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Do presence and location of annular tear influence clinical outcome after
lumbar total disc arthroplasty? A prospective 1-year follow-up study

James J. Yue, MD a,*, Connor Telles, MD a, Thomas P. Schlösser a,b,
Shawn Hermenau, MD a, Ravi Ramachandran, MD a, William D. Long III, MD a

a Department of Orthopaedic Surgery and Rehabilitation, Yale University School of Medicine/New Haven Hospital, New Haven, CT
b Department of Orthopedics, University Medical Center Utrecht, Utrecht, the Netherlands

Abstract

Background: Lumbar total disc arthroplasty is often performed in patients with axial back pain. There are multiple etiologies for axial back
pain, including disc degeneration and annular tears. The location of these annular tears can vary, producing differing preoperative
symptomatology. Intraoperatively, disruptions in the annulus are identifiable, and it has been suggested that patients with discrete annular
tears may have better clinical outcomes after surgery. The purpose of this study was to investigate whether the presence and location of
annular tears have an effect on clinical outcomes after lumbar total disc arthroplasty.
Methods: Patients undergoing a single-level anterior disc replacement from L3-S1 at a single site by a single surgeon were evaluated
preoperatively for the presence or absence of annular tears with magnetic resonance imaging. All patients were part of either the ProDisc (n � 41)
Synthes, Paoli, Pennsylvania) or Activ-L (n � 19) (Aesculap [B. Braun Melsungen AG], Tuttlingen, Germany) lumbar prospective clinical trials.
n those patients with annular tears, the location of the tear (central, paracentral, or lateral) was documented. Patients were assessed at 6 and 12
onths after lumbar total disc arthroplasty with the Oswestry Disability Index (ODI), visual analog scale (VAS) score for back pain, VAS score

or leg pain, and radiographic imaging. All radiographic evaluations were conducted by an attending neuroradiologist and an attending spinal
urgeon, and reliability testing was performed. An analysis of variance was performed among the 3 anatomic locations of annular tears.
esults: A total of 60 patients were included and had complete 12-month follow-up. The prevalence of annular tears among all patients was 42%

n � 25). Outcome data in patients without annular tears were as follows: ODI, 66% preoperatively and 26% postoperatively; VAS score for back
ain, 8.0 preoperatively and 2.6 postoperatively; and VAS score for leg pain, 2.9 preoperatively and 1.2 postoperatively. Among those patients with
ears, the prevalence of central tears was 80%, the prevalence of paracentral tears was 12%, and the prevalence of lateral tears was 8%. Outcome
ata in patients with central tears were as follows: ODI, 66% preoperatively and 26% postoperatively; VAS score for back pain, 7.8 preoperatively
nd 2.6 postoperatively; and VAS score for leg pain, 5.2 preoperatively and 0.5 postoperatively. Outcome data in patients with paracentral tears
ere as follows: ODI, 86% preoperatively and 59% postoperatively; VAS score for back pain, 8.8 preoperatively and 3.3 postoperatively; and VAS

core for leg pain, 5.0 preoperatively and 5.4 postoperatively. Outcome data in patients with lateral tears were as follows: ODI, 6.5 preoperatively
nd 2.6 postoperatively; VAS score for back pain, 9.2 preoperatively and 0.2 postoperatively; and VAS score for leg pain, 1.4 preoperatively and
.7 postoperatively. In those patients with paracentral tears, there was a significantly higher incidence of postoperative radicular symptoms both
rom an intensity standpoint and from a duration standpoint. Other complications did not vary among those patients with or without annular tears.
onclusions: Although patients with annular tears and patients without annular tears improve after lumbar artificial disc replacement, those with

entral annular tears or without tears have significantly lower disability scores than those with paracentral tears or lateral tears, whose outcome
cores showed significantly less improvement (P � .03). In particular, patients with central tears have less postoperative leg pain than those with
aracentral annular tears. In this study the presence or absence of an annular tear on magnetic resonance imaging was not a significant predictive
actor for clinical outcome. Further investigation regarding the effects of paracentral annular tears and surgical techniques should be explored.
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Axial back pain is often a consequence of disc injury rather
than musculotendinous or ligamentous strain, and it is often
debilitating to patients. Experimental evidence suggests that
disc injury results not necessarily from an acute traumatic
etiology but rather results from an internal disruption of the
annular lamellae as a result of a chronic degenerative pro-
cess. Violations of disc integrity can be seen on magnetic
resonance imaging (MRI) as separations in the annulus or at
the vertebral insertions. Annular tears are most easily as-
sessed during discography, where contrast can egress from
the nucleus beyond the annular boundary. Annular tears
have been seen in over one-third of asymptomatic patients,
so their presence alone does not necessitate intervention.
Significant controversy exists between the diagnostic imag-
ing evidence and the clinical manifestation of such disc
degeneration. Chemical and structural changes leading to an
annular tear can cause pain through the stimulation of sinu-
vertebral nerves innervating the outer one-third of the an-
nulus or chemical irritation of adjacent nerve roots.1,2

