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INTRODUCTION
The treatment of symptomatic degenerative disc disease (DDD) 
is highly variable; it ranges from intensive rehabilitation to 
surgical stabilisation of the spine.(1) Although there have been 
recent advancements in biological therapy and other novel 
surgical treatments, the treatment of symptomatic DDD remains 
challenging and highly controversial.(2)

Traditionally, spinal fusion is performed on patients with 
painful lumbar DDD who did not respond to conservative 
management.(3-5) Removal of the disc and the subsequent 
fusion of the disc space eliminate the pain generator, leading to 
resolution of the pain. However, successful spinal fusion alters 
the biomechanical forces at the levels adjacent to the fusion 
site, thereby increasing the stress across the adjacent functional 
spinal units (FSUs). Artificial disc replacement (ADR) is designed 
to address the shortcomings of fusion surgery. It preserves and 
maintains normal motion in the FSUs adjacent to the fusion 
site. Preserving motion across the diseased spinal segments is 
desirable, as this would theoretically reduce the stress across 
the adjacent FSUs.

ADR is increasingly recognised as a viable treatment option 
to lumbar interbody fusion (LIF) for symptomatic DDD.(6,7) While 
much has been published in the literature on the outcomes of ADR 
compared to those of LIF in Caucasian patients,(6-9) few authors 
have published outcome studies based on Asian populations. 

The objective of the present study was to compare the clinical 
outcomes of ADR with those of transforaminal LIF (TLIF) in Asian 
patients with symptomatic DDD.

METHODS
The present study was approved by the local ethics committee. 
The hospital records of all patients who underwent single-level 
lumbar ADR or TLIF between 2002 and 2007 were retrieved and 
analysed. Patients with lumbar DDD and pure chronic lower back 
pain without radiculopathy that involved only the L4/5 spinal level 
or L5/S1 spinal level were included in the study. Each patient 
included had a discogram demonstrating concordant pain at the 
operated level. Patients who had multilevel disc involvement with 
concordant discogram pain at more than one level were excluded 
from the study. Patients were also excluded if they suffered from 
traumatic spine injuries, scoliosis, spondylolithesis, tumour and 
infection, and/or had surgeries involving spinal levels other than 
L4/5 and L5/S1.

The main selection criterion for patients undergoing ADR 
was isolated discogenic back pain with no clinical and magnetic 
resonance imaging evidence of facet disease. The risks and 
benefits of ADR and TLIF were explained to the patients prior 
to the surgery. Senior spine surgeons from the University Spine 
Centre, National University Hospital, Singapore, performed all 
the procedures in this study.
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A total of 74 patients matched the present study’s inclusion 
criteria. These patients were divided into two groups, namely 
the ADR group and the TLIF group. Based on the department 
protocol, the patients were reviewed at two weeks, three months, 
six months, one year, two years and five years after surgery. 
Additional follow-up sessions were left to the discretion of the 
surgeon.

In this study, all the patients who underwent ADR had a 
ProDisc-L (Synthes, Paoli, PA, USA) inserted. The ProDisc-L 
design is based on the ball-and-socket principle and comprises 
three implant components – two cobalt chrome alloy endplates 
and an ultra-high-molecular-weight polyethylene inlay. The 
ProDisc-L endplates have central keels and small spikes for 
initial fixation of the artificial disc to the vertebral bodies, and 
plasma-sprayed titanium coatings on all bone-implant interfaces 
for better bony ingrowth and stability.(10)

All ADR surgeries were performed with the patient in the 
lithotomy position. In some cases, upon the request of the spine 
surgeons, access surgeons were employed for retroperitoneal 
dissection and vessel preparation. The operation was done via the 
retroperitoneal approach at the level of the affected lumbar disc. 
Upon exposure of the disc, a Cobb elevator was used to separate 
the cartilaginous endplates from the subchondral bone, and the 
disc material was removed in a piecemeal fashion. The posterior 
longitudinal ligament was also removed. After appropriate sizing, 
the ProDisc-L was inserted under fluoroscopic guidance.

