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ABSTRACT

Background: Low back pain (LBP) due to degenerative disc disease (DDD) is the most common occupational
disorder worldwide. Lumbar total disc replacement (LTDR) has provided an alternative to rigid fusion to relieve pain
with less motion restriction. We present clinical results with long-term follow-up from a single-center, single-surgeon

series of patients treated with the Activ-L artificial disc.
Methods: Thirty-three patients with symptomatic single-level DDD who failed nonsurgical therapy for a minimum

of 6 months underwent single-level arthroplasty with the Activ-L system between 2007 and 2012. Demographic,

preoperative, and postoperative data were collected prospectively. Clinical factors reviewed included occupational
status, sensory deficits, functional status determined by Oswestry Disability Index (ODI), back pain, leg pain, pain
medication consumption, and radiographic imaging.

Results: Average age at surgery was 38.0 6 7.8 years, and the majority of patients were male (60.6%). Average
follow-up was 2.7 6 1.7 years. Average ODI at preoperative baseline was 54.6 6 13.5, with scores significantly
improved at 6 weeks (28.6 6 17.4, P , .0001), 3 months (24.1 6 16.8, P , .0001), 6 months (22.3 6 16.3, P , .0001), 1

year (18.8 6 15.3, P , .0001), and final follow-up (15.6 6 16.4, P , .0001). Most patients (87.8%) reported pain
medication usage within 14 days of baseline evaluation, with consumption decreasing significantly at 1-year (34.5%, P
, .0001) and long-term follow-up (21.2%, P , .0001). One patient experienced mild unilateral graft subsidence at 1
year, which remained stable on radiographs at 5 years. None of the prostheses required revision surgery.

Conclusions: The Activ-L disc replacement system is safe and effective for treating single-level lumbar DDD.
Patients reported significant improvement in functional outcomes and decreases in pain medication consumption.
Further investigation of the Activ-L system in larger populations is warranted.

Clinical Relevance: LBP is a common cause of disability worldwide, and better treatment options are needed to
improve outcomes, including pain and mobility. Spine surgeons may choose the Activ-L disc replacement as a safe and
effective treatment for LBP caused by single-level lumbar DDD.

Total Disc Replacement

Keywords: low back pain (LBP), degenerative disc disease (DDD), lumbar total disc replacement (LTDR), Activ-L
artificial disc, arthroplasty

INTRODUCTION

Low back pain (LBP) due to degenerative disc

disease (DDD) represents one of the most common

causes of disability in adult patients.1 Previous

literature has named LBP as the most common

occupational disorder worldwide, with a global

prevalence of 84% among workers and an incidence

of 139 per 100,000 person-years among the general

population in the United States.2–5 For many years,

surgical management (including decompression and

fusion procedures) or conservative medical treat-

ment were the only options for treating LBP due to

DDD. However, the advent of lumbar total disc

replacement (LTDR) provided spine surgeons with
an alternative to rigid fusion to relieve pain with less
motion restriction. Although LTDR has proven to
be a viable option, its utility remains controversial
due to limited, albeit growing, clinical investiga-
tions.2,6

A successful postoperative course following
LTDR is largely dependent on the efficacy of the
lumbar artificial disc that replaces the diseased
intervertebral segment. Additionally, careful diag-
nostic evaluation to establish the pain generator is
vital to successful replacement of the pathologic
segment. LBP can be influenced by a myriad of
anatomic sources and psychosomatic factors. Thus,
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detailed occupational history, substance use or
abuse, and psychosocial history must be considered.
Once DDD is suspected as the source for the LBP,
imaging studies such as magnetic resonance imaging
and computed tomography should be used in
tandem with the patient’s clinical presentation for
diagnosis.7 Precise evaluation of the pain generator
avoids misdiagnosis and guides subsequent treat-
ment decisions, which ultimately may result in
LTDR.

