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Abstract
Background:  Nucleus replacement devices are designed to replace the native pain-generating lumbar nucleus while 

preserving the annulus fibrosus, endplates, and natural motion. The DASCOR Disc Arthroplasty Device seemed to perform 
well clinically but was discontinued in 2009. While there are no commercially available NRDs today, the potential advantages 
of using such devices have prompted a renewed interest in further developing the technology and assessing long-term outcomes 
for the DASCOR device.

Methods:  A retrospective review of hospital records from a single institution was performed to identify all patients that 
underwent implantation of a DASCOR device between 2006 and 2009. Clinical outcome and imaging data were gathered to 
assess device performance of the DASCOR device over an extended period of time. Clinical data were assessed using a visual 
analog scale for back pain (VAS), Oswestry Disability Index (ODI) scores, and analgesic medication use score (ANS). Magnetic 
resonance images were systematically evaluated at the index and adjacent disc levels: disc height, Modic changes, Pfirrmann 
grade, and any implant-associated findings.

Results:  Twenty-six patients received DASCOR implants. Follow-up data were available for 22 patients. The mean age at 
time of implantation was 34.9 years. Long-term data were available for 14 patients (mean, 11.5 years) with a mean improvement 
in VAS of 4.0 +/- 2.8 (P < 0.0001), ODI 33.4 +/- 18.4 (P < 0.0001), and ANS 0.5 (P = 0.07) compared to baseline values, while 
46% developed radiological adjacent segment degeneration on MRI and 54% did not. In total, 6 patients underwent revision 
surgery at the index level and 3 underwent surgery at adjacent lumbar levels.

Conclusions:  While any conclusions should be interpreted with caution, there was a subgroup of patients that had 
excellent clinical and radiological outcomes. Additional studies on this device or other similar devices would add to our 
knowledge regarding ideal treatment of discogenic low back pain in younger patients.

Clinical Relevance:  Treatment of discogenic low back pain.
Level of Evidence:  4.

Lumbar Spine

Keywords: discogenic, low back pain, nucleus replacement, motion preservation

INTRODUCTION

Nucleus replacement devices (NRD) are designed to 
replace the native pain-generating lumbar nucleus while 
preserving the annulus fibrosus and vertebral endplates. 
They are intended to re-establish load sharing with the 
annulus and maintain segmental mobility while pre-
serving disc height.1 Early nucleus replacement con-
cepts date back to the late 1950s, even before total 
disc replacement designs (TDR).2–4 An ideal nucleus 
replacement device will maintain segmental range of 
motion, provide similar shock-absorbing and cushion-
ing function of a native disc, and reduce adjacent disc 
degeneration (ADD). In theory, the implantation of 
such a device would also be possible with less-invasive 
surgical techniques and tissue disruption when com-
pared to TDR or fusion. Developing such NRD has 

proven to be extremely challenging for a variety of 
reasons.

One of the clinical hurdles for NRD has been a high 
rate of migration and expulsion.5–7 One such device, the 
prosthetic disc nucleus (PDN; Raymedica, Minneapo-
lis, MN), was a preformed hydrogel-based device with 
surgical success rates historically ranging from 77% to 
90%8 The preformed nature of the implant required the 
creation of an annular flap large enough to deliver the 
device. Even though the PDN device was implanted in 
hundreds of patients and demonstrated early surgical 
success, device migration rates were reported as high 
as 26%.8

Analysis of the PDN outcomes led to the develop-
ment of another NRD, the DASCOR Disc Arthroplasty 
Device (Disc Dynamics Inc., Eden Prairie, MN). This 
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was an in situ cured polyurethane balloon-based device, 
which resulted in form-fitted, uniquely shaped for the 
patient’s anatomy, and was capable of being delivered 
through a minimal annular access channel (approxi-
mately 5.5 mm). The DASCOR device achieved favor-
able clinical and radiographic results in an interim 
analysis that reported 2-year outcomes on 85 patients 
as part of 2 European clinical trials.9 The unique design 
characteristics and implantation techniques resulted in a 
significant improvement over the PDN device, with no 
reported incidence of migration or expulsion. Following 
the clinical trial success of the DASCOR device, a CE 
mark was granted. It was commercially available until 
2009 when the manufacturer ceased operations over 
concerns regarding the biocompatibility of the uncured 
polymer. This was only an issue with uncured polymer; 
once cured, the device was considered biocompatible. 
The need to redesign the polymer led to financial issues 
and closure of the company. No long-term follow-up of 
these patients currently exists.