Disc arthroplasty has been shown to be an effective
treatment for discogenic lower-back pain in patients with
degenerative disease.3–6 Preoperative MRI is used to eval-
uate the level of degeneration and relative health of the
discs, potentially also identifying any annular tears as high-
intensity zones (HIZs) on T2-weighted imaging. The role of
MRI in predicting clinical outcome has been identified for
nonsurgical treatment of diseases of the lumbar spine.7,8

The goal of this prospective study is to evaluate (1) the
prognostic value of the presence of an annular tear on MRI
in patients undergoing lumbar total disc replacements and
(2) the prognostic value of its location (if there is an annular
tear).

Methods

Patient evaluation

Prospective data were collected for single-level lumbar
total disc replacements performed at Yale New Haven Hos-
pital, New Haven, Connecticut, from July 2003 through
July 2008. All patients had back pain at a single level of the
lumbar spine, with or without leg pain. After a minimum of

Fig. 1. Examples of 3 different anatomic locations of annular tears on MRI

same way herniations of the intervertebral disc are defined.
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6 months of unresponsiveness to adequate conservative
treatment, patients underwent randomization. Patients par-
ticipating in the ProDisc-L (Synthes, Paoli, Pennsylvania)
trial were randomized to lumbar total disc replacement or
fusion. Patients participating in the Activ-L (Aesculap [B.
Braun Melsungen AG], Tuttlingen, Germany) trial were
randomized to ProDisc or Activ-L lumbar total disc replace-
ment. Exclusion criteria were as follows: at least 3 mm of
translation or at least 5° of angulation, presence of osteo-
phytes, disc height at least 2 mm smaller compared with
adjacent level, herniated nucleus pulposus, or facet joint
degeneration. Inclusion criteria were age between 18 and 60
years, willingness and physical ability to participate in the
study for a minimum of 1 year of follow-up, Oswestry
Disability Index (ODI) greater than 40%, visual analog
scale (VAS) score for back pain greater than 40 mm (on a
100-mm VAS), and anterior accessibility of the lumbar
spine. MRI evaluation for the presence and location of
annular tears was conducted preoperatively by an attending
neuroradiologist and an attending spinal surgeon. The pres-
ence of an annular tear was dichotomized into absent or
present. An annular tear was defined as a fissure or focal
hyperintensity within the posterior part of the annulus fi-
brosus without focal extrusion on T2-weighted imaging.
When an annular tear was present, its location (central,
lateral, or paracentral) was noted by the same experienced
clinicians (Fig. 1). Localization of tears was defined in the
same way disc herniations are defined (ie, lateral location is
anatomically extraforaminal). Reliability testing showed
high agreement between the observers (94% concordance,
� � 0.89).

linical outcome

Disability and pain scores were acquired with the ODI
nd VAS for back pain at 3 time points: preoperatively and
t 6 and 12 months postoperatively. Patients participating in
he Activ-L trial had VAS scores for leg pain compiled at
he same time. Only cases with complete 1-year follow-up
ere used for this study. In addition to questionnaires,
atients underwent clinical and radiographic evaluation at
ach clinical visit and complications were noted. Intraoper-

l, paracentral, and lateral. The location of annular tears was defined in the
: centra
 by guest on April 8, 2024m/

http://ijssurgery.com/


lumbar

15J.J. Yue et al. / International Journal of Spine Surgery 6 (2012) 13–17
ative complications, duration of the procedure, and blood
loss were also noted. All procedures were performed by the
senior author. Bias regarding the primary outcome measure-
ments was avoided with patients’ responses on question-
naires. Data were analyzed by an independent examiner
who was not involved in the surgical procedures or postop-
erative follow-up.

Statistical analysis

Data collection was performed with Excel 2007 for Win-
dows (Microsoft, Redmond, Washington). Statistical anal-
ysis was performed with SPSS for Windows, version 17.0
(SPSS, Inc., Chicago, Illinois). For each cohort, analyses of
differences in continuous data over time were performed
with paired t-tests. Analysis of variance was used for anal-
ysis between the cohorts. Fisher’s Least Significant Differ-
ence (LSD) post hoc tests were used for analysis of clinical
outcome on different locations. Bonferroni correction was
used to test the possible presence of a type I error. A P value
of .05 was considered statistically significant.

