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To characterize the inter- and intraobserver variability of
qualitative, non-disk contour degenerative findings of the
lumbar spine at magnetic resonance (MR) imaging.

The case accrual method used to perform this institutional
review board-approved, HIPAA-compliant retrospective
study was the random selection of 111 interpretable MR
examination cases of subjects from the Spine Patient Out-
comes Research Trial. The subjects were aged 18-87
years (mean, 53 years * 16 [standard deviation|). Four
independent readers rated the cases according to defined
criteria. A subsample of 40 MR examination cases was
selected for reevaluation at least 1 month later. The follow-
ing findings were assessed: spondylolisthesis, disk degen-
eration, marrow endplate abnormality (Modic changes),
posterior anular hyperintense zone (HIZ), and facet ar-
thropathy. Inter- and intraobserver agreement in rating
the data was summarized by using weighted k statistics.

Interobserver agreement was good (k = 0.66) in rating
disk degeneration and moderate in rating spondylolisthe-
sis (k = 0.35), Modic changes (k = 0.59), facet arthropa-
thy (k = 0.54), and posterior HIZ (k = 0.44). Interob-
server agreement in rating the extent of Modic changes
was moderate: k Values were 0.43 for determining supe-
rior anteroposterior extent, 0.47 for determining superior
craniocaudal extent, 0.57 for determining inferior antero-
posterior extent, and 0.48 for determining inferior cranio-
caudal extent. Intraobserver agreement was good in rating
spondylolisthesis (k = 0.66), disk degeneration (k = 0.74),
Modic changes (k = 0.64), facet arthropathy (x = 0.69),
and posterior HIZ (k = 0.67). Intraobserver agreement in
rating the extent of Modic changes was moderate, with
values of 0.54 for superior anteroposterior, 0.60 for infe-
rior anteroposterior, 0.50 for superior craniocaudal, and
0.60 for inferior craniocaudal extent determinations.

The interpretation of general lumbar spine MR character-
istics has sufficient reliability to warrant the further evalu-

ation of these features as potential prognostic indicators.

© RSNA, 2008

Supplemental material: http://radiology.rsnajnls.org/cgi
/content/full/2493071999/DC1
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ow back pain is highly prevalent

and has substantial socioeconomic

implications (1). Radiating leg pain
is often caused by spinal abnormalities.
Magnetic resonance (MR) imaging is
frequently used to examine patients
who have low back pain with or without
leg pain. The relationships between an-
atomic abnormalities of the lumbar
spine detected at MR imaging, clinical
history, and patient outcome are con-
troversial. Previous work has revealed a
high prevalence of spine abnormalities
in asymptomatic patients (2-7). MR im-
aging of the spine can depict alterations
in both the anatomy (eg, herniation,
stenosis) and tissue properties (eg, disk
desiccation, reactive marrow changes),
which then need to be considered
within a clinical context.

In addition to disk contour abnor-
malities (eg, bulge, herniation), many
spine MR-depicted degenerative find-
ings involving the intervertebral disks,
bone marrow, neuroforamina, spinal
canal, and facet joints exist and may be
overlooked or poorly understood by
those treating patients with spine con-
ditions (8). These structures contain no-

Advances in Knowledge

® With use of a sample of 111 base-
line MR examination cases col-
lected to evaluate the reliability of
non-disk contour degenerative
findings at MR imaging, interob-
server agreement was good in
rating disk degeneration and
moderate in rating spondylolisthe-
sis, Modic-type degenerative
changes, facet arthropathy, and
posterior hyperintense zone.

B The intraobserver agreement
based on 40 MR examination
cases was good for rating spon-
dylolisthesis, disk degeneration,
Modic-type degenerative changes,
facet arthropathy, and posterior
HIZ.

B [nter- and intraobserver agree-
ment was moderate for rating the
superior anteroposterior, inferior
anteroposterior, superior cranio-
caudal, and inferior craniocaudal
extents of Modic-type changes.

ciceptors and thus may be pain genera-
tors that contribute to a clinical condi-
tion (eg, lumbago, neurogenic claudi-
cation, or sciatica) and have the poten-
tial to help predict a good or poor
outcome of treatments (eg, surgery).
Variations in rates of surgery may be
related in part to substantial variability
among physicians in interpreting the ab-
normalities identified with advanced ra-
diologic techniques (9).