As of the date of this publication, there is still no 
NRD available for clinical use. However, 1 is currently 
in clinical trials, the PerQdisc device (Spinal Stabiliza-
tion Technologies, Kilkenny, Ireland). The PerQdisc is 
very similar to the DASCOR device (Figure 1) because 
they are both form fitting, in situ formed, polymer-filled 
balloon implants with nearly identical elastic proper-
ties and insertion techniques. The main difference is 
that the PerQdisc uses a room temperature vulcanizing 
radiopaque silicone polymer with a well-known history 
of biocompatibility, which also provides better visu-
alization on imaging. These similarities have created 
renewed interest in the long-term follow-up (LTFU) 
of DASCOR patients to gauge effectiveness of such 
NRD with regard to clinical outcomes and preservation 
of segmental integrity at the index and adjacent levels. 

Encouraging long-term data would justify the need to 
re-explore this technology.

A clinical protocol was developed to address the 
long-term outcome of the DASCOR device. We ini-
tially hoped to follow-up on all 85 patients that were 
previously published.9 Unfortunately, the closure of 
Disc Dynamics Inc. made it impossible to retrieve all 
prior DASCOR clinical trial records. We were able to 
identify 1 clinical trial institution (Onze Lieve Vrouw 
Ziekenhuis Aalst, Belgium) that was able to complete 
LTFU for all their patients implanted with the DASCOR 
device. This individual center series represents the 
lengthiest follow-up outcomes study on DASCOR 
patients to date.

METHODS

Study Design and Patient Selection

After approval by the institutional review board 
(Onze Lieve Vrouw Ziekenhuis, Aalst, Belgium), a ret-
rospective review of hospital records was performed 
to identify all patients that underwent implantation of 
a DASCOR nucleus replacement device between 2006 
and 2009. Inclusion criteria at the time of surgery are 
listed in (Table  1). Identified patients were contacted 
to have long-term clinical and radiological follow-up 
evaluations. Most patients were part of a clinical trial 
(63%), the rest were implanted commercially. Clinical 
outcome data were gathered using a visual analog scale 
(VAS) for back pain, Oswestry Disability Index (ODI) 
scores, and analgesic medication use score.

Radiological outcome was evaluated using new 
magnetic resonance imaging (MRI) scans. X-rays were 
not performed to avoid unnecessary radiation expo-
sure, and therefore range of motion assessment was not 

Figure 1.  (A) DASCOR delivery catheter and implant. (B) PerQdisc delivery device and implant.
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possible. Baseline, 6-week, 1-year, and LTFU MRIs 
were all analyzed by an independent core lab (Ray-
lytic GmbH, Leipzig, Germany). The following items 
were systematically evaluated at the index and adja-
cent disc levels: disc height (anterior, middle, and pos-
terior measurement points), endplate Modic changes, 
Pfirrmann grade, and any implant-associated findings 
(such as device breakage, migrations, or expulsions). 
ADD was defined as worsening Pfirrmann grade, new 
Modic changes, loss of disc height exceeding 3 mm, 
need for secondary surgery at the adjacent level, or new 
onset spondylolisthesis. Migrations were defined as 
any portion of the device that was outside of the outer 
annular margin, and expulsions were defined as any 
device that was completely outside of the outer annular 
margin.