Results

Demographic

During the research period, 68 patients were randomized
to lumbar total disc replacement. Eight patients did not
fulfill all follow-up criteria because of distant places of
domicile. Preoperative radiographic evaluation of included
patients resulted in 35 patients without annular tears and 25
patients with disruption on MRI. Of the patients without
annular tears, 25 (71%) were men, as compared with 13
(52%) with annular violation. The mean age in the no-tear
cohort was 39 years (SD, 7 years), and that in the tear cohort
was 36 years (SD, 8 years). Of the observed annular tears,
80% were centrally localized, 12% laterally, and 8% para-
centrally. There were no patients with multiple tears in
different locations. ProDisc total disc replacement was per-
formed in 24 patients (69%) without annular tears and 17
patients (68%) with tears on MRI. In the tear group, 15

Fig. 2. Mean ODI scores (shown as percentages) in patients with annular
tears. Data were prospectively compiled before and 12 months after total
patients (75%) with central tears, 1 (33%) with a paracentral
http://ijssurgery.coDownloaded from 
tear, and 1 (50%) with a lateral tear received ProDisc im-
plants. Sixty-three percent of all procedures were performed
at the lumbosacral level. All other procedures were per-
formed at lumbar level L4-5. An artificial disc was used at
L5-S1 in 20 patients (57%) without annular tears and 18
patients (72%) with annular tears. The frequencies of oper-
ative level L5-S1 by subcohort were 15 (75%) in central-
tear patients, 2 (67%) in paracentral-tear patients, and 1
(50%) in lateral-tear patients.

Clinical outcomes

In both patients with annular tears and those without
annular tears, mean ODI and VAS scores decreased over
time with statistical significance (P � .001) (Figs. 2– 4).
ODI scores decreased from 66% to 26% in patients with-
out annular tears (P � .001) and from 68% to 30% in
patients with annular tears (P � .001). In the subcohorts
of patients with central, paracentral, and lateral tears, the
ODI scores decreased from 66% to 26% (P � .001), from
86% to 59% (P � .101), and from 65% to 26% (P �
.016), respectively. VAS scores for back pain showed a
statistically significant decrease over time both in pa-
tients with annular tears and in those without annular
tears, from 8.0 to 2.6 (P � .001) and from 8.1 to 2.5,
respectively. In the central-tear subcohort, the decrease in
VAS scores for back pain, from 7.8 to 2.6, was significant
(P � .001). In patients with tears in the lateral or para-
central locations, the decrease was not statistically sig-
nificant over time. Over time, the decrease in mean VAS
scores for leg pain was statistically significant for the tear
cohort and central-tear subcohort, from 4.4 to 1.5 (P �
.024) and 5.2 to 0.5 (P � .003), respectively.

Analyses with analysis of variance resulted in no sta-
tistically significant differences between the cohort with
annular tears and the cohort without annular tears. No
differences were seen for either mean clinical outcome
scores at 12 months’ follow-up (P � .109) or mean
decrease over time (P � .238). LSD post hoc tests
showed that patients with paracentral tears had signifi-

ivided into 3 cohorts based on tear location) and patients without annular
disc replacement.
tears (d
cantly higher ODI scores at 12 months postoperatively
 by guest on April 8, 2024m/
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than central-tear patients and patients without annular
tears (P � .022 and P � .019, respectively). Bonferroni
post hoc tests did not show significant differences in ODI
scores between these patients with annular tears at dif-
ferent locations (P � .113 and P � .130, respectively).
LSD post hoc tests showed that patients with paracentral
annular tears had significantly higher VAS scores for
back pain at 12 months postoperatively compared with
patients with centrally localized annular tears (P � .019)
and with patients without tears (P � .030). Bonferroni
post hoc tests did not show significant differences in VAS
scores between these patients with annular tears at dif-
ferent locations (P � .183 and P � .115, respectively).

o significant differences in clinical outcome scores
ere seen between patients with lateral tears and other
atients.

In those patients with paracentral tears, there was a
igher incidence of postoperative radicular symptoms both
rom an intensity standpoint and from a duration standpoint.
o cases of loosening, mechanical failure, infection, or

usion at the affected segment occurred in this series. Fur-
hermore, no intraoperative complications or neurovascular
omplications were identified during follow-up.