One objective of the Spine Patient
Outcomes Research Trial (SPORT) is to
improve treatment recommendations
and health outcomes for patients with
chronic low back pain by assessing the
role of lumbar spine MR imaging find-
ings as indicators of the prognosis.
Some imaging features of the lumbar
spine have been shown to be useful pre-
dictors of diagnoses. The MR imaging
findings of intervertebral disk anular hy-
perintense zone (HIZ) (10) and degen-
erative marrow changes (11) are associ-
ated with positive concordant diskogra-
phy results. Bone scintigraphy with
single photon emission computed to-
mography is used to predict response to
facet injections (12). We considered
that MR imaging findings— either alone
or in combination with clinical parame-
ters—might have the potential to serve
as predictors of outcome. In medical
prediction models, clinical parameters
often dominate test findings, and this
may reflect a lack of granularity in rating
diagnostic tests such as imaging. The
feature-rating data reported by radiolo-
gists may be merged into a prediction
model to improve diagnostic accuracy,
make a prognosis, or quantitate risk.
Methodology standards should be fol-
lowed to generate high-quality validated
and robust prediction models (13). To
effectively use the presence of a finding
as a predictor of outcome, those inter-
preting the images must reliably assess
the finding. One reason that a model

Implication for Patient Care

® Non-disk contour degenerative
findings of the spine at MR imag-
ing have sufficient reliability to be
further evaluated as potential
prognostic indicators.

might lose its predictive power is the
incorrect assessment of features (pre-
dictors), which causes the inputs in the
prediction model to be faulty.

It is well known in radiology that
observer performance can be an impor-
tant source of variability in imaging-
based diagnoses. Some prior work re-
garding observer performance in the in-
terpretation of lumbosacral spine MR
imaging data has been done in a variety
of settings involving intervertebral disk
and other abnormalities (14-19). Re-
sults of these prior investigations sug-
gest that the reliability of characterizing
non-disk contour lumbar spine MR im-
aging findings is reasonable, and we
considered whether these might serve
as predictors of outcome. However,
these prior studies were limited by their
focus on only one finding (14,16-19),
small sample size of fewer than 25 MR
examination cases (15), and having
fewer than four readers (14,17-19).
These investigations were also focused
primarily on clinical diagnostic work,
whereas we were interested in the ef-
fectiveness of MR imaging findings as
potential predictors of outcome. Thus,
our purpose in this investigation was to
characterize the and intraob-
server variability of qualitative, non-
disk contour degenerative findings of
the lumbar spine at MR imaging.

inter-
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Materials and Methods

This retrospective study was approved
by the Committee for Protection of Hu-
man Subjects at Dartmouth College and
was Health Insurance Portability and
Accountability Act compliant. Informed
subject consent was waived for this in-
vestigation, in which deidentified data
from the SPORT were used.

Case Accrual and Image Acquisition

The SPORT is an ongoing multicenter
randomized clinical trial funded by the
National Institute of Arthritis and Mus-
culoskeletal and Skin Diseases, with a
goal of comparing the outcomes be-
tween patients who undergo surgery or
nonsurgical treatment for the most
common spine diagnoses: interverte-
bral disk herniation, spinal stenosis,
and degenerative spondylolisthesis.
These abnormalities comprise the diag-
nostic subgroups of SPORT. The non-
surgical treatment protocol involved the
usual care recommended, which in-
cluded, at least, active physical therapy,
education and/or counseling with home
exercise Instruction, and nonsteroidal
antiinflammatory drugs if they could
be tolerated. Nonsurgical treatments
were individualized for each patient and
were tracked prospectively. Thirteen
spine centers participated in the re-
search study. SPORT-eligible partici-
pants had symptoms and confirmatory
signs of lumbar radiculopathy that per-
sisted for at least 6 weeks—with disk
herniation at a corresponding level and
side at imaging—or they had neuro-
genic claudication or radicular leg pain
for 12 weeks, with imaging revealing
spinal stenosis with or without degener-
ative spondylolisthesis. All patients
were considered surgical candidates by
the enrolling physician.

Exclusion criteria included prior
lumbar surgery, cauda equina syn-
drome, scoliosis involving a vertebral
column curvature of greater than 15°,
vertebral fractures, spinal infection or
tumor, inflammatory spondyloarthropa-
thy, pregnancy, comorbid conditions
contraindicating surgery, or inability or
unwillingness to undergo surgery within
6 months. The inclusion and exclusion

criteria are also described in detail else-
where (20).

