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Abstract

BACKGROUND CONTEXT: Given the experience with anterior lumbar cages, the similar
enthusiasm for total disc replacement (TDR) and the economic incentives driving use of this
new technology, it is important to document reasonable expectations as to the incidence of patients
with appropriate indications for this new technology.
PURPOSE: To document epidemiological data for the indications and contraindications to total
disc replacement (TDR) to guide expectations for use of this new technology.
STUDY DESIGN/SETTINGS: Retrospective evaluation of contraindications and indications for
lumbar TDR in consecutive symptomatic patients presenting to an academic spine practice.
PATIENT SAMPLE: Six hundred twenty-seven consecutive symptomatic patients presenting to
an academic spine service.
OUTCOME MEASURES: Presence of contraindications to lumbar TDR based on Food and Drug
Administration criteria.
METHODS: Over a year, 627 new patients were evaluated by the only orthopedic spine surgeon
on faculty at a major university. 131 underwent lumbar surgeries. Surgical patients were divided
into Group 1 (57 patients who had fusions) and Group 2 (74 patients who had nonfusion surgeries).
The incidence (period prevalence) and prevalence (point prevalence) of indications for and contraindications to TDR were documented.
RESULTS: The incidence of indications for TDR was 0.5% (3/627). The prevalence of no contraindications to TDR in the fusion Group 1 was 5% (3/57). Overall, 9% (3 fusion and 9 nonfusion)
had no contraindications to TDR and the same percentage satisfied indications for TDR. However,
96% (71/74) of Group 2 patients considered themselves satisfied with laminectomies and laminotomies. The combined average number of contraindications to TDR was 2 (SD, 1.33) (range, 0–6).
For Group 1, it was 3 and 1 for Group 2 ( p!.5).
CONCLUSIONS: Despite early enthusiasm for TDR replacing fusion, there was only a 0.5%
incidence of indications for TDR in the overall population and a 5% prevalence in the fusion
patients, but the majority were in young patients who averaged about 38 years old. The absence
of contraindications for TDR did not equate to indications for TDR because other nonfusion techniques exist. Based on the history of the introduction of other new spinal technologies and the fact
that the current criteria for TDR seems to result in a relatively small number of eligible patients,
there is risk of overuse of this new technology. Ó 2007 Elsevier Inc. All rights reserved.
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Spinal fusion was introduced in 1911 by Albee [1] and
Hibbs [2] to immobilize the spine for the treatment of tuberculous spondylitis. During the ensuing years, the techniques and technologies have changed along with
broadening of the indications such that there are currently
over 450,000 lumbar and cervical spinal fusions performed
annually in the United States [3,4]. However, because
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fusion is associated with on average only around 76% clinical success, long recuperation period, risks of adjacent
level degeneration, graft donor-site morbidity, and pedicle
screw-related complications [4–9], there is increasing enthusiasm for nucleus replacement devices [10–27] as an
alternative to spinal fusions with the hope of avoiding these
complications as well as duplicating the favorable results
seen with hip and knee arthroplasty [28]. On October 26,
2004, the Food and Drug Administration (FDA) approved
the first lumbar total disc replacement (TDR) (Charité,
Depuy Spine, Raynham, MA) in the United States, and current FDA clinical trials are nearing completion on other
TDR devices. Early Level III to IV case series data from
the European experience with the Charité prosthesis
showed good to excellent clinical success of between
63% to 90%, whereas data from a FDA prospective
randomized study showed 73.7%, which on average is
equivalent to fusion but with faster recovery time and no
need to harvest iliac crest graft [29–32]. As a result of
the enthusiasm by venture capitalists and spine implant
companies for total disc replacements, it is speculated that
by 2010 70% of the spinal procedures performed in the
United States may include some form of disc arthroplasty
[3]. Recent estimate from internal data at Depuy Spine
(Depuy Spine, Raynham, MA) report worldwide Charité
implant of approximately 20,000 but only 7,000 in the
USA since the FDA approval.
Similar enthusiasm had led to the implantation of 10,000
stand-alone BAK (Zimmer Spine, Minneapolis, MN) anterior interbody cages within 2 years after an expedited FDA
approval on September 20, 1996, only to be followed by
mixed outcomes [33,34]. Subsequently, the prevailing consensus regarding spinal fusions is that outcomes seem to be
closely dependent on appropriate indications and patient
selection [4–9].
The claim that TDR will replace spinal fusion led Huang
et al. [35] to study the prevalence of contraindications to
TDR in a cohort of 100 patients treated by one spine
surgeon in a group of spinal surgeons at their institution.
Despite biases in their methodology, they showed a 95%
prevalence of contraindications and concluded that only
5% of patients had indications for TDR. Wong et al. [36]
retrospectively reviewed 100 consecutive fusion patients
and showed that 100% of fusion candidates had one or
more contraindication for TDR with an average of 3.69
contraindications per patient. Given the experience with
cages and the similar high level of enthusiasm for TDR
coupled with the large economic incentives by the implant
companies and vested surgeons to drive use of this technology, it is important to establish reasonable expectations as
to the incidence of patients with appropriate indications
for TDR. The purpose of this study was to document early
epidemiological data for the indications and contraindications to TDR to guide expectations for use of this new technology. We hypothesized that majority of patients currently
indicated for spinal surgery and fusions are not candidates
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for TDR, and the absence of contraindications for TDR
does not equate to indications for TDR.