Surgical Technique

All devices in this series were implanted with the 
patient in a supine position using a standard retroperito-
neal anterior approach to gain access to the interverte-
bral disc for nucleus removal and device implantation. 
The detailed technique and device description were 
previously described by Ahrens et al.9 In summary, a 
series of specifically curved rongeurs, each matching 
a different geometrically mapped region in the nucleus 
space, was used multiple times in sequence for a sys-
tematic total nucleus removal. A DASCOR imaging 
balloon was then inserted and filled with contrast 
under fluoroscopy to estimate final implant volume 
and position, then removed for final implant place-
ment. The DASCOR polyurethane implant balloon was 
then inserted and filled with polyurethane to create a 
custom-fit implant. Once cured, the wound was closed 
in standard fashion.

Outcomes Assessment

The clinical status of all patients was evaluated by 
reviewing the individual patient charts at each of the 
following time points: pre-operatively, post-operatively 
at 12 months, and then at LTFU. Patients completed 
patient-reported outcome measure (PROM) question-
naires, including ODI, back VAS, and use of analgesic 
medication using an analgesic score (ANS) rated on a 
0 to 4 point scale with 0 = no analgesic medication, 1 = 
anti-inflammatory medication, 2 = weak opioid analge-
sics, and 3 and 4 equating to stronger and more frequent 
use of opioids.

Statistical Methods

We report the mean and standard deviation for con-
tinuous variables including age at surgery, body mass 
index, follow-up duration, ANS, VAS, and ODI scores, 
and change in disc height levels. For nominal measures 
including gender, smoking status, and level treated, we 
reported in percentages. Clinical outcomes ANS, VAS, 
and ODI scores were measured repeatedly at baseline 
and through follow-up. Separate linear mixed models 
were fit against these outcomes to account for the depen-
dence of repeated measures within a patient popula-
tion.10 In these linear mixed models, clinical outcomes 
were dependent variables, and a time indicator variable 
was the independent variable. After model parameters 
were obtained from the linear mixed models, contrasts 
were made to estimate changes in these outcomes from 
baseline measures. P values were also reported for these 
changes. Analyzes were conducted with SAS software 
9.4 (SAS Institute Inc., Cary, NC).

RESULTS

Twenty-six patients received DASCOR implants 
between January 2006 and November 2009. Three 
patients were lost to follow-up and 1 patient had revi-
sion surgery due to persistent back pain prior to the 
1-year follow-up visit and were excluded from this 
study leaving a total of 22 (85%) patients for analysis. 
The patients were divided into 2 groups based on surgi-
cal outcome and were also compared to a larger cohort 
based on the data published by Ahrens.9

Eight patients did not wish to undergo long-term 
clinical follow-up (MRI or questionnaires) but did have 
clinical data and radiographic images at 1 year follow-
ing surgery and were labeled as group A. There were 3 
male and 5 female patients, with 4 that had surgery at 
L4/5 and 4 at L5/S1, the mean age at the time of surgery 
was 38.5 (± 3.2) years. Six of these patients were treated 

Table 1.  Inclusion criteria used for patient enrollment at the time of surgery.

Inclusion Criteria

zz Age 21 to 70 years
zz Degenerative disc disease as evidenced by:

zz History, clinical and radiographic findings
zz Darkened disc on MRI

zz Decreased disc height compared to adjacent disc(s)
zz Positive discography at the affected level
zz One lumbar spine level condition from L2 to S1
zz Minimum disc height of 5.5 mm
zz Intact endplates at the affected disc level
zz Six months of failed nonoperative care
zz Patient is able to complete a 2-year follow-up visitation schedule
zz VAS score ≥5 on a 10-point scale
zz ODI score ≥40 on a 100-point scale

Abbreviations: MRI, magnetic resonance imaging; ODI, Oswestry Disability Index; 
VAS, visual analog scale.
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as part of a clinical trial (DASCOR PM-501) and 2 were 
treated commercially. While long-term radiographic 
follow-up is not available, 5/8 patients did not have any 
migration or expulsion at the 1-year mark (3 patients 
did not have images available). All patients had base-
line and 1-year PROM scores. There was a modest 
improvement in mean PROM scores at the 1-year fol-
low-up period in 8 patients (Figures 1–3). Ultimately, 
all 8 patients had secondary surgery. Six patients had 
revision surgery at the index level with implant removal 
at a mean of 2.18 years (range 0.77–5.64) from the 
time of their initial surgery: Five patients had anterior 
lumbar interbody fusion (ALIF; mean 2.71 years, range 
1.02–5.64 years) and 1 had posterior lumbar interbody 
fusion (at 3.32 years). Two patients did not require revi-
sion surgery at the index level but underwent secondary 
surgery at other lumbar levels: 1 patient had insertion of 
an interspinous device, while the other underwent pos-
terior dynamic pedicle stabilization.