The baseline MR imaging examina-
tion cases of subjects enrolled in the
SPORT were used in this investigation
to evaluate finding reliability. The cases
were randomly sampled from all pa-
tients in the intervertebral disk hernia-
tion, spinal stenosis, and degenerative
spondylolisthesis diagnosis subgroups
of the SPORT who had available images
by using pseudorandom numbers gener-
ated by statistical software (SPLUS; In-
sightful, Seattle, Wash). A total of 578
complete MR examination cases were
available for this study. The random
sampling was performed by the study
statistician (T.D.T.). The number of MR
examination cases to be reviewed was
determined by using a sample size cal-
culation based on the standard error
of the « statistics. For each diagnostic
subgroup, it was determined, by using
the multireader variance formula of
Banerjee (21), that for an imaging
characteristic with a prevalence of
44%, an interobserver k value based
on 55 readings by the four readers
(J.A.C., E.J.C., R.H., J.K.) had an ap-
proximate standard error of 0.028, or
a coefficient of variation of less than
5%, for k values of 0.60 or higher. To
accommodate possible losses due to
unevaluable images, a total of 120 MR
examination cases were selected ini-
tially, and 111 of these were usable.
The subsamples of 20 herniated disk
cases and 20 spondylolisthesis or ste-
nosis cases were selected randomly to
study intraobserver agreement by us-
ing the same procedure.

The subjects’ demographic data and
diagnoses are listed in Table 1, and spe-
cific imaging findings in groups of pa-
tients based on the original interpreta-
tions of the enrolling clinicians are listed
in Table 2. The mean age of the subjects
was 53 years, about half of them were
women, most of them were white and
non-Hispanic, most had nerve root ten-
sion signs and neurologic deficits, and
their mean Oswestry Disability score at
baseline was 46. These characteristics
were generally similar to those of the
subjects in the overall SPORT group;
thus, the sample was believed to be rep-

resentative of the entire SPORT popula-
tion.

Initially, each observer judged im-
age quality to be good, fair, or inade-
quate for interpretation. These defini-
tions were subjective, without standard-
ization, and based on the experienced
observers’ assessments. The mean time
to reinterpretation was 122 days
(range, 54-372 days) for reader A, 105
days (range, 24-299 days) for reader B,
103 days (range, 42-301 days) for
reader C, and 107 days (range, 57-324
days) for reader D.

Lumbar spine MR images were ac-
quired from the clinical practices of
each trial site; as a result, a variety of
MR imaging techniques were per-
formed. Sagittal T1-weighted spin-echo
(400-600/8-14 [repetition time msec/
echo time msec]), sagittal T2-weighted
fast spin-echo or turbo spin-echo
(3372-5300/60-120 [repetition time
msec/effective echo time msec|, with
[n = 37] or without [n = 71] fat sup-
pression, echo train length of 10-18),
and axial T2-weighted fast spin-echo
(2400-3500/60-120 [repetition time
msec/effective echo time msec|, echo
train length of eight to 16) lumbar spine
images were acquired by using magnets
operating at a field strength of 1.5 T.
The following parameters were com-
monly used to perform these sequences:
90° flip angle, two to four acquired sig-
nals, 256 X 192 matrix, and 3.5-
4.0-mm section thickness with a 0.5-
1.0-mm intersection gap. The field of
view was 24-32 cm for sagittal images
and 20-24 cm for axial images. The im-
ages were collected electronically and
stored directly as DICOM (Digital Imag-
ing and Communications in Medicine)
files or collected as printed film hard
copies and then digitized by using a
high-definition scanner and stored in
the DICOM format. All images were
deidentified for patient confidentiality.

Observers

The observers for the qualitative and
semiquantitative evaluations were four
physicians experienced in spine MR im-
age interpretation: three musculoskele-
tal radiologists and one orthopedic
spine surgeon. Two of the musculoskel-
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etal radiologists (R.H., J.K.) and the or-
thopedic spine surgeon (E.J.C.) had
more than 235 years experience reading
MR images, and one musculoskeletal ra-
diologist (J.A.C.) had 12 years experi-
ence reading them. Each observer re-
ceived training and a handbook contain-
ing standardized definitions of imaging
characteristics, with pictorial and dia-
grammatic examples (Appendix El,
http://radiology.rsnajnls.org/cgi/content
/full/2493071999/DC1). Definitions were
derived from the literature or in consen-
sus. Prior to study initiation, the readers
evaluated a sample set of images and held
an in-person meeting to review them and
refine the standardized definitions.

Image Evaluation

The non-disk contour degenerative
spine MR findings assessed were spon-
dylolisthesis, disk degeneration, mar-
row endplate abnormality (Modic
changes), intervertebral disk posterior
anular HIZ, and facet arthropathy (ie,
osteoarthritis). All MR images were

presented to the observers on compact
disks created by using eFilm Lite soft-
ware (Merge Technologies, Milwaukee,
Wis). The types and numbers of display
monitors used were not standardized
across the readers. The image interpre-
tations were recorded by using a stan-
dardized data collection form on which
the reader was prompted to select from
multiple-choice lists of imaging findings
at each intervertebral disk level. The
MR examination cases to be reviewed
were prepared in monthly batches of
approximately 12 cases and included
cases from each diagnostic subgroup of
the SPORT (ie, intervertebral disk her-
niation, spinal stenosis, and degenera-
tive spondylolisthesis). The MR imaging
findings reviewed are described in the
following paragraphs. The training ma-
terials from the MR imaging review
handbook for our study that were used
for this investigation are also provided in
Appendix E1 (http://radiology.rsnajnls
.org/cgi/content/full/2493071999/DC1).
Spondylolisthesis was considered to