TLIF was performed via the standard open midline posterior 
approach. After insertion of the pedicle screws, unilateral 
facetectomy was done and the ligamentum flavum was removed. 
Discectomy was performed between the exiting and traversing 
nerve roots. An LIF cage filled with local autogenous bone graft 
was then inserted into the disc space. Connecting rods were 
applied to the pedicle screws, and compression between the 
spinal segments was performed to complete the TLIF procedure.

RESULTS
Among the 74 patients included in the present study, 54 underwent 
ADR and 20 underwent TLIF. The mean age of the patients in 
the ADR group was significantly lower than that of the patients 
in the TLIF group (34 years vs. 52 years; p < 0.05). A summary 
of the patients’ characteristics is shown in Table I.

The ADR group was found to have a significantly shorter 
operating time (p = 0.04) (Table II). There was a trend toward 
less blood loss and shorter hospital stay among the patients in 
the ADR group as compared to those in the TLIF group, although 
the results did not reach statistical significance. The perioperative 
outcomes of the two groups are listed in Table II.

In the present study, 54 (73.0%) patients (38 from the ADR 
group and 16 from the TLIF group) had follow-up for a minimum 
of two years. The TLIF group had a mean follow-up duration of 
7.43 (range 3.7–10.2) years, while the ADR group had a mean 
follow-up duration of 4.92 (range 2.1–9.3) years. Patients who did 
not complete at least two years of follow-up were excluded from 
subsequent analyses on surgical-approach-related complications 
and rate of revision surgery.

Surgical-approach-related complications were the most 
common complications encountered in the present study. The 
rate of surgical-approach-related complications in the ADR group 
was 16.7%, while that in the TLIF group was 5.0% (p = 0.192). 
Complications included peritoneal injuries (n = 5; 9.3%), 
superficial abdominal infection (n = 3; 5.6%) and retrograde 
ejaculation (n = 1; 1.9%). There was a single case of dura tear 
recorded during a TLIF procedure.

Patients with at least two years of follow-up (n = 54) were 
analysed for the rate of revision surgery. The rate of revision 
surgery in the ADR group was 4 (10.5%), while that in the TLIF 
group was 2 (12.5%) (p = 0.833). In the ADR group, one patient 
had facet osteoarthritis at the initial ADR level, while the other 
three patients complained of pain in the adjacent spinal levels. All 
four patients complained of persistent back pain after the initial 
ADR surgery. In the TLIF group, two patients developed painful 
spinal pathologies at the adjacent spinal levels after a pain-free 
interval. A  summary of the revision surgeries is presented in 
Table III.

DISCUSSION
The treatment goal for discogenic back pain is to remove the pain 
generator in the disc. This can be achieved either by replacing the 
diseased disc or by fusing the FSUs. Experiences from knee and 
hip replacement surgeries indicate that patients generally do better 
after joint replacement surgeries as compared to fusion surgeries. 
Also, as preserving motion across the diseased spinal segment 
is desirable and fusion increases the stress across the adjacent 
FSUs, replacement surgeries are generally favoured over fusion 
surgeries. Adjacent segment disease is also a problem for fusion 
patients. In a study of 149 patients who underwent LIF, Gillet 
found that 41% of the patients developed abnormal adjacent 

Table I. Comparison of preoperative characteristics of the patients 
in the artificial disc replacement (ADR) group and the patients in 
the transforaminal lumbar interbody fusion (TLIF) group.

Characteristic No. of patients

ADR group (n = 54) TLIF group (n = 20)

Age* (yr) 34 (21–55) 52 (37–70)

Gender

Male 41 10

Female 13 10

Surgery at L4/5 21 14

Surgery at L5/S1 33 6

*Data presented as mean (range).

Table II. Comparison of the perioperative outcomes of the patients 
in the artificial disc replacement (ADR) group and the patients in 
the transforaminal lumbar interbody fusion (TLIF) group.