Fourteen patients had clinical and radiographic 
data 1 year after surgery, were also willing to undergo 

long-term clinical follow-up, and were labeled as group 
B. There were 13 females and 1 male. Nine had surgery 
at L4/5 and 5 at L5/S1. The mean age at surgery was 
32.6 ± 2.1 years. Ten of these patients were treated as 
part of a clinical trial (DASCOR PM -501) and 4 were 
treated commercially. Baseline PROM and 1-year fol-
low-up data were available for all 14 patients. LTFU 
data at mean 11.5 years (range 9.6–12.7) following 
initial surgery were available for 13 of the 14 patients, 
with a mean improvement in back VAS of 4.0 ± 2.8 
(P < 0.0001), ODI 33.4 ± 18.4 (P < 0.0001), and ANS 
0.5 (P = 0.07) (Table 2, Figure 4). There were no revi-
sion surgeries in this group; 1 patient in this group had 
secondary surgery at the adjacent level with ALIF at 8 
years post implantation. Baseline values for groups A 
and B are summarized in Table 3; there were no signif-
icant differences in baseline ODI, back VAS, ANS, or 
age. group B had more women, smokers, and patients 
treated at the L4/5 level when compared to group A.

Long-term MRIs were performed on all group B 
patients (Figure 5). One patient could not be adequately 
assessed due to metallic artifact; there were no expul-
sions or migrations observed. The mean disc height 
in 13 of 14 patients (patient 009 had metallic artifact 
obscuring the disc space) at the index level between 
the 6 weeks postsurgery and long-term MRI revealed 
a mean loss of 1.3 mm (+0.8–3.1 mm) with 1 (8%) 
patient having a mean disc height loss of more 3 mm 
(3.1 mm). When comparing the adjacent superior disc 
level between 6 weeks postsurgery and long-term MRI, 
there was a mean disc height loss of 0.39 mm (+1.1–3.5 
mm), with 1 (8%) patient having a disc height loss of 
more 3 mm (3.5 mm).

Preoperative MRI scans only included T2-weighted 
images and revealed 2/12 patients with an increased 
signal at either endplate of the index level (2 patients 
did not have preop MRI images available for this study). 
At LTFU, 13 patients had adequate MRIs for evaluating 
the index level. Of these, 7 patients (54%) had Type 2 
changes and 6 (46%) patients had Type 3 changes. In 
addition, 1 patient had a new Type 3 change in an adja-
cent superior disc level, while 1 other patient had new 
Type 1 change at the inferior disc level.

The Pfirrmann grade classification was applied to 
baseline and follow-up MRIs. The index level was not 
evaluated since the native nucleus was removed. The 
Pfirrmann grade of the adjacent inferior level progressed 
in 1 patient, and 1 other patient had ALIF surgery at the 
time of assessment. When a comparison was possible, 
the Pfirrmann grade of the adjacent superior level pro-
gressed in 3 patients, while 1 other patient maintained 

Figure 2..  Change in mean (± SEM) back-visual analog scale (VAS) baseline 
to 1 year for all groups and the comparison group (Ahrens et al9). *Difference 
between group A and B, P = 0.003.

Figure 3..  Mean (± SEM) change in Oswestry Disability Index (ODI) baseline 
to 1 year for all groups and the comparison group (Ahrens et al9). *Difference 
between group A and B, P = 0.001.
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the same grade but developed a grade I spondylolisthe-
sis.

Overall, using our definition for ADD, we found 
6 patients (46%) developed ADD while 7 (54%) did 
not. No correlation between disc height loss, Modic 
changes, Pfirrmann grade, and clinical outcomes (ODI/
VAS/ANS) was observed.