Table 1

Baseline Demographic and Clinical Characteristics

Patients in Intraobserver

Characteristic All Patients (7 = 111) Rating Analysis (7 = 40)
Age (y)* 53.5 = 16.2 51.8 +16.7
Female 57 (51) 22 (55)
Non-Hispanic 106 (96) 37 (92)
White 93 (84) 31(78)
Body mass index* 285+ 52 29.1 £55
Diagnosis

IDH 72 (65) 20 (50)

SPS 57 (51) 13 (32)

DS 25(22) 7(18)
Time since recent back pain episode, <6 months 29 (26) 24 (60)
Straight leg raise test, ipsilateral side 42 (38) 15 (38)
Straight leg raise test, contralateral or both sides 8(7) 4(10)

Any neurologic deficit 72 (65) 24 (60)

Any pseudoclaudication 54 (49) 20 (50)
Straight leg raising or femoral tension 53 (48) 20 (50)

Any pain radiation 100 (90) 36 (90)

Any neurologic deficit 72 (65) 24 (60)
Body pain score* 29.4 =175 29.6 = 16.9
Oswestry Disability score* 458 +21.2 469 + 21
Stenosis or sciatica bothersomeness score* 143 £59 139 £6.5

Note.—Unless otherwise noted, data are numbers of patients, with percentages in parentheses. DS = degenerative
spondylolisthesis, IDH = intervertebral disk herniation, SPS = spinal stenosis.

* Data are means =+ standard deviations.

164

be present when a displacement of
greater than 1 mm was identified at the
intervertebral disk level and was classi-
fied as anterolisthesis (forward slip) or
retrolisthesis (backward slip) on the ba-
sis of the position of the upper (ce-
phalic) vertebra with respect to the
lower (caudal) vertebra.

Disk degeneration was graded on a
five-point ordinal scale, as described by
Pfirrmann et al (14). In grade I disk
degeneration, the nucleus pulposus is
homogeneous and has high signal inten-
sity (bright white), there is clear distinc-
tion of the nucleus and the anulus, and
the height of the intervertebral disk is
normal. Grade Il degeneration has the
same features as grade | degeneration,
with the exception that the nucleus pul-
posus is inhomogeneous, with or with-
out horizontal bands. In grade Ill degen-
eration, the nucleus pulposus is inhomo-
geneous and the distinction of the
nucleus and the anulus remains clear;
however, the nucleus pulposus signal in-
tensity is intermediate and the height of
the intervertebral disk is normal to
slightly decreased. In grade IV degener-
ation, the nucleus pulposus is inhomo-
geneous with low to intermediate signal
intensity, distinction of the nucleus and
the anulus is lost, and the height of the
intervertebral disk is normal to moder-
ately decreased. In grade V degenera-
tion, the nucleus pulposus is hypoin-
tense (black) and either inhomogeneous
or homogeneous, distinction of the nu-
cleus and the anulus is lost, and the
height of the intervertebral disk indi-
cates a collapsed disk space.

Endplate marrow abnormality was
designated by using the Modic classifi-
cation system (22). Modic 1 refers to
edema-like signal intensity, Modic 2 re-
fers to fatlike signal intensity, and
Modic 3 refers to sclerosis-like signal
intensity. Each vertebral level was
scored by using the dominant Modic
change. Semiquantitative assessment of
the extent of alteration in endplate mar-
row signal intensity was performed for
each endplate involved above (inferior)
or below (superior) a specified interver-
tebral disk level. Each observer as-
sessed the degree of signal intensity al-
teration from the anteroposterior

Radiology: \/olume 250: Number 1—January 2009
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(=50% or >50%) and craniocaudal
(<25%, 25%-50%, or >50%) extents.

HIZ was defined, on the basis of the
original description, as an area of high
signal intensity in the posterior anulus
that was brighter than the nucleus pul-
posus depicted on the T2-weighted im-
ages (23). In addition to determining
whether an HIZ was present or absent,
we also noted the location of the
zone—if present; therefore, multiple
HIZs could be recorded. The location of
an HIZ was designated as central, pos-
terolateral, foraminal, or multiple. The
presence of an anterior HIZ was not
assessed. The location of the HIZ was
determined by using a combination of
the axial and sagittal planes.

