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Study Design. Case series
Objective. The aim of this study was to assess the patientreported outcome measures (PROMs) and patient satisfaction of
multilevel lumbar total disc arthroplasty (TDA) for symptomatic
multilevel degenerative disc disease (MLDDD).
Summary of Background Data. TDA has been shown to be
safe and effective for the treatment of symptomatic single level
degenerative disc disease. There is minimal PROMs data on the
mid- to long-term outcomes of multilevel TDA constructs.
Methods. Prospectively collected PROMs were analyzed from
patients receiving multilevel TDA for symptomatic MLDDD.
Data were collected preoperatively and postoperatively at 3, 6,
and 12 months, then yearly. PROMs included patient satisfaction, Visual Analog Score back and leg, Oswestry Disability
Index, and Roland-Morris Disability Questionnaire.
Results. One hundred twenty-two patients (77 men, 45 women)
who had preoperative and at least 24-month follow-up data
were included. The average age was 42  8.2 years (range 21–
61) and mean follow-up 7.8 years (range 2–10). The majority
received two-level TDA, except two patients (1.6%) who
received three-level TDA. The two- to three-level TDA’s were at
the levels L3–4, L4–5, and L5-S1, whereas most two levels
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(n ¼ 110, 90.2%) were at L4– 5 and L5-S1; the remainder
(n ¼ 10, 8.2%) being at L3–4 and L4–5. Implants used were
Charité (DePuy Spine, Raynham, MA) in 119 patients (240
levels) and InMotion (DePuy Spine) in 3 patients (6 levels).
Improvement in pain and disability scores were both clinically
and statistically significant (P < 0.001), and this improvement
was sustained in those patients over the course of their followup. Ninety-two percent of patients reported good or excellent
satisfaction with treatment at final review.
Conclusion. Multilevel TDA constructs for MLDDD demonstrate favorable and sustained clinical outcomes at mid- to longterm follow-up.
Key words: arthroplasty, artificial disc, back pain, bisegmental,
degenerative disc disease, lumbar spine, motion preservation,
multilevel disc arthroplasty, total disc replacement.
Level of Evidence: 4
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‘‘

pinal pain’’ or ‘‘nonspecific low back pain’’ are
symptoms influenced by structural, biomechanical,
biochemical, medical, psychosocial, and compensable factors that can result in dilemmas of diagnosis and
management of such complexity that treatment may be
rendered ineffective. Distinct from ‘‘low back pain,"
degenerative disc disease (DDD) causing discogenic pain
is a specific diagnosis and, therefore, can be treated nonoperatively or, when conservative care fails, operatively.1
The diagnosis is made from a combination of a clinical
history, physical examination, radiological investigations,
such as magnetic resonance imaging (MRI), and discriminating provocative discography with postdiscography
computed tomography (CT) scans.2,3 Other authors have
also found electrophysiological studies,4 MR spectroscopy5,6 and SPECT scanning7 adjunctive in supporting a
diagnosis.
Basic science studies have confirmed the validity of the
model of internal disc disruption and the DDD cascade,
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which can result in discogenic pain from biomechanical,
chemical, and neural factors.2 Surgical solutions for multilevel degenerative disc disease (MLDDD) aim to stabilize
the painful motion segments by removal of part or all of the
sensitized discs. The benefit of the anterior lumbar approach
is its ability to allow complete disc resection via a rectus
splitting retroperitoneal approach, and thus avoiding injury
to the dynamic stabilizers. This allows the disc height and
lordosis to be restored anatomically through parallel distraction techniques. Static or dynamic stabilization devices
can be inserted; however, determining the best device has
been associated with contentious debate over several decades with the options for MLDDD from an anterior approach
including multilevel anterior lumbar interbody fusion,
hybrid fusion with lumbar total disc arthroplasty (TDA)
surgery8 and multilevel TDA.9 The complexity of treating
MLDDD with fusion techniques escalates the technical
skills required of the surgeon, increases the risk of adverse
events and produces challenges such as pseudarthrosis and
adjacent motion segment degeneration (AMSD), rotatory
instability, and sagittal imbalance.10,11
Lumbar TDA is now an established technology, which
has clinical equipoise in reducing pain and improving function and a relatively reduced incidence of AMSD compared
with fusion.7,12–14 Conflicting results have been reported
for multilevel TDA, with reports of comparatively higher
levels of complications, postoperative pain, and inferior
outcomes to single-level TDA.15,16 However, others have
found that complications arising from multilevel TDA are
often related to previous surgeries17 and equivalent18 or
even superior outcomes19 have been reported when compared with single-level TDAs. The technique of performing
multilevel TDA requires an anterior lumbar surgery skillset,
including training in retro- and transperitoneal approaches,
adequate skills in vessel mobilization/repair, disc clearance,
intervertebral tension balancing, and, finally, obtaining
both rotatory and coronal stability. Progression to surgical
competence in multilevel TDA generally evolves from prior
mastery of single-level TDA techniques and where a volumeperformance threshold exists.20
The aim of this case series was to assess the efficacy of
multilevel TDA in the treatment of symptomatic MLDDD
through analysis of patient-reported outcome measures
(PROMs) and patient satisfaction. It is hypothesized that
patients who are carefully selected and appropriately treated
will achieve favorable outcomes over the mid- to long-term
with multilevel TDA.