DISCUSSION

Long-term safety concerns of NRD include the risk 
of expulsion and the response of native tissues to the 
device. This is particularly relevant as the mean age at 
the time of implantation in this 22 patient series, oper-
ated at a single center, was quite young at 34.9 years. In 
this long-term study, 2 distinct patient populations were 
self-defined. Group A consisted of 8 patients that did 
not wish to fill out PROMs or undergo follow-up MRIs 
but nonetheless provided valuable long-term data on 
their ultimate surgical results. Group B consisted of 14 
patients that participated fully in our study. When both 
groups are pooled together, their baseline and 1-year 
outcomes in ODI, VAS Back, and ANS are near identi-
cal to the original published article by Ahrens,9 suggest-
ing some of the current findings may be extrapolated to 
the original larger set of patients. We were able to obtain 
anonymized patient-level data from the original authors 
on 74 of the original 85 DASCOR patients with a full 

PROM data set at 1 year postsurgery for comparison. 
Groups A and B had comparable PROM scores at base-
line but quite divergent outcomes at 1 year with results 
significantly superior in group B. Six patients (75%) in 
group A needed revision of their implanted DASCOR 
device, and the other 2 patients (25%) needed other 
lumbar surgeries, while only 1 of 14 patients (7%) in 
group B needed a secondary surgery (ALIF at an adja-
cent level) 8 years after the initial implant surgery.

The encouraging outcomes in group B are also 
apparent in their MRI results. There were no expulsions 
or migrations noted, and a relative paucity of signifi-
cant adjacent segment degeneration. Six patients (46%) 
developed radiological ADD while 7 (54%) did not, at a 
mean of 11.5 years. Subsidence (loss of disc height ≥3 
mm) occurred in 1 patient at the index level and 1 other 
patient at an adjacent level. Furunes11 et al assessed the 
8-year follow-up on 126 of 173 patients from a random-
ized trial comparing TDR with multidisciplinary reha-
bilitation using MRI. ADD occurred in 40% of TDR 
and 42% nonoperative patients. There was no associa-
tion between ADD and change in ODI.

Modic et al12,13 and de Roos et al14 described endplate 
MRI signal intensities associated with degenerative 
intervertebral disc disease. In this patient population 
with implantation of the DASCOR device uniformly 
increased the central endplate stress15 and according 
to Wolff’s law, the increased stress would have led to 
central endplate bone re-formation.16 This is supported 
by long-term radiological data, which show the pres-
ence of Modic Type 2 and 3 changes in all patients, 
representing structural adaptation of the endplate. The 
clinical relevance of these endplate changes is unclear 
given that all endplates remained structurally intact, and 
87% of these patients had excellent long-term clinical 
outcomes.

The separation of patients into groups A and B is 
heavily biased by each patient’s own clinical results. 
Patients that had better clinical outcome were more 
likely to participate in this follow-up study, but why did 
some patients go on to benefit from nucleus replace-
ment more than others? A discrepancy in PROMs was 
evident as early as 1 year following surgery. There were 

Table 2.  Patient-reported outome measures for long-term follow-up patients.

PROM Baseline 12 Months LTFU

 �  Mean (SEM) Mean (SEM) Mean Change vs Baseline (SEM) P Value Mean (SEM)
Mean Change vs Baseline 

(SEM) P Value

ODI 55.1 (3.4) 18.5 (3.7) −36.6 (19.0) <0.0001 21.7 (4.5) −33.4 (18.4) <0.0001
VAS back 7.6 (1.4) 2.2 (2.1) −5.4 (2.9) <0.0001 3.6 (2.6) −4.0 (2.8) <0.0001
ANS 1.3(0.9) 0.5 (0.6) −0.8 (1.1) 0.002 0.8 (1.2) −0.5 (1.4) 0.07

Abbreviations: ANS, analgesic score; LTFU, long-term follow-up; ODI, Oswestry Disability Index; PROM, patient-reported outcome measure; VAS, visual analog scale.