The degree of facet osteoarthritis
was rated on an ordinal scale of normal,
mild, moderate, or severe by using cri-
teria developed by means of group con-
sensus, sample illustrative images, and
descriptions in the literature. Instead of
using formal definitions from the exist-
ing literature, we developed an exam-
ple atlas for our MR imaging review
handbook (Appendix E1, http://radiology
.rsnajnls.org/cgi/content/full/2493071999
/DC1).

Statistical Analyses

Frequency distributions of the assessed
imaging characteristics were calculated
according to reader. These distributions
of rating categories were compared for
systematic differences in the use of par-
ticular categories among readers by us-
ing a conditional logistic regression that
was based on dichotomized classifica-
tions, matching according to case, and
the inclusion of reader as a classification
variable. P values were calculated by
using Wald statistics for the reader vari-
able.

k Statistics (24) were used to sum-
marize the intra- and interobserver reli-
ability in rating the MR imaging data
and were calculated by using linear
weights to give more importance to dis-
agreements that were farther apart on
an ordinal scale. Intrareader k values
were calculated individually for each
reader, and interreader k values were
calculated for each reader pair. Disk
level was used as the unit of analysis. To

Table 2

Baseline Imaging Parameters Based on Original Interpretations of Enrolling Clinicians

Parameter

Patients in Intraobserver

All Patients (n = 111) Rating Analysis (n = 40)

Disk level of spondylolisthesis
L3-4
L4-5
Disk level of herniation
L2-3 or L3-4
L4-5
L5-S1
Herniation type
Protruding
Extruding
Sequestered
Posterolateral herniation
Disk level of stenosis
L2-3
L3-4
L4-5
L5-S1
No. of levels with moderate or severe stenosis
None
One
Two
Three or more
Stenosis location
Central
Lateral recess
Neuroforamen
Stenosis severity
Mild
Moderate
Severe

5 (4) 0(0)
24 (22) 7(18)
5(4) 0(0)
24 (22) 6 (15)
28 (25) 14 (395)
14 (13) 5(12)
39 (35) 15 (38)
4(4) 0(0)
46 (41) 19 (48)
6 (5) 2(5)
27 (24) 13(32)
52 (47) 19 (48)

8(7) 4(10)
1(1) 0(0)
29 (26) 9(22)
17 (15) 8 (20)
7(6) 3(8)
43 (39) 16 (40)
50 (45) 18 (45)
21 (19) 7(18)

1(1) 0
21 (19) 7(18)
32 (29) 13(32)

Note.—Data are numbers of patients, with percentages in parentheses.

accommodate the use of multiple levels
per individual, overall interreader k val-
ues and 95% confidence intervals were
calculated by using the bootstrap tech-
nique with 1000 samples each, with 111
MR examinations taken with replace-
ment from the individual image records
including all levels.

A weighted average of the pairwise
k values was calculated by using weights
based on the estimated standard errors.
The mean of the bootstrapped weighted
averages was used as the estimate, and
confidence intervals were determined
by using the quantiles of the bootstrap
distribution. For intrareader k analysis,
the images used included those that
were evaluable at the first and second
readings. The bootstrap procedure was

implemented by using 1000 samples
each, with 40 MR examinations taken
with replacement from the individual
image records used in the reliability
study. A stratified estimate of the over-
all weighted intrareader « value was cal-
culated at each bootstrap iteration. The
strength of agreement was interpreted
on the basis of the k values suggested by
Altman (25), as adapted from the
method of Landis and Koch (24): k Val-
ues of 0.81-1.00 indicated very good
agreement; 0.61-0.80, good agree-
ment; 0.41-0.60, moderate agreement;
0.21-0.40, fair agreement; and 0.20 or
lower, poor agreement.

Because there were variations in
both image acquisition technique and
image format, which may contribute to
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image variance to the extent that they
affect reader interpretations, we de-
rived agreement statistics (k values)
that were stratified according to a key
acquisition parameter (sagittal T2-
weighted fat-suppressed vs non-fat-
suppressed images) and a key image
format (digitized vs native digital) for
inter- and intraobserver reliability.

For interobserver analysis, 111 MR ex-
amination cases were rated by all four
readers. Forty of these cases were read
twice for assessment of intraobserver
agreement, with varying numbers of im-
ages reported as being evaluable by the
reader: 32 images were evaluable for
reader A; 35 images, for reader B; 38
images, for reader C; and 36 images, for
reader D.

The frequency distributions of the
four observers’ ratings of the lumbar
spine MR findings spondylolisthesis, in-
tervertebral disk posterior anular HIZ
(ie, posterior HIZ), disk degeneration,
marrow endplate abnormality (Modic
changes), and facet osteoarthritis are
shown in the Figure. There were similar
distributions across the readers for pos-
terior HIZ and Modic changes. At Wald
testing, the distributions were signifi-
cantly different across readers for spon-
dylolisthesis (P = .009) and facet ar-
thropathy (P = .0006), borderline signif-
icantly different for disk degeneration
(P = .035), and not significantly differ-
ent for posterior HIZ (P = .22) and
Modic changes (P = .52).