The first lumbar artificial disc was implanted in
1960 and, since that time, multiple replacement
devices have been brought to market, including the
ProDisc I, ProDisc II (Synthes Spine, West Chester
Pennsylvania), and SB Charite (DePuy Spine,
Raynham, Massachusetts).6 In 2007, the Activ-L
lumbar disc replacement system (Aesculap Implant
Systems, Center Valley, Pennsylvania) underwent
clinical testing, adding a novel device to the
increasing number of lumbar disc prostheses. The
Activ-L device is a weight-bearing implant compris-
ing 2 titanium endplates and 1 inlay made from
polyethylene.8 The device is indicated for patients
with symptomatic single-level DDD who have failed
a minimum of 6 months of conservative nonsurgical
treatment. In this study, we present clinical results
with long-term follow-up from a single-center,
single-surgeon series of patients treated with the
Activ-L artificial disc.

METHODS

Patients with symptomatic single-level DDD who
failed nonsurgical therapy for a minimum of 6
months were treated by LTDR with the Activ-L
system between 2007 and 2012. Thirty-three patients
underwent single-level arthroplasty with the Activ-L
system. Patients were subsequently followed for
clinical and radiologic outcomes. Demographic,
preoperative, and postoperative data were collected
prospectively. Preoperative and postoperative clin-
ical factors collected included occupational status,
sensory deficits, functional status as determined by
Oswestry Disability Index (ODI),9 back pain (BP),

leg pain (LP), and pain medication consumption.

Comparison of preoperative and postoperative

clinical factors were completed by t test and v2

analyses. A P value , .05 was considered signifi-

cant.

RESULTS

The average age at surgery was 38.0 6 7.8 years.

A majority of patients were male (60.6%). The
average long-term follow-up was 2.7 6 1.7 years

(range, 6 months–5 years). Patient details are given
in Table 1. The specific number of patients followed

at each time point is detailed in Figure 1. The

average ODI at preoperative baseline was 54.6 6

13.5. Patients’ ODI scores significantly improved at

6 weeks (28.6 6 17.4, P , .0001), 3 months (24.1 6

16.8, P , .0001), 6 months (22.3 6 16.3, P , .0001),
1 year (18.8 6 15.3, P , .0001), and final follow-up

(15.6 6 16.4, P , .0001) (Figure 2). At baseline,
33% of patients were unable to work due to their

back injury. At 1-year and final follow-up, all

patients were able to work with either light duty
restrictions or with no lifting restrictions. Radiolog-

ic follow-up demonstrated that 1 patient had mild

unilateral graft subsidence at 1 year, which re-

Table 1. Patient demographics.

Parameter Value, n (%)

Male 20 (60.6)
Female 13 (39.4)
Hispanic, Latino, or Spanish origin 15 (45.5)
Black or African American 7 (21.1)
White 11 (33.3)

Figure 1. Number of patients at each follow-up time point.

Figure 2. ODI from initial evaluation at baseline to final long-term follow-up.
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mained stable on serial x-ray out to 5 years. The
remaining patients all had follow-up imaging that
was negative for subsidence, disc migration, or
significant motion restriction. None of the prosthe-
ses required revision surgery during this series. Most
patients reported use of pain medication within 14
days of initial baseline evaluation (87.8%). This
number showed a significant decrease at 1 year
(34.5%, P , .0001) and long-term follow-up
(21.2%, P , .0001) (Figure 3). At baseline, BP
and LP were reported in 100% and 91% of patients,
respectively. Significantly fewer patients reported
either BP or LP at 1 year (12.1% and 12.1%, P ,

.0001) and long-term follow-up (6.1% and 9.1%, P
, .0001); 59.3% of patients had a sensory deficit on
neurological evaluation at baseline. This was
reduced to 0% at 1 year and 12.5% at final
follow-up. Clinical outcomes are detailed in Table 2.