Figure 4.  Baseline (BL), 1-year, and long-term follow-up (LTFU) patient-
reported outcome measures reported as mean ± SEM. Back visual analog 
scale (VAS) reported in mm.
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demographic differences between the 2 groups, as group 
A was older by a mean of 6.0 years (not statistically 
significant), while group B had much higher percent-
age of female patients (63% vs 93%). Another possible 
difference, considering all 8 patients in group A had 
secondary surgeries, may be related to the accuracy of 
diagnosis. The original inclusion criteria by Ahrens9 
included positive discography at the index level. While 
this technique was widely considered the Gold stan-
dard at the time for diagnosing discogenic back pain, 
a number of studies have since challenged the accu-
racy of provocative discography. Current guidelines 
for performing provocative discography may be associ-
ated with better positive predictive value and improved 
safety profile.17 Additionally, Ahrens9 excluded patients 
with advanced facet joint disease but did not oblige other 
diagnostic requirements for those with mild or moder-
ate facet joint disease nor documented the use of sac-
roiliac joint provocative maneuvers. It is possible that 
additional exclusionary tests to rule out other sources 
of low back pain using validated medial brachial blocks 
or sacroiliac joint blocks or metabolic imaging, such 
as bone scan with single photon emission computed 

tomography, could have further distilled out those more 
likely to benefit from NRD.

This study has several limitations. The study popu-
lations of groups A and B appear to have had similar 
features to the larger published multicentric population 
of patients previously published by Ahrens9 with 2-year 
follow-up data, but still represents only 1 center. A 
larger study would have evened out variabilities noted 
in demographics. Longer clinical follow-up on group A 
patients could have been helpful to confirm the trends 
at 1 year, although 10+ year MRI follow-up would not 
have made a difference as most of these patients went 
on to have their implants removed. It is also difficult 
to comment on the actual cause of failure in group A 
without relevant clinical and additional imaging infor-
mation to assure the implants themselves did not fail or 
were not otherwise directly related to poor clinical out-
comes. At least it is known that none of the DASCOR 
trial patients had migration or expulsion at 2 years, and 
none of the patients in group B did, at 11.5 years. Addi-
tional limitation, inherent to all retrospective studies, 
includes some data that were not available for all 
patients.

Table 3.  Baseline demographics for groups A and B.

Characteristic Group A (n = 8) Group B (n = 14) P Value

Age, y, mean (SD) 38.5 (3.2) 32.6 (2.1) 0.061
Baseline ODI, mean (SD) 57.5 (4.6) 54.7 (3.6) 0.388
Baseline VAS back, mean (SD) 7.1 (0.4) 7.6 (0.4) 0.404
Baseline ANS, mean (SD) 1.3 (0.4) 1.3 (0.4) 0.357
Sex, M/F, n (%) 5 (63%)/3 (38%) 1 (7%)/13 (93%)
Smoker, n (%) 1 (12.5%) 6 (43%)
Level treated, n (%)
 �L 4/5 4 (50%) 9 (64%)
 �L 5/S1 4 (50%) 5 (36%)

Abbreviations: ANS, analgesic score; ODI, Oswestry Disability Index; VAS, visual analog scale.

Figure 5.  Long-term magnetic resonance imaging (MRI) results, mean 11.5 years. T2-weighted midsagittal views.
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The results of this series of patients support this type 
of NRD as a viable long-term treatment in well selected 
patients. It may be worthwhile to revisit the technical 
limitations that prevented DASCOR from gaining wider 
acceptance and full regulatory clearance. The need for 
improving the fundamentals of diagnosing discogenic 
low back pain is essential in future trial designs.

CONCLUSIONS

We were able to analyze LTFU data for a subset 
of patients at a single institution participating in the 
DASCOR clinical trial. While the clinical and radiolog-
ical outcomes are very encouraging, this series reports 
on a minority of patients originally implanted with the 
DASCOR device and conclusions should be interpreted 
with caution. Additional studies on this device or other 
similar devices would add to our knowledge regarding 
ideal treatment of discogenic low back pain in younger 
patients. Continued enthusiasm for NRDs appears war-
ranted.
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