Interobserver Reliability

k Values for both overall interobserver
agreement and interobserver agree-
ment for each reader, with correspond-
ing 95% confidence intervals, are shown
in Table 3. Overall, there was good
agreement in rating disk degeneration
(k = 0.66) and moderate agreement in
rating spondylolisthesis (k = 0.35),
Modic changes (k = 0.59), facet ar-
thropathy (k = 0.54), and posterior HIZ
(x = 0.44). Regarding the extent of
Modic changes, overall agreement was
moderate in determining the superior
anteroposterior (k = 0.43), inferior

anteroposterior (k = 0.57), superior
craniocaudal (k = 0.47), and infe-
rior craniocaudal (k = 0.48) extents.
For ordinal findings (ie, disk degenera-
tion and facet arthropathy), there was
typically a difference of only one grade
between the observers.

Intraobserver Reliability

k Values for both overall intraobserver
agreement and intraobserver agree-
ment for each reader, with correspond-
ing 95% confidence intervals, are shown
in Table 4. Overall, there was good
agreement in the rating of most MR
findings: spondylolisthesis (k = 0.66),
disk degeneration (k = 0.74), Modic
changes (k = 0.64), facet arthropathy
(x = 0.69), and posterior HIZ (x =
0.67). Regarding the extent of Modic
changes, overall agreement was mod-
erate for determining the superior an-
teroposterior (k = 0.54), inferior an-
teroposterior (k = 0.60), superior
craniocaudal (k = 0.50), and inferior
craniocaudal (k = 0.60) extents.

Stratified analyses performed ac-
cording to specific parameter subsets
(sagittal T2-weighted image type and
image format type) revealed no qualita-
tive differences between inter- and in-
traobserver reliability data and overall
agreement k values (results not shown).
Therefore, no substantial variability
was introduced, regardless of whether
fat-suppressed sagittal T2-weighted im-
ages were acquired or whether the im-
ages were stored as digitized film hard
copies.

In this study, we used a sample of
baseline MR examination cases of sub-
jects enrolled in the SPORT. The im-
ages were rated by four independent
readers according to defined criteria
for non-disk contour-related degen-
erative MR findings, and a subgroup of
the images were rerated by the same
readers. We found that typically, in-
traobserver reliability was good and
interobserver reliability was moder-
ate. Thus, some variability existed be-
tween readers despite standardized
definitions and reader training. For

the ordinal findings (ie, disk degener-
ation and facet arthropathy), there
was typically a difference of only one
grade between observers.

Several prior studies of observer
variability have been performed. Mul-
conrey et al achieved good overall inter-
observer agreement (k = 0.728) among
four readers in rating 17 lumbar spine
MR examination cases (at 80 levels) for
the presence of spondylolisthesis (13),
which was substantially better than our
moderate agreement. The system that
we used to grade disk degeneration was
initially described and tested with three
readers who reviewed 60 MR examina-
tion cases (14). In that study, the k co-
efficients were moderate to good (k =
0.69-0.81) for interobserver agree-
ment and good to very good (k = 0.84-
0.90) for intraobserver agreement. By
using a simplified dichotomous defini-
tion of disk degeneration, Mulconrey
and colleagues (15) achieved good
agreement (k = 0.773) overall among
four observers. These values are similar
to the good interobserver and intraob-
server agreement that we achieved in
grading disk degeneration.

There have been several investiga-
tions of observer performance in the
evaluation of marrow endplate abnor-
malities (Modic changes). In a study by
Jones et al (16), five independent ob-
servers of differing experience read 50
MR examination cases (one level evalu-
ated per MR image) and found overall
interobserver agreement to be very
good (k = 0.85) and intraobserver
agreement to be good or very good (k =
0.71-1.00). These values are higher
than those that we derived. However, a
selection bias could have been intro-
duced in that study because the patients
were preselected on the basis of the MR
imaging features with only two normal
levels present. In addition, only one in-
terobserver agreement value was re-
ported, without mention of pairwise
comparisons; thus, it is unclear what
this value represented.

