAfee PC, Hochschuler SH, Blumenthal SL, Fedder
IL, Ohnmeiss DD, Cunningham BW: Prospective randomized
study of the Charite artificial disc: Data from two investigational
centers. Spine J 4: 252-259, 2004

10. Hamdan AD, Malek JY, Schermerhorn ML, Aulivola B, Blattman
SB, Pomposelli FB Jr: Vascular injury during anterior exposure of
the spine. J Vasc Surg 48(3):650-654, 2008

11. Hochschuler SH, Ohnmeiss DD, Guyer RD, Blumenthal SL:
Artificial disc: preliminary results of a prospective study in the
United States. Eur Spine J 11:106-110, 2002

12. Huang RC, Girardi FP, Cammisa FP, Wright TM: The implications
of constraint in lumbar total disc replacement. J Spinal Disord
Tech 16: 412-417, 2003

13. Inoue S, Watanabe T, Hirose A, Tanaka T, Matsui N, Saegusa O,
Sho E: Anterior discectomy and interbody fusion for lumbar disc
herniation. A review of 350 cases. Clin Orthop 183: 22-31, 1984

14. Jensen MP, McFarland CA: Increasing the reliability and validity
of pain intensity measurement in chronic pain patients. Pain 55:
195-203, 1993

15. Kambin P, Cohen LF, Brooks M, Schaffer JL: Development of
degenerative spondylosis of the lumbar spine after partial
posterolateral discectomy. Comparison of laminectomy and
posterolateral discectomy. Spine 20: 599-607, 1995

16. Kim DH, Ryu KS, Kim MK, Park CK: Factors influencing
segmental range of motion after lumbar total disc replacement
using the ProDisc II prosthesis. J Neurosurg Spine 7(2):131-138,
2007

17. Kim WJ, Lee SH, Kim SS, Lee C: Treatment of juxtafusional
degeneration with artificial disc replacement (ADR): preliminary
results of an ongoing prospective study. J Spinal Disord Tech 16:
390-397, 2003

18. Le Huec JC, Mathews H, Basso Y, Aunoble S, Hoste D, Bley B,
Friesem T: Clinical results of Maverick lumbar total disc
replacement: two year prospective follow up. Orthop Clin North
Am 36:315-322, 2005

19. Leivseth G, Braaten S, Frobin W, Brinckmann P: Mobility of
lumbar segments instrumented with a ProDisc II prosthesis: A
two-year follow-up study Spine 1;31(15):1726-1733, 2006

20. Mayer HM: A new microsurgical technique for minimally
invasive anterior lumbar interbody fusion. Spine 22: 691-699, 1997

21. McAfee PC, Cunningham B, Holsapple G, Adams K, Blumenthal
S, Guyer RD, Dmietriev A, Maxwell JH, Regan JJ, Isaza J: A
prospective, randomized multicenter Food and Drug
Administration investigational device exemption study of total
disc replacement with the Charite artificial disc versus lumbar
fusion: part II: evaluation of radiographic outcomes and
correlation of surgical technique accuracy with clinical outcomes.
Spine 30: 1576-1583, 2005



22. Mixter WJ, Barr JS: Rupture of the intervertebral disc with
involvement of the spinal canal. N Engl J Med 211:210–215, 1934

23. Nachemson A, Zdeblick TA, O’Brien JP: Lumbar disc disease with
discogenic pain: What surgical treatment is most effective? Spine
21: 1835-1838, 1996

24. O'Leary P, Nicolakis M, Lorenz MA, Voronov LI, Zindrick MR,
Ghanayem A, Havey RM, Carandang G, Sartori M, Gaitanis IN,
Fronczak S, Patwardhan AG: Response of Charité total disc
replacement under physiologic loads: prosthesis component
motion patterns. Spine J 5(6):590-599, 2005

25. Ozer AF, Oktenoglu T, Sasani M, Bozkus H, Canbulat N,
Karaarslan E, Sungurlu SF, Sarioglu AC: Preserving the
ligamentum flavum in lumbar discectomy: A new technique that
prevents scar tissue formation in the first 6 months postsurgery.
Neurosurgery 59: 126-133, 2006

26. Prolo DW, Oklund SA, Butcher M: Toward uniformity in
evaluating results of lumbar spine operations: a paradigm
applied to posterior lumbar interbody fusion. Spine 11: 601-606,
1986

27. Rauzzino MJ, Shaffrey CI, Nockels RP, Wiggins GC, Rock J,
Wagner J: Anterior lumbar fusion with titanium threaded and
mesh interbody cages. Neurosurg Focus 15;7(6), 1999

28. Regan JJ: Clinical results of charite lumbar total disc replacement.
Orthop Clin North AM 36:323-40, 2005

29. Sasso R, Kenneth B, LeHuec J: Retrograde ejaculation after
anterior lumbar interbody fusion: Transperitoneal Versus
Retroperitoneal Exposure. Spine 28(10):1023-1026, 2003

134

Turkish Neurosurgery 2009, Vol: 19, No: 2, 127-134 Sasani: Total Disc Replacement in the Treatment of Lumbar Discogenic

30. Schofferman J: A prospective randomized comparison of 270
degrees fusions to 360 degrees fusions (circumferential fusions).
Spine 26: E207-212, 2001

31. Siepe CJ, Mayer HM, Heinz-Leisenheimer M, Korge A: Total
lumbar disc replacement: different results for different levels.
Spine 1;32(7):782-790, 2007

32. Striffeler H, Groger U, Reulen HJ: “Standard” microsurgical
lumbar discectomy vs. “conservative” microsurgical discectomy.
A preliminary study. Acta Neurochir 112: 62–64, 1991

33. Suk KS, Lee HM, Moon SH, Kim NH: Recurrent lumbar disc
herniation: Results of operative management. Spine 26: 672-676,
2001

34. Wild A, Jaeger M, Bushe C, Raab P, Krauspe R: Biomechanical
analysis of Graf’s dynamic spine stabilization system ex vivo.
Biomed Tech (Berl) 46:290-294, 2001

35. Williams RW: Microlumbar discectomy: a conservative surgical
approach to the virgin herniated lumbar disc. Spine 3: 175–182,
1978

36. Wilson DH, Harbaugh R: Microsurgical and standard removal of
protruded lumbar disc: A comparative study. Neurosurgery 8:
422–427, 1981

37. Yaşargil MG: Microsurgical operations for herniated lumbar disc.
Adv Neurosurg 4:81–82, 1977

38. Zigler JE: Lumbar spine arthroplasty using the ProDisc II. Spine J
4:260-267, 2004