Methods
Patient population and data collection
We performed a retrospective review of the medical records of 131 consecutive patients, mean age of 47.3 years
(range, 20–88 years), who underwent lumbar surgery by
one spine surgeon. The cohort of surgical patients was
taken from patients directly referred to the same surgeon
with either surgical indications or as new routinely scheduled patients in the spine clinic of the surgeon from July
10, 2003, to July 20, 2004, inclusive. Surgical patients were
also included whose first evaluation was within this time
period, although their surgeries were after July 20, 2004.
Six hundred eighteen new patients were seen in the clinic
during this period, and 9 were directly referred for surgery,
for a total of 627 patients. The surgical patients were divided into fusion and nonfusion subgroups to determine
the percentage of patients in either group who could have
been candidates for a total disc replacement instead.
Patients were divided into two surgical groups. Group 1
consisted of 57 patients, 21 men and 36 women, who had
fusion and Group 2 consisted of 74 patients, 38 men and
36 women, who had nonfusion lumbar surgeries. The spine
surgeon during this period did not have any inclusion or exclusion criteria for screening incoming patients nor had any
established referral pattern since he had just joined the faculty from another state and was the only spine surgeon on
the academic faculty in the department of orthopaedics at
this major university. There were also no marketing efforts
for patients. The surgeon documented patient diagnoses,
radiographic findings, and procedures performed on all
the patients. All 131 medical records and radiologic studies
were available for further critical analysis by the surgeon
for the purposes of this study.
Surgical indications
All patients underwent appropriate preoperative evaluations by a multidisciplinary team that included the spine
surgeon, before being considered for surgery. This included
appropriate radiologic and laboratory studies and medical
clearance. At a minimum, each patient underwent a physical
examination and review of plain radiographs and MRI by
the spine surgeon. Patients in Group 1 and 2 had minimum
of 4 to 6 months of nonoperative therapy except Group 2
patients with acute herniated discs who had minimum 6
weeks of nonoperative therapy. These included physical
therapy, medications, behavioral activity modifications,
back school, lumbosacral stabilization therapy, orthotic
management, spinal injections, acupuncture, and chiropractice manipulation.
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Table 2
Prevalence of contraindications to TDR in fusion and nonfusion groups