MATERIALS AND METHODS
Patients with symptomatic MLDDD who underwent
multilevel lumbar TDA between April 1999 and
January 2009 were identified and their PROMs analyzed.
Patients with subsequent revision procedures were excluded
from the analysis. This study was approved by the
Bond University Human Research Ethics Committee
(0000015881).
Spine
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All participants suffered chronic low back pain
(12 months) and had been refractory to active nonoperative treatment, including physical therapy and rehabilitation
programs. Clinical indications for TDA have been demonstrated in the Food and Drug Administration Investigational
Device Exemption studies that have published 5-year
data.21–23 These indications were followed, with the exception being that the primary indication was multilevel rather
than single-level symptomatic DDD. A diagnosis of discogenic low back pain, with or without radicular pain, was
established through clinical history, examination, and diagnostic imaging, which included a combination of standing
lumbar radiographs, MRI and provocative discography,
with post-discography fine cut CT scan. Because of the high
sensitivity and specificity of MRI, it remains an excellent
tool for assessing disc morphology, but should be used in
conjunction with discography when planning surgical treatment.24 The general principles outlined by the International
Association for the Study of Pain (IASP) were followed when
utilizing discography as an investigative tool. Patients whose
discographic results that were non-concordant were not
offered surgery. Electrophysiological studies (needle electromyography and nerve conduction studies) were performed
to confirm the presence or absence of radiculopathy, myopathies, peripheral neuropathies and degenerative neurological conditions. In patients with complex vascular anatomy,
a CT angiogram was obtained. Surgery was offered to
patients who had a diagnosis of discogenic pain confirmed
without contraindications to TDA, who had exhausted nonoperative modalities, and where the pathology was having
significant effect upon their social, recreational and employment activities.25
Contraindications to TDA included grade II facet
arthropathy,25 spondylolisthesis, significant scoliosis (>20
degrees), active infection, tumors, severe atherosclerosis or
anomalies of the lumbar vessels, pregnancy and diagnostic
inconsistency. Obesity and involvement in workers’ compensation or other litigation were regarded as relative
contraindications. Surgery was not offered in the presence
of overt psychological derangement or maladaptive pain
behavior.
Surgery was performed via a midline rectus split with a
left- or right-sided retroperitoneal approach. At each level,
in turn, the disc space was prepared for TDA by discectomy,
disc space distraction, and annuloplasty. After appropriate
trialing, the prosthesis was then inserted and position confirmed in the coronal and sagittal planes by fluoroscopy.
The annulus was repaired and an anterior longitudinal
ligament reconstruction with synthetic ligament performed
to reduce segmental coronal or rotatory instability.26 Prostheses used were Charité (DePuy Spine, Raynham, MA) in
119 patients (240 levels) and InMotion (DePuy Spine) in 3
patients (6 levels). A perioperative physiotherapy-based
rehabilitation program was instituted routinely, which
emphasized neural stretching, flexibility, improved dynamic
stabilizer exercise tolerance, dynamic muscle strengthening,
and aerobic fitness.
www.spinejournal.com
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Participants were required to complete PROMs including
Oswestry Disability Index (ODI), Roland-Morris Disability
Questionnaire (RMDQ), and self-rated indication of pain
using a Visual Analog Score (VAS) for back (VAS-B) and leg
(VAS-L) pain (0–100 point scale) before and at regular
intervals postsurgery. Patient satisfaction was also assessed
with a four-scale written questionnaire (excellent, good,
satisfactory, and poor). These outcomes were recorded
pre- and postsurgery at 3, 6, and 12 months and yearly
thereafter. The PROMs were analyzed by a research team
independent of the surgical practice. Radiographic analysis
was also completed at each follow-up visit to confirm the
movement and alignment of the TDA and exclude complications (e.g., subsidence, subluxation, heterotopic ossification, and AMSD). Routine standing anterior/ posterior
lateral and flexion/extension radiographs were taken at 3,
6, and 12 months postoperatively. Additional radiographs,
CT scans, and/or MRI scans were obtained as needed.
Statistical analyses were performed using R Statistical
Software Version 3.3.2. The VAS-B, VAS-L, ODI, and
RMDQ at baseline (before surgery) and at multiple time
points from 3 to 120 months after surgery were summarized
using medians and interquartile ranges due to skewness of
the raw outcomes. The change scores for ODI and RMDQ
approximated a normal distribution and are therefore
reported using mean differences (95% confidence interval
[CI]) and P values obtained from paired t tests. However,
most of the change from baseline scores for the VAS outcomes also displayed extreme skewness, which was not
corrected by transformations. Hence, the median difference
(Hodges-Lehmann estimator) and the corresponding 95%
CIs are reported, along with the P value obtained from the
sign test. Our research group chose to report summary
measures (mean or median) according to the nature of
the data (symmetry of distribution). At times, this has been
overlooked in spine research when considering pain reduction, specifically distribution or change in distribution of
VAS scores.27,28 Given the nature of the current data set, the
median provided the most appropriate summary statistic,
comparable to other studies where a mean is used (assuming
a symmetrical distribution), given that both are considered
to be the typical value according to the nature of the data.
To account for multiple comparisons of the improvements in the actual scores, the reference P value of 0.05 was
adjusted using Bonferroni correction. Graphical representations of median changes in VAS and mean differences in
ODI and RMDQ were plotted along with 95% CI and the
corresponding minimum clinically important difference
(MCID) for each outcome.29