In another study, Peterson et al (17)
achieved moderate interobserver
agreement (k = 0.52) overall and good
intraobserver agreement (k = 0.71 and
0.87) overall for two readers in rating
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51 spine MR examination cases (at 255
levels); these results are similar to our
results with four readers. The investiga-
tion of Mulconrey et al (15), involving
the rating of 17 lumbar spine MR exam-
ination cases (at 80 levels) by four read-
ers, revealed good interobserver agree-
ment (k = 0.669). Our results for inter-
observer reliability were lower and
borderline good overall (k 0.59).
However, Mulconrey et al used a dichot-
omized classification system (present vs
absent), which would be expected to
improve concordance. These investiga-
tors did not evaluate intraobserver
agreement. We extended the work
done on Modic changes by also evaluat-
ing the extent of these alterations and

achieved moderate inter- and intraob-
server agreement.

The reliability of the diagnosis of
HIZ has also been evaluated. In the
study by Smith et al (18), who evalu-
ated the intervertebral disk posterior
anular HIZ and correlated this obser-
vation with provocative diskography
findings, two readers reviewed 175
MR examination cases without repeat
readings. Interobserver agreement in
rating the high-signal-intensity zone in
given disks was moderate (k = 0.57),
with a 95% confidence interval for k
values of 0.44 (fair) to 0.70 (good),
which was lower than the interob-
server agreement between two ob-
servers originally reported by Aprill

and Bogduck (23): 98% (66/67). Our
interobserver agreement (moderate)
and intraobserver agreement (good)
results are similar to those of Smith
et al (18).

In a study of imaging facet arthrop-
athy by Weishaupt et al (19), two mus-
culoskeletal radiologists independently
graded the severity of osteoarthritis in
308 lumbar facet joints at MR imaging.
These investigators used well-defined
criteria. In their study, the normal facet
joints showed a uniform joint space of
2-4 mm, without osteophytosis or sub-
chondral bone reaction. Mild (grade 1)
osteoarthritis was characterized by nar-
rowing of the facet joint space (<2 mm)
and/or small osteophytes, and/or mild

Table 3

Interobserver Variability Measured by Using Weighted « Statistics and Based on 111 MR Examination Cases

Finding Readers A and B Readers Aand C  ReadersAandD  ReadersBand C  ReadersBandD  Readers Cand D Overall
Spondylolisthesis 0.68 (0.56,0.78)  0.56 (0.45, 0.68) 0.43(0.32, 0.55) 0.60 (0.49, 0.71) 0.55 (0.45,0.65) 0.47 (0.36,0.57) 0.55 (0.48, 0.62)
Disk degeneration grade 0.64 (0.59, 0.70) 0.62 (0.56, 0.69) 0.67 (0.61,0.72) 0.70 (0.65, 0.75) 0.70(0.65,0.76) 0.63 (0.58, 0.69) 0.66 (0.63, 0.70)
Extent of Modic changes*  0.51 (0.37, 0.63) 0.59 (0.44,0.72) 0.58 (0.45,0.70) 0.57 (0.42,0.69) 0.56 (0.42,0.67) 0.74 (0.63,0.83) 0.59 (0.49, 0.68)

Superior anteroposterior  0.26 (—0.01, 0.54) 0.44 (0.22,0.70) 0.25(0.01,0.53) 0.54(0.30,0.79) 0.56 (0.28,0.82) 0.64 (0.39,0.84) 0.43(0.27, 0.61)
Superior craniocaudal ~ 0.33(0.11,0.54)  0.39 (0.20, 0.60) 0.54 (0.32, 0.74) 0.43(0.20, 0.65) 0.51(0.23,0.73) 0.72(0.53,0.88) 0.47 (0.33, 0.62)
Inferior anteroposterior  0.60 (0.39, 0.80) 0.71(0.47,0.94) 0.49(0.17,0.77) 0.42(0.16,0.67) 0.54(0.30,0.77) 0.67 (0.47,0.86) 0.57 (0.43, 0.69)
Inferior craniocaudal 0.41(0.18, 0.61) 0.47 (0.27,0.64) 0.48 (0.27,0.67) 0.53(0.29,0.78) 0.43(0.17,0.66) 0.62 (0.42,0.80) 0.48 (0.36, 0.60)
No vs any posterior HIZ 0.32(0.17,0.48) 0.38 (0.22, 0.55) 0.41(0.24,0.57) 0.44(0.31,0.57) 0.52(0.38,0.64) 0.58(0.43,0.71) 0.44(0.34, 0.55)
Facet arthropathy 0.53(0.47,0.59)  0.40(0.33,0.47) 0.55(0.48,0.61) 0.57(0.52,0.62) 0.63(0.58,0.68) 0.53 (0.48,0.59) 0.54 (0.50, 0.57)

on 1000 bootstrapped samples.

*Modic changes extent is contingent on Modic changes being present.