Data analysis and statistics
The surgical procedures performed in each group were
documented and compared (Table 1). Because there are
theoretical benefits to TDR as a nonfusion option, we
wanted to determine if patients in Group 2 who had current
nonfusion techniques were satisfied. We elected not to compare satisfaction levels with Group 1 fusion patients given
the many shortcomings of lumbar fusion and the multiple
treatment and outcome variables that determine satisfaction
in fusion patients.
The patients in Group 2 were asked if they were satisfied
with their outcome and if they felt the surgery was beneficial. The number of contraindications for total disc replacement in each group were documented and compared
between each group (Table 2). Because degenerative disc
disease is an existing condition, versus a new occurrence
of a disease, at the time of evaluation, period prevalence
and point prevalence may be considered more appropriate
terms, but from the perspective of the surgeons these were
new patients presenting to the spine clinic, and therefore incidence and prevalence were used in this report interchangeably with period prevalence and point prevalence,
respectively. The incidence was defined as the number of
existing cases during the study period divided by the total
number of patients at risk (627). The prevalence was defined as the number of existing case at a given time among
the lumbar surgical patients (131). The incidence and prevalence of indications for and contraindications to total disc
replacement were calculated for each subgroup and for the
entire population. The mean, standard deviation, and range
of the number of indications and contraindications present
in patients from each group was also calculated. The data
was analyzed by using Microsoft Excel 2002 (Microsoft
Inc., Redmond, WA). Statistical comparisons were made
by using a Student t test with statistical significance defined
as p!.05. Where applicable, data are presented along with
standard deviations.

Contraindications
Central or lateral recess
stenosis
Facet arthrosis
HNP with neural
compression
Spondylolisthesis
Spondylolysis
Scoliosis
Osteopenia
Postsurgical deficiency
of posterior elements
Interbody pseudoarthrosis
Age !18
Age O60
Any contraindication

Fusion group
(%) (n557)

Nonfusion group
(%) (n574)

42 (74)

19 (26)

32 (56)
4 (7)

5 (7)
53 (72)

25
8
10
15
11

(44)
(14)
(17)
(26)
(19)

6 (10)
0
20 (35)
49 (86)

0
0
2 (3)
3 (4)
3 (4)
0
0
6 (8)
65 (88)

inclusive of those used in the comparative study by Huang
et al. for the purposes of comparisons [10–27,35–41]
(Tables 2 and 3).
Contraindications to total disc replacement
Because TDR is intended mainly for correcting pain
pathology of the disc, like Huang et al. [35], we considered
contraindications under two broad categories that included
painful conditions not caused by the disc and conditions
that may compromise the long-term stability of the disc.
In the first category were conditions that related to neural
compression or facet pathology such as, central and lateral
recess stenosis, facet arthrosis, facet cyst, or herniated disc
causing radiculopathy. In the second category were conditions such as spondylolisthesis, spondylolysis, deficiency
of posterior elements, deformity, or deficiency of endplate
structural integrity (osteopenia, osteoporosis, and interbody
pseudoarthrosis).
Indications to total disc replacement

Selection for TDR
There is controversy regarding the selection criteria for
TDR. We used indications and contraindications used in
the FDA trial for the Charité total disc replacement and

The typical patient had low back pain with or without
nonradicular leg pain, no contraindication to TDR, and
had discogram-positive disc degeneration at only single
Table 3
FDA Indications for TDR

Table 1
Surgical procedures performed
Procedure

Fusion group
(%) (n557)

Nonfusion group
(%) (n574)

Decompressive laminectomy
Decompressive laminotomy
Discectomy
Fusion
Removal of hardware

42
0
31
57
1

34
42
53
0
2

(74)
(54)
(100)
(2)

(50)
(57)
(72)
(3)

Values are actual numbers and percent of patients in fusion and nonfusion groups who underwent various procedures rounded to nearest whole
number.