RESULTS
In total, 122 patients (77 men, 45 women) operated on
between April 1999 and January 2009 were included in this
study. The average age was 42  8.2 years (range 21–61)
and mean follow-up was 7.8 years. Two patients (1.6%)
received three-level TDA, whereas the remainder of the
cohort received two-level TDA (98.4%). The two- to
20
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three-level TDAs were at the levels L3–4, L4–5, and L5S1; the majority of two levels (n ¼ 110, 90.2%) were at L4–
5 and L5-S1; the remainder (n ¼ 10, 8.2%) being at L3–4
and L4–5. A survival of 93.2% (122/131) of multilevel TDA
constructs at final follow-up is considered satisfactory and
the problems, surgical strategies, and subsequent outcomes
of the nine cases of revision and reoperation after multilevel
TDA will be discussed in a separate paper.
Table 1 shows the summary statistics for the VAS outcomes for both back and leg pain. At all stages of follow-up,
a statistically significant difference from baseline can be seen
(P < 0.001). By 12 months, the median VAS-B had improved
by 88.75% to a score of 9/100.
A total of 24 participants, comprising of 15.5% of the
total sample, were lost to follow-up. More than half (n ¼ 14;
58.3%) of these patients reported a patient satisfaction score
of Excellent or Good at the last recorded follow-up point
which, on average, occurred at 79.7 months (6.6 years). The
primary reason for loss to follow-up was non-compliance
with completing questionnaires despite reminders. A total of
nine patients underwent index or adjacent segment revision
(7.3%).
Table 1 shows the summary statistics for VAS-B and
VAS-L. At all stages, a statistically significant difference
from baseline can be seen (P < 0.001). By 12 months, the
median VAS-B scores had improved by 88.8% to a score of
9/100.
Table 2 displays the summary statistics for both the ODI
and RMDQ. Statistically significant improvements from
baseline are seen throughout the follow-up period
(P < 0.001) in both outcome measures. The average mean
difference from baseline was 31.7 points on the ODI and
12.6 on the RMDQ.
Figure 1A,B is a graphical representation of the change
scores in both VAS-B and VAS-L over the follow-up period.
The reference line in both graphs is the MCID. VAS-B and
VAS-L median score differences can be seen to remain above
the MCID consistently during the follow-up period.
A graphical representation of the change from baseline
for both the ODI and RMDQ can be seen in Figure 2A,B.
Again, at all time points, both measures are above the MCID
for that specific outcome measure.