Perioperative outcome ADR group 
(n = 54)

TLIF group 
(n = 20)

p‑value

Mean operating time (min) 185.6 215.3 0.04*

Mean drop in haemoglobin (g/dL) 1.8 2.3 0.38

Mean length of hospital stay (day) 6.1 6.5 0.21

Mean time to ambulation (day) 2.9 3.6 0.07

*p-value < 0.05 is considered statistically significant.
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lumbar motion segments after spinal fusion and 20% needed a 
secondary operation for extension of the fusion.(11)

The efficacy of ADR in preserving spinal motion is well 
documented in the literature. In a prospective, randomised trial of 
237 patients, which compared two-level ADR with circumferential 
arthrodesis, Delamarter et al noted preservation of the lumbar 
flexion-extension motion after ADR.(12) The range of motion of the 
superior and inferior discs on radiographic examination averaged 
7.8° and 6.2°, respectively.(12) Similarly, Zigler et al observed 
improved postoperative forward and lateral bending on clinical 
examination of the patients from the ADR group as compared to 
those from the fusion group.(13) Huang et al studied the correlation 
between the range of motion of the lumbar spine and clinical 
outcomes in 38 patients who underwent ADR with PRODISC I; 
they demonstrated weak to moderate Spearman rank correlation 
association between the range of motion and clinical outcomes.(14) 
Compared to spinal fusion surgery, the motion-preserving ability of 
ADR can potentially decrease adjacent spine segments disease.(8,15)

Other than preserving motion in the spine, ADR has many 
other advantages over fusion surgery in the treatment of lumbar 
spinal pathologies (e.g. avoiding surgical complications that are 
associated with posterior surgical approaches and the use of 
iliac crest bone grafts).(9,13,16) In addition, ADR has been shown 
to be an efficient treatment modality in symptomatic DDD in 
both short- and mid-term studies.(17-20) Zigler et al observed better 
early outcomes and earlier ambulatory status in patients who 
underwent ADR as compared to those who underwent lumbar 
fusion.(13) In a meta-analysis of ADR versus fusion for lumbar 
DDD, Yajun et al also noted better postoperative functional 
status (with less back and leg pain) and higher satisfaction rates 
in the ADR group than in the lumbar fusion group at the two-year 
follow-up.(21) As the measures of disability, pain and neurological 
status were similarly improved from baseline in both the ADR 
and TLIF groups at five years after treatment, some authors have 
concluded that ADR surgery using ProDisc-L was not inferior to 
fusion surgery in the treatment of single-level lumbar DDD.(22)

Although the short- and mid-term results of ADR have been 

shown to be positive, the long-term benefit of ADR surgery over 
fusion surgery in lumbar DDD has not been proven conclusively. 
While patients with chronic discogenic back pain treated with 
ADR surgery have shown small but statistically significant clinical 
improvements as compared to those treated with fusion surgery, 
these improvements may not be clinically relevant.(23) In addition, 
there is a lack of information on the effect ADR surgery has on 
adjacent disc disease in current trials that compare ADR surgery 
with fusion surgery. These shortcomings may limit the widespread 
use of ADR in the treatment of chronic lower back pain.

The rate of surgical-approach-related complications in ADR 
ranged from 2.1% to 18.7%, while reoperation at the index level 
ranged from 1.0% to 28.6%.(24) In the present study, there was a 
trend toward more surgical-approach-related complications in the 
ADR group (16.7%) as compared to the TLIF group (5.0%). The 
higher surgical-approach complication rate could have been due 
to the steep learning curve of ADR surgery. In other words, the 
higher surgical-approach complication rate could possibly have 
been reduced with more surgical experience and/or the use of a 
dedicated group of access surgeons.

In the present study, the surgical revision rate was similar 
between the ADR group and the TLIF group (10.5% vs. 12.5%, 
p = 0.833). These revision surgeries were mainly due to long-term 
spinal pathology progression (e.g. adjacent motion segment disease 
and facet arthropathy) or spinal pathologies that were inadequately 
treated initially. Our data suggested that the recurrence of lower 
back pain in the ADR group generally occurred within the first 
operative year, whereas patients in the TLIF group generally 
remained well for the first few years. Further studies are needed to 
elucidate the root cause for reoperation at the index level.