Single-level degenerative disc disease between L4–S1 confirmed by
myelogram/CT or MRI followed by discogram
Discogenic low back pain at the operative level with concordant pain upon
provocative discogram
Back and/or leg pain (usually above the knees) without nerve root
compression
18!age!60
Oswestry Disability Index (ODI) score $30
Pain on visual analog score $40
Failed $6 months of conservative therapy
No contraindications
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or two intervertebral levels at L3–4, L4–5, or L5–S1 [39].
Because foraminal stenosis alone may be corrected with
restoration of disc height by a TDR, it was not considered
a contraindication by itself [22,39]. In the absence of other
contraindications listed earlier, intervertebral disc height of
at least 4 mm, with or without scarring, and thickening of
annulus fibrosis with osteophytes indicating osteoarthritis
were considered indications for TDR [39].
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of indications for TDR would increase to 66% (49/74) in
the nonfusion group and 37.4% overall.
The overall average number of contraindications to TDR
was 2 (SD, 1.33) (range, 0–6). The average number of contraindications to TDR in the fusion subgroup was 3 (SD,
1.46) (range, 0–6) and 1 (SD, 0.57) (range, 0–4) in the
nonfusion group.

Discussion
Results
The incidence of lumbar spine surgery was 20.9% (131/
627). The incidence of indications for TDR in the overall
population was 0.5% (3/627).
Contraindications
In the fusion Group 1, 5% (3 of 57) of patients had no
contraindications to TDR. In the nonfusion Group 2, 12%
(9/74) of patients had no contraindications to TDR. Overall,
9% (12/131) had no contraindications to TDR. The mean
age of the patients with no contraindications to TDR was
38 (range, 36–42 years) in the fusion Group 1 and 45.1
(SD, 6.8; range, 37–59 years) in the nonfusion Group 2.
Overall, the patients in Group 1 were significantly older
than those in Group 2 with an average age of 57.2 years
(SD, 14; range, 23–82 years) in Group 1 compared with
41.9 years (SD, 14; range, 20–88 years) in Group 2. If
two-level degenerative disc between L4–S1 was not a contraindication then in the fusion Group 1, 14% (8/57)
patients would have no contraindications to TDR.
Indications
Group 1 (fusion)
In the fusion group, all three patients with no contraindication to TDR were also indicated for TDR and all three
underwent interbody fusion. Therefore, the prevalence of
indications for TDR remained the same at 5% (3/57) in
the fusion group.
Group 2 (nonfusion)
In the nonfusion group, 12% (9/74) had indications for
TDR, which was equal to the number of patients with no
contraindications. However, only 4% (3/74) of the nonfusion patients were not satisfied and therefore had the potential to have had better outcome if they had chosen a TDR.
The combined prevalence of indications for TDR in the
lumbar surgery group was 9% (12/131). The patients who
would have possibly benefited from a TDR were the 3 fusion and 3 dissatisfied nonfusion patients (4.6% [6/131]).
Although all the patients with herniated discs had primarily
leg pain, each had some low back and buttock complaints.
If these patients with herniated discs and low back complaints were considered candidates for TDR, the prevalence