DISCUSSION
The aim of this study was to evaluate the PROMs of
multilevel TDA for the treatment of symptomatic MLDDD
and the efficacy of this technique is validated where appropriate methods of diagnosis, patient selection, and technique
are followed. Clinically relevant and statistically significant
improvements in VAS-B from baseline measures were
seen at all time points postoperatively, as all the pre- and
postoperative differences were well above the MCID of 12
(P < 0.001).30
Given long-term single-level TDA studies have reported
improvement in PROMs and low revision rates,31,32 there is
increasing attention in the spinal community on the benefits
of preserving motion, which facilitates the ability of patients
January 2020
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TABLE 1. Visual Analog Score Back and Leg Pain Outcomes Over Time in 122 Patients
VAS Outcome
Time (mo) Postsurgery
Back pain
0 Baseline
3
6
12
24
36
48
60
72
84
96
108
120
Leg pain
0 Baseline
3
6
12
24
36
48
60
72
84
96
108
120

Change From Baseline
Median Differencey 95% CI

Pz

n

Median

IQR

n

107
85
93
101
96
96
86
78
89
73
71
61
58

80.0
18.0
13.0
9.0
8.5
10.5
12.5
10.5
14.0
11.0
16.0
14.0
19.0

65.5–91.0
6.0–33.0
3.0–26.0
1.0–26.0
0.8–25.8
0.0–31.0
0.0–28.8
0.0–35.5
2.0–32.0
2.0–49.0
2.5–48.5
2.0–53.0
4.3–53.5

79
85
88
82
82
73
68
76
62
61
51
47

56.0
59.0
62.0
58.0
58.5
59.0
58.0
57.5
48.0
52.0
52.0
49.0

44.3–62.5
48.0–67.0
55.3–66.7
53.6–65.4
52.6–65.8
53.6–66.8
46.8–66.2
50.0–65.0
38.0–65.0
40.3–62.4
40.0–65.0
31.8–67.2

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

90
76
86
93
94
94
85
75
88
71
72
62
58

54.5
3.0
3.0
2.0
2.0
3.0
1.0
2.0
4.0
3.0
3.0
3.0
2.0

19.3–81.0
0.0–18.0
0.0–20.5
0.0–11.0
0.0–9.0
0.0–17.0
0.0–13.0
0.0–15.0
0.0–22.0
0.0–25.0
0.0–25.8
0.0–21.5
0.0–16.0

69
74
73
67
67
60
53
62
50
51
42
37

36.0
35.0
36.0
39.0
35.0
28.5
31.0
30.5
31.0
28.0
29.0
33.0

19.9–48.1
27.0–48.9
28.0–51.0
23.0–49.0
18.0–48.0
13.8–49.5
12.0–53.1
17.5–47.2
15.6–50.9
19.0–48.0
14.1–51.9
15.1–62.9

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

CI indicates confidence interval; IQR, interquartile range; VAS Visual Analog Score.

The Visual Analog Scale (VAS) is scored on a 0 (no pain) to 100 (worst imaginable pain) scale.
y
The median difference is the Hodges-Lehmann estimator. A positive median difference indicates an improvement or reduction in pain score from baseline
(before surgery).
z
The P value is the result of the sign test. Significance is achieved when P < 0.004 using Bonferroni correction, as applied to multiple comparisons within each
type of pain outcome. All differences from baseline were statistically significant.

to ‘‘self-centre," thereby theoretically reducing the rate of
AMSD. Multilevel lumbar TDA may have benefits over
multilevel fusion in obtaining physiological positions
required for activities of daily living as suggested by the
studies on spinopelvic parameters.33,34 Multilevel-fusion in
relative kyphosis (particularly in patients with type III and
IV spines) can cause extensor muscle fatigue, persistent back
and leg symptoms and increase AMSD, whereas multilevel
fusion that increases lordosis (particularly with type I and II
spines) can cause difficulty in the elderly with deep squatting
positions that may be required for transferring onto chairs
or toileting.
This is currently the largest multi-TDA cohort in the
literature with the longest follow-up. Improvements in pain
are similar to or greater than those reported in other studies.
It is difficult to define reasons for this, beyond it being a
product of the strict diagnostic criteria, patient selection,
consistent surgical techniques and a structured physical
Spine