Ultimately, the key to a successful outcome in surgically 
treated patients with lumbar DDD lies in careful patient selection; 
this is true for both TLIF and ADR surgeries. Unlike TLIF, ADR 
targets the painful disc. As ADR cannot address spinal pathologies 
such as instability and facet arthropathy, the ideal candidate for 
ADR should have a single black disc on magnetic resonance 
imaging, with concordant disc pain, and no evidence of facet 

Table III. Summary of the revision surgeries conducted on the patients in the artificial disc replacement (ADR) group and the transforaminal 
lumbar interbody fusion (TLIF) group.

Patient Initial 
operation

Pain‑free 
interval

Revision 
operation

Pathological findings Post‑revision 
status

Remarks

ADR 1 L4/5 ADR 1 yr L4/5 TLIF L4/5 facet osteoarthritis 
on CT image

Pain‑free at 
last follow‑up

Patient responded to L4/5 facet block

ADR 2 L4/5 ADR 6 mth L5/S1 ADR L5/S1 DDD Pain‑free at 
last follow‑up

Initial preoperative MR image showed L4/5 
and L5/S1 DDD, with concordant pain at L4/5

ADR 3 L4/5 ADR 6 mth L4/5 posterior 
decompression, 
L5/S1 TLIF

L5/S1 facet osteoarthritis, 
L4/5 facet osteoarthritis 
and scar tissue

Pain‑free at 
last follow‑up

Initial postoperative MR image showed facet 
joint osteoarthritis and scar tissue at L4/5, 
and L5/S1 facet osteoarthritis

ADR 4 L4/5 ADR 2 wk L5/S1 TLIF L5/S1 spondylolithesis Persistent pain 
after revision 
operation

Patient underwent L3/4 and left L2 medial 
branch block for additional pain control two 
years after the revision operation

TLIF 1 L4/5 TLIF 4 yr L3/4 TLIF L3/4 DDD Pain‑free at 
last follow‑up

–

TLIF 2 L4/5 TLIF 5 yr L3/4 TLIF, L4/5 
revision TLIF

L3/4 spondylolithesis with 
spinal stenosis

Pain‑free at 
last follow‑up

–

CT: computed tomography; DDD: degenerative disc disease; MR: magnetic resonance
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joint arthropathy. Unfortunately, due to the imprecise nature of 
identifying pain generators in the spine,(25,26) patient selection can 
be challenging. It is difficult to predict with certainty which patient 
will respond positively to ADR surgery. In the present study, 
ADR patients 1 and 3 (Table III) exemplified how challenging it 
is to identify pain generators in the spine. Both of these patients 
continued to have pain at the operated level, even after ADR, 
due to underlying facet osteoarthritis.

One major limitation of the present study is the significant 
difference in the mean ages of the patients in the ADR group 
and the TLIF group; on average, patients in the ADR group were 
younger than those in the TLIF group. Generally, motion-sparing 
surgery in the lumbar spine is performed in younger patients 
and this accounted for the disparity in the mean ages of the two 
groups. The other limitation is the small cohort size. While the 
cohort size was larger than the 58 patients required based on 
power analysis,(27) only 54  (73.0%) patients were included in 
the final analysis, as some were lost to follow-up. Despite these 
limitations, the present study is the first to compare ADR surgery 
with TLIF surgery for discogenic back pain in an Asian population.

In conclusion, while the use of ADR was associated with 
shorter operating time and a trend toward less blood loss and 
shorter hospital stay, there was a trend toward more surgical-
approach-related complications. As the latter is possibly due 
to a lack of experience in exposing the anterior spinal column, 
the use of a dedicated group of access surgeons should be 
considered. For the treatment of discogenic back pain, ADR was 
found to be as effective as TLIF in carefully selected patients; 
the rates of reoperation at the index level for the two groups 
were comparable. The long-term benefits of ADR in preventing 
adjacent level disc degeneration remain unproven. Additional 
studies with larger cohort sizes and longer follow-up periods are 
required to determine the long-term efficacy and safety of ADR 
in lumbar DDD.
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