The current climate of enthusiasm for TDR is reminiscent of that seen during the ‘‘cage rage’’ era after the
FDA approved the anterior interbody cage. However, the
mistakes and lessons learned from that experience should
compel us to seek ways to establish strict criteria for selecting patients with appropriate indications and to establish
epidemiological data to guide expectations with this new
technology. Huang et al. [35] initiated the first epidemiologic study to assess prevalence of contraindications to
TDR in a group of 100 patients with degenerative spine
conditions referred to one surgeon. They found that 95%
of patients had one or more contraindications to TDR. Although it was an important study for initiating interest in
the epidemiology of TDR, it was criticized for having many
shortcomings. The study was biased by the referral pattern
of the surgeon who already had an established practice that
rarely included patients with isolated degenerative disc
disease without neural compression. Proponents of TDR
would argue that such patients would be ideal candidates
for TDR, and hence the prevalence should be higher. In
contrast, the lack of contraindications to TDR does not
mean a TDR was indicated, and thus the 5% prevalence
of indications for TDR inferred from their study may be inflated. In addition, the surgeon had been enrolled for 1 year
in a FDA trial of the ProDisc (Synthes, Paoli, PA) and
therefore may have a higher number of referrals for patients
likely to have indications for TDR. The short period of time
that it took to perform 100 fusions suggested a highly selective referral pattern. Finally, the study did not address incidence of indications for TDR that would have been a useful
benchmark for comparison among other centers.
Our study attempted to address the criticisms of that
study as well as be the first to report the incidence of indications for TDR in an academic referral practice before
TDR becomes widespread and the opportunity to limit referral biases is lost. We examined a larger cohort of patients
without any established referral pattern or any screening
criteria for spinal complaints. All patients referred to orthopedics were scheduled to see one surgeon, and there was no
marketing information to contaminate our data.
We considered contraindications under two broad categories that included painful conditions not caused by the
disc and conditions that may compromise the long-term
stability of the disc. TDR has been shown to be unable to
correct central and lateral recess stenosis [18–22]. Facet
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arthrosis is widely accepted as a contraindication because
a TDR does not address the pathology and over time will
likely lead to worsening pain likely because of facet innervation or facet hypertrophy leading to lateral and subarticular stenosis [8–23,27]. These findings have been reported
by several authors who have performed TDR in patients
with mild facet arthrosis [20,23,37]. Conditions that may
lead to unstable forces on the TDR and subsequent mechanical failure such as spinal deformity and instability are considered contraindications [13,18–22,42]. Factors affecting
the endplates such as osteoporosis risks subsidence of the
implant with time and subsequent failure [13,18–22,40]. Interbody pseudoarthrosis also risks endplate integrity and
has been considered a contraindication to TDR [21].
Although we along with other authors considered herniated nucleus pulposus with neural compression as a contraindications [19,20,35], Zigler et al. [21] listed this condition
as an indication, although they did not comment specifically on nerve root compression. According to Zigler
et al. [21], the anterior discectomy can be extended back
past the annulus fibrosis, where most surgeons would stop,
to the posterior longitudinal ligament to remove herniated
disc material. It is unknown whether even this aggressive
of an anterior discectomy will consistently address all herniated discs and especially extruded and sequestered fragments. Tropiano et al. [16] listed sequestered herniated
disc that could not be decompressed from the front as a contraindication in their series but did not mention other exclusion criteria for herniated discs.
The study by Huang et al. [35] did not include obesity
and old age as contraindications, and we did the same in
this study. According to their argument, weight has not
been statistically correlated to radiographic [41] outcomes
after TDR, and there are also no supportive clinical studies.
Their argument also stated that age in the absence of other
contraindications need not be a limiting factor [38]. However, others have considered obesity and old age as contraindications [18,19,39]. McAfee [39] listed age 18 to 60
years, optimally below 50 years as indications suggesting
that those outside this age range are contraindicated. Without supportive data for these criteria, we listed the occurrences of age less than 18 and greater than 60 in our
table of contraindications for completeness but only considered age !18 as a contraindication for TDR.
Our data showed a 0.5% incidence of indications for
TDR in this population. Using similar criteria for contraindications as those reported by Huang et al. [35], the prevalence of no contraindications to TDR in the fusion group
was 5% (equal to the 5% reported by Huang et al. [35]),
12% in the nonfusion group, and 9% in the combined lumbar surgery patients. The overall prevalence result in the
lumbar surgery patients is substantially higher than the
5% found by Huang et al. [35], but the incidence and prevalence results are still low and suggested that unlike joint
arthroplasty TDR may not replace all spinal fusion surgeries. In addition, the number of contraindications to TDR