therapy program. Back pain (VAS-B) improved postoperatively by 83.3% on average. Tropiano et al35 reported an
84% improvement in back pain at final follow-up but,
notably, the follow-up time was a mean of 1.4 years.
Bertagnoli et al36 also demonstrated back pain improvements of 75% at 2 years postsurgery. At an average of
4 years, patients in the study conducted by Trincat et al9 had
a 60% improvement in their back pain. Other improvements in the order of 56.8%,10 40.8%,15 37%,18 and
39.6%37 in back pain have been reported in multilevel
TDAs. A study conducted by Yue et al38 showed similar
preoperative VAS-B scores (VAS-B of 77.3); however, the
improvements were to 31.3 at 2 years (59.5%) and 28.7 at
5 years (62.9%).38 In the current study, at the same time
frames, back pain had improved by 89.4% and 86.9%,
respectively.
The median preoperative score for leg pain in the study
was 54.5 VAS-L, which improved to an average of 2.6
www.spinejournal.com
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TABLE 2. Oswestry Disability Index and Roland-Morris Disability Questionnaire Disability

Outcomes Over Time in 122 Patients
Disability Outcome
Time (mo) Postsurgery
ODIz
0 Baseline
3
6
12
24
36
48
60
72
84
96
108
120
RMDQ§
0 baseline
3
6
12
24
36
48
60
72
84
96
108
120

Change From Baseline
Mean Difference 95% CI

Py

n

Median

IQR

n

122
81
93
101
96
96
86
78
90
73
72
62
58

48.0
16.0
12.0
8.0
8.0
7.0
10.0
9.0
10.0
10.0
11.0
12.0
15.0

34.5–60.0
10.0–28.0
4.0–26.0
0.0–20.0
2.0–22.5
0.0–24.0
0.5–25.5
0.5–24.0
2.0–24.0
0.0–24.0
2.0–28.8
0.0–26.0
2.0–28.3

81
93
101
96
96
86
78
90
73
72
62
58

26.4
30.3
35.9
35.0
36.1
34.6
32.9
30.9
33.3
29.5
29.5
25.4

22.1–30.7
26.6–34.0
32.1–39.6
30.9–39.1
32.0–40.2
30.2–38.9
28.1–37.6
26.8–34.9
28.2–38.3
24.4–34.6
23.7–35.4
19.4–31.3

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

101
76
86
94
94
95
86
78
90
73
72
62
58

18.0
4.0
2.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.5

13.0–20.0
1.0–9.0
0.0–6.0
0.0–5.0
0.0–5.0
0.0–5.0
0.0–5.8
0.0–6.0
0.0–6.0
0.0–7.0
0.0–10.3
0.0–6.0
0.0–6.0

73
77
82
77
77
71
63
72
60
58
51
51

11.1
12.1
13.3
13.1
13.6
12.9
13.2
12.3
13.2
12.0
13.1
11.5

9.6–12.5
10.6–13.7
11.9–14.7
11.7–14.4
12.2–15.0
11.5–14.4
11.7–14.7
10.7–13.8
11.6–14.8
10.1–14.0
11.3–15.0
9.5–13.4

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

CI indicates confidence interval; IQR, interquartile range; ODI, Oswestry Disability Index.

A positive mean difference indicates an improvement or reduction in disability index from baseline (before surgery).
y
The P value is the result of the paired t test. Significance is achieved when P < 0.004 using Bonferroni correction, as applied to multiple comparisons within
each disability measure. All differences from baseline were statistically significant.
z
The Oswestry Disability Index (ODI) is scored on a 0 (none) to 100 (worst) disability.
§
The Roland-Morris Disability Questionnaire (RMDQ) is scored on a 0 (none) to 24 (worst) disability.