Fig. 3. Mean VAS scores for back pain in patients with annular tears (divid
were prospectively compiled before and 12 months after total lumbar disc

Fig. 4. Mean VAS scores for leg pain in patients with annular tears (divid

were prospectively compiled before and 12 months after total lumbar disc replac
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iscussion

Carragee and Kim9 showed that the morphometric fea-
tures of disc herniation and the spinal canal on MRI are
powerful predictors of clinical outcome after surgical treat-
ment of disc herniations. In this prospective study, the
presence of annular tears on MRI examination had no prog-
nostic value for clinical outcome after treatment of degen-
erative disc disease with artificial disc replacement. How-
ever, patients with paracentral localization of annular tears had
worse outcomes than patients with central annular tears or
patients without annular tears. Paracentral localization of an-
nular tears on MRI cannot be generalized as a negative
prognostic factor for clinical outcome after lumbar total disc
replacement, however, when accounting for Bonferroni
correction.

Lumbar disc arthroplasty has emerged as an alternative to
lumbar fusion in the treatment of degenerative disc disease and
discogenic back pain. Although the effectiveness of lumbar
total disc replacement is still being evaluated, it is important to
define the predicting and complicating factors for the patient’s
clinical course. The indications for these procedures include
degenerative changes in the vertebral disc, which—by defini-

3 cohorts based on tear location) and patients without annular tears. Data
ement.

3 cohorts based on tear location) and patients without annular tears. Data
ed into
ed into

ement.
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tion—include annular tears. The sole presence of an annular
tear is not an indication for disc replacement. In our study an
annular tear was seen in 25 patients (41%) with complete follow-
up. A particular difficulty for this type of study is the relative
ubiquity of tears in the general population. Ernst et al.10 reported
11 annular tears in 30 asymptomatic volunteers (36.7%), whereas
7 years earlier, Stadnik et al.11 found annular tears in 20 of 36
asymptomatic volunteers (56%) at the same medical center. In this
study reliability testing for observing annular tears on MRI
showed high agreement. This corresponds to the interobserver and
intraobserver agreement reported by Arana et al.,12 who showed
lmost perfect agreement for diagnosis of annular tears by MRI.

There is a general paucity of information regarding the natural
istory of annular tears. Disruption of the normal annular lamellae
r internal disc architecture results in annular tears on MRI ex-
mination. The disc is able to leak out nuclear material from this
iolation and cause chemical irritation or mass effect on the
djacent nerve root, resulting in radiculopathy. The extrusion of
uclear material results in a poor capacity for the annulus to repair
tself and thus continues to manifest as chronic back pain.13,14

Conversely, there has been documented correlation of annular
tears eliciting pain during discography in symptomatic patients
with positive predictive values over 85%.15,16 Therefore the tear

ay not necessarily be considered an acute abnormality and more
ikely represents a phase in the internal degeneration of a disc, as
escribed by Kirkaldy-Willis et al.17 Our study suggests that the

presence or absence of tears does not predict clinical outcome after
treatment of degenerative disc disease. Munter et al.14 looked at
annular tears on serial MRI scans to determine whether there was
any ability to date annular tears and to describe the natural radio-
logic course. They reported that MRI findings of annular tears do
not change over time and, therefore, no conclusion can be made
regarding the chronicity of the lesion.

The diagnostic value of HIZs on T2-weighted MRI is still
being evaluated for reliably identifying annular tears. Annular
tears are most easily assessed during discography, where contrast
can egress from the nucleus beyond the annular boundary. Dis-
cography, however, remains an invasive procedure. Lam et al.18

showed significant correlation between lumbar disc HIZs with
pain reproduction during discography and implied tear as a pain
indicator. Peng et al.16 reported similar results, with all 17 discs
with HIZs showing painful reproduction and abnormal morphol-
ogy on discography. Earlier reports are conflicting, however, be-
cause Carragee et al.19 found that the same percentage of asymp-
tomatic and symptomatic discs with HIZs were painful during
discogram. This led the authors to conclude that HIZs do not
reliably indicate the presence of symptomatic disc disruption.19

The current study did not investigate correlations between HIZs
and preoperative discography results when analyzing the out-
comes of disc replacement.

In conclusion, patients with or without annular tears improve
after lumbar anterior disc replacement. In addition, patients with
central annular tears or without tears have significantly lower
disability scores than those with paracentral tears, whose outcome
scores were significantly worse (P � .03). In particular, patients

with central tears improve more with less postoperative leg pain

http://ijssurgery.coDownloaded from 
than patients with paracentral annular tears. Further investigation
regarding the effects of paracentral annular tears and surgical
techniques should be explored.
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