also rose with age thus TDR may become a technique for
young patients in whom TDR has to compete with established motion-sparing techniques such as laminotomies
and laminectomies. Furthermore, other motion-sparing
technologies are entering the market that will also compete
with TDR among younger patients [43–45].
We found that 96% (71/74) of the patients undergoing
current nonfusion surgeries such as laminectomies and laminotomies considered themselves satisfied despite a 12% (9/
74) prevalence of no contraindication to TDR. Only 4% (3/
74) of nonfusion patients felt dissatisfied who had no contraindications to TDR and probably could have benefited
from a TDR. One went on to a fusion. A TDR may have
produced similar or 100% success rate in the nine nonfusion patients with no contraindication to TDR, but the six
satisfied patients would have had an unnecessary TDR in
place of safer and more established motion sparing surgeries. It is noteworthy that the nonfusion patients did not satisfy the FDA criteria for TDR. This result confirmed that
the absence of contraindications to TDR does not equate
to an indication for TDR over other motion-sparing techniques and thus limiting the selection to patients who will
be best treated with a TDR over other methods may decrease the rate of use of TDR.
Based on the history of the introduction of other new
spinal technologies and the fact that the current criteria
for TDR seems to result in a relatively small number of eligible patients, there is risk of overuse of this new technology. For instance, aggressive marketing by a practice for
TDR candidates could affect the incidence of indications
above that found in our study because we did not market
TDR surgery to our patients or referring physicians. The
0.5% incidence may therefore represent a baseline estimate
and could have been higher especially with changes in the
list of contraindications. For example, broadening the indications such as to include patients with herniated disc with
low back pain may represent the largest pool of patients
currently not indicated for TDR that could increase the
prevalence of TDR patients. There are reasons to believe
that this may already be the case [16,18]. For instance, if
herniated discs with low back pain were not contraindications, the prevalence would increase to 66% (49/74) in
the nonfusion group and 37.4% overall.
Our contraindications excluded postsurgical patients
who had laminectomies and radiographic evidence of facet
arthritis. However, there are no randomized clinical trials
on which to base this decision. Furthermore, changes in
the technology such as in the amount of constraint may
eliminate these contraindications. For instance, if future designs were developed to be protective of the facets, they
could potentially slow disease progression or reverse hypertrophic changes. Additionally, the degree of constraint may
allow for the treatment of instability. TDR with balland-socket designs will have greater resistance to shear
forces [41,42] and may be able to maintain stability after
laminectomies and in patients with spondylolisthesis or
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spondylolysis. Coupling TDR with posterior dynamic stabilization devices has theoretical benefits and has not been
tested to date but has the potential to broaden the indications to include instability [43–45]. These are areas for future biomechanical studies and could possibly increase the
pool of patients indicated for TDR.
In summary, although it is improbable to control for all
biases in an epidemiological study to look at indications
and contraindications for TDR, we improved on the shortcomings of the only prior study to address epidemiological
data for TDR [35]. All three hypotheses were proven to be
true. The majority of patients undergoing spinal surgeries
and fusions were not candidates for TDR, and patients with
no contraindications to TDR were not necessarily indicated
for TDR.
Although it was anticipated by industry and venture capitalists that TDR will replace spinal fusion for discogenic
low back pain, it is unlikely that other disorders currently
treated with spinal fusion will be replaced by TDR especially in patients older than 65 years. It is more likely that
practices have to proactively seek methods to increase the
rate of TDR surgeries. However, we risk increasing the
number of complications and poor outcomes and as such,
patients, the FDA, and lawyers will ultimately determine
the frequency of TDR surgeries similar to what occurred
with early pedicle screw fixation [12,17,27,38]. Already
we see insurance companies denying payments for TDR
surgeries, and this has had a chilling effect on the rate of
adoption of this treatment. Furthermore, the claim that
TDR may be equivalent or even better than fusion has
not been substantiated by long-term follow-up [32]. It is
hoped that the data in this study will provide some guide
as to the expectations for the pool of patients indicated
for TDR surgery and that there will be greater emphasis
on indications and patient selection more so than on technique and economics.
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