(95.2% improvement). Although the percentage improvement was higher than for VAS-B, due to relatively lower
baseline values for VAS-L, the absolute improvements were
smaller (as in the Trincat et al’s study)9 and percentage
reduction may be a better measure when comparing actual
pain reduction in the two VAS outcomes. A large proportion
of patients had little to no leg pain at baseline and was
expected to experience little or no change at follow-up
(approximately 20% of the patients scored from 0-20
VAS-L at baseline) and this is reflected in the lower change
from baseline scores and 95% CIs (Figure 1). However,
these changes were still statistically and clinically significant
(above MCID of 16) until 36 months.39 Single-level anterior
lumbar interbody fusion and TDA studies demonstrate that
VAS-L can be improved and proven radiculopathy treated,
with the extrapolation from those results suggesting
22
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multilevel TDA can also affect VAS-L significantly and
proportionately to VAS-B.
The ODI improved on average 31.7 points in this study,
above the 18.8 points that is considered to be substantial
benefit in taking patients from severe to minimal disability.40,41 Over the period observed, the ODI score for the
cohort dropped from 48 to a mean postoperative value of 11
(77% improvement), which is greater than what has been
previously reported. Comparative reports include improvements of 50%,9 43.2%,15 31.2%,37 56.8%,19 and 58%.38
The ODI improvements in the studies by both Tropiano
et al35 and Bertagnoli et al36 are similar to the improvements
seen here with 67% and 75% improvement, respectively.
However, these studies only involved 24 and 14 months
follow-up; thus, the effect of PROMs decay could not be
assessed. Few other long-term studies have utilized the
January 2020
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Figure 1. Median difference between pre- and postsurgery over time, and 95% confidence intervals for VAS back (A) and leg pain (B) scores
in 122 patients. CI indicates confidence interval; VAS, Visual Analog Score.

RMDQ as an outcome measure and, therefore, while the
data presented here is favorable (78%–94% improvement
from baseline depending on time point chosen) they are
included for comparative purposes with future studies that
may also use this outcome measure.
Not all patients with symptomatic multiple-level discogenic pain are suitable for multilevel TDA. Considerations
for this include spinopelvic parameters, operative level, facet
arthritis, bone density, the presence or absence of radiculopathy, and other comorbidities, as discussed previously.
The evidence suggests that, when patients are appropriately
selected, effective and durable results can be obtained.
This study is a prospective case series that supports the
safety and efficacy of multilevel TDA with a clearly defined
protocol and explicit inclusion and exclusion criteria.

Patients were enrolled consecutively and the follow-up of
clinical outcomes occurs on an annual basis indefinitely. In
addition, the follow-up rate is high; thus, the validity of the
treatment effect and the study protocol is robust. However,
it is acknowledged that a case series does not have a control
group and can be prone to bias, and thus limiting its
generalizability to larger populations and surgeons at other
institutions. An unconstrained TDA implantation at multiple levels is technically demanding, whereas newer, more
rotationally constrained, one-piece prostheses may prove to
be ‘‘more forgiving" and thereby result in relatively better
clinical and radiological outcomes for multilevel TDA.26
The authors recognize the importance of coronal and
sagittal balance. The ability to fully understand global
alignment and the types of spine via EOS has only been

Figure 2. Mean difference between pre- and post- surgery over time, and 95% confidence intervals for ODI (a) and RMDQ (b) disability
scores in 122 patients. CI indicates confidence interval; ODI, Oswestry Disability Index; RMDQ, Roland-Morris Disability Questionnaire.
Spine

www.spinejournal.com

23

CLINICAL CASE SERIES
available recently, whereas the patient cohort in this study
received treatment between 1999 and 2009. Since the
advent of EOS imaging, much emphasis is placed on analyzing the relationship between the pelvis and the spinopelvic parameters. When considering multilevel TDA, surgeons
need to consider spinopelvic parameters and the type of
spine just as much as the type of prosthesis (constrained or
unconstrained).
Future studies should compare long-term clinical outcomes of single-level TDA, multilevel TDA, and hybrid
construct surgery for the treatment of DDD.

CONCLUSION
This study suggests that multilevel TDA for MLDDD is
associated with favorable and sustained clinical outcomes
for the majority of patients. Provided diagnosis, patient
selection, surgeon technique, and rehabilitation are adequate, multilevel lumbar TDA is an effective management
technique for individuals identified as being affected by
more than one degenerative disc. To our knowledge, this
represents the largest cohort and longest follow-up of multilevel lumbar TDA constructs in the literature.

Key Points
Multilevel lumbar disc arthroplasty surgery
appears to be a suitable option for individuals
with multilevel symptomatic DDD refractory to
conservative management, when appropriate
diagnosis, patient selection, surgical technique,
and rehabilitation methods are followed.
The majority of patients showed favorable clinical
outcomes at midterm follow-up.
Ninety-two percent of patients reported good to
excellent satisfaction over the duration of
the study.
The majority of patients had reduction in
disability scores from severe to minimal at latest
follow-up.
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