DISCUSSION

The present study aimed to evaluate the short-
term, mid-term, and long-term clinical and radio-
logic outcomes of patients who underwent LTDR
with the Activ-L disc replacement system. Addi-
tionally, we aimed to assess functional outcomes to
examine if disc replacement surgery improved a
patient’s quality of life. Functional outcomes were
measured using self-reporting from patients’ ODI
scores. Previous studies on the effectiveness of the
Activ-L disc replacement system have also shown
significant improvement in ODI scores. A study by
Lu et al10 had a similar sample size to our study (32
patients) and obtained similar results in the setting
of functional outcomes. These results were replicat-
ed in a retrospective controlled study determining
clinical outcomes in LTDR versus anterior lumbar
interbody fusion.11 The patients who underwent

TDR with the Activ-L reported significantly lower
ODI scores at all follow-up time points. Equivalent
to results published by Lazennec et al12 and the
aforementioned studies, our study participants
showed a significant improvement in ODI. There
was also a consistent decrease in ODI from baseline
to final follow-up. This suggests that patients’
functional outcomes not only improved rapidly
(47.6% decrease at 6 weeks) but also continued to
improve throughout their clinical course. Partici-
pants’ average ODI at final follow-up was lower
than or comparable with previously published
studies.13–15

Given the recent interest in reducing exposure to
and potential abuse of pain medications (especially
narcotics), we found it imperative to examine
changes in pain medication consumption following
LTDR. Although many studies have investigated
narcotic consumption following lumbar fusion, few
studies have discussed pain medication use follow-
ing lumbar disc replacement surgery.16 In an
analysis by Aghayev et al,17 they noted a decreasing
trend in non-steroidal anti-inflammatory drugs
(NSAID), weak opiate, and strong opiate use from
baseline to follow-up at 5 years. In a similar study
published by Zigler et al,18 patients’ narcotic
consumption decreased from 84% at baseline to
39% postoperatively at 24-month follow-up. Our
findings reflect the decrease in pain medication
consumption at long-term follow-up seen in these
studies.16–18

An important metric in evaluating the success of
lumbar replacement surgery is the incidence of
postsurgical complications. Guyer et al13 reported

Figure 3. Percent of patients reporting pain medication consumption within the

last 14 days from baseline to final long-term follow-up.

Table 2. Clinical outcomes. Continuous variables shown as mean 6 standard

deviation; categorical variables shown as n (%).

Parameter Value

Average follow-up, y 2.7 6 1.7
Oswestry Disability Index
Baseline 54.6 6 13.5
Final 15.6 6 16.3

Sensory deficit*
Baseline 19 (59.3)
Final 4 (12.5)

Back pain
Baseline 33 (100)
Final 2 (6.1)

Leg pain
Baseline 30 (91.0)
Final 3 (9.1)

Using pain medication
Baseline 29 (87.8)
Final 7 (21.1)

*Total N ¼ 32.

Bryant et al.
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an 11.8% reoperation rate in an investigational
group who underwent Kineflex-L (SpinalMotion,
Mountain View, California) disc replacement. In a
meta-analysis conducted by Wei et al,19 they found
an overall reoperation rate of 5.2% in patients who
underwent LTDR among 1,525 participants in 5
randomized controlled trials. Although reoperation
rates were low, none of the trials included in this
analysis achieved a reoperation rate of 0%. In the
present study, there were no reoperations or revision
surgeries documented at any point during clinical
follow-up. It is important to note, however, in
comparison with the previous studies our sample
size was smaller. When examining reoperation rates,
the difference in sample size must be taken into
account. Although 33 patients represents a small
sample, a study by Lu et al20 had a similar sized
study population (35 patients) in which 2 patients
required reoperation. We believe the reoperation
rate in our present study is clinically significant
when also considering the pain reduction, improved
functional outcomes, and imaging studies observed
in the reported patients.

The present study is a single-surgeon, single-
center, small patient series, and so carries the
associated biases. We feel that the small size of the
sample included here is balanced by the relative
novelty of the device investigated, as well as the long
follow-up achieved in these patients, which demon-
strates the durability of outcomes using the Activ-L
system. Although these results are preliminary, a
large prospective multicenter study would more
powerfully demonstrate the efficacy of this device.

CONCLUSIONS

The Activ-L disc replacement system is safe and
effective for treating single-level lumbar DDD.
Patients reported significant improvement in func-
tional outcomes, as evidenced by substantial reduc-
tion in ODI scores and significant decreases in pain
medication consumption. Significantly fewer pa-
tients reported back and pain at long-term follow-
up. Further investigation of the Activ-L system in
larger populations is certainly warranted.
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