Note.—Data are « statistics for interobserver agreement in rating the given findings, computed by using 1000 bootstrapped samples. Numbers in parentheses are 95% confidence intervals based

Intraobserver Variability Measured by Using Weighted « Statistics and Based on 40 Repeated Readings

Finding Reader A Reader B Reader C Reader D Overall
Spondylolisthesis 0.74 (0.57, 0.88) 0.72 (0.57, 0.84) 0.54 (0.39, 0.70) 0.67 (0.53, 0.80) 0.66 (0.58, 0.74)
Disk degeneration grade 0.75 (0.65, 0.83) 0.67 (0.57, 0.76) 0.82(0.76, 0.88) 0.72 (0.65, 0.80) 0.74 (0.68, 0.79)
Extent of Modic changes* 0.56 (0.35, 0.76) 0.59 (0.40, 0.76) 0.67 (0.49, 0.80) 0.73 (0.60, 0.84) 0.64 (0.54, 0.74)

Superior anteroposterior —0. 17( 0.50, 0) 0.62 (0.21, 1.00) 0.45(0.02, 0.88) 0.92 (0.75, 1.00) 0.54 (0.33, 0.70)
Superior craniocaudal .5 (0, 1.00) 0.43 (0, 0.79) 0.57 (—0.10, 1.00) 0.42 (0, 0.84) 0.50 (0.23, 0.72)
Inferior anteroposterior 0. 31 (—0.27, 1.00) 0.64 (0.23, 0.92) 0.59 (0, 1.00) 0.67 (0.27, 0.94) 0.60 (0.31, 0.82)
Inferior craniocaudal 0.49 (—0.09, 1.00) 0.54 (0.19, 0.82) 0.77 (0.44,1.00) 0.56 (0.17, 0.81) 0.60 (0.40, 0.77)
None vs any posterior HIZ 0.58 (0.20, 0.88) 0.59 (0.40, 0.76) 0.71(0.49, 0.88) 0.79 (0.58, 0.95) 0.67 (0.53, 0.78)
Facet arthropathy 0.64 (0.56, 0.72) 0.66 (0.57, 0.74) 0.71(0.63, 0.79) 0.73 (0.66, 0.80) 0.69 (0.64, 0.74)

on 1000 bootstrapped samples.
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* Modic changes extent is contingent on Modic changes being present.

Note.—Data are « statistics for intrabserver agreement in rating the given findings, computed by using 1000 bootstrapped samples. Numbers in parentheses are 95% confidence intervals based
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articular process hypertrophy. Moder-
ate (grade 2) osteoarthritis was charac-
terized by narrowing of the facet joint
space (<2 mm) and/or moderate osteo-
phytes, and/or moderate articular pro-
cess hypertrophy and/or mild subarticu-
lar bone reaction (erosions). Severe
(grade 3) osteoarthritis was character-
ized by narrowing of the facet joint
space (<2 mm) and/or large osteo-
phytes, and/or large articular process
hypertrophy and/or severe subarticular
bone reaction (erosions and/or cysts).
These investigators achieved fair inter-
observer agreement (kx = 0.41) and
good intraobserver agreement (kx =
0.70 and 0.76). Our results are slightly
better: moderate interobserver agree-
ment (k = 0.54) and good intraobserver
agreement (k = 0.69). These results are
consistent with our consensus-based
grading of normal, mild, moderate, and
severe osteoarthritis, which roughly
corresponds to the grading scheme used
by Weishaupt et al (19).

The observer performance issues
identified in this investigation have im-
plications for research, clinical, and
training activities. For research activi-
ties that involve the use of MR imaging
findings in prediction models for diag-
nostic or prognostic purposes, multiple
expert readers often are needed to ex-
pedite the data acquisition for inputs
into the model. Having a reliable way to
assess a predictive parameter across
different readers is important for the
efficiency of clinical trials. Once tests
are out of the research arena, they often
lose some performance capability in
nonideal nonlaboratory settings. There-
fore, reliable assessment of findings is
important for clinical effectiveness. The
degenerative MR imaging findings of the
spine that we investigated will render
sufficient reader agreement for use in
clinical practice if they are deemed to be
predictive of outcome on the basis of
future SPORT analysis results. We be-
lieve that training, nomenclature (lexi-
con), image representations (teaching
files), and defined relationships (ontol-
ogy) will promote more uniform detec-
tion, characterization, and reporting of
important spine MR imaging features.
We recommend that a just-in-time

learning apparatus be used by providing
imaging galleries of representative
cases and illustrative examples that
cover the spectrum of abnormalities, as
described elsewhere (26). This appara-
tus could be implemented as an online
teaching file and as a decision support
tool for clinical work.

This study had a number of limita-
tions. The variability in image acquisi-
tion methods introduced some hetero-
geneity; however, this variability re-
flects that commonly encountered in
routine clinical practice. The nonunifor-
mity of MR imaging protocols also could
have introduced some variability; how-
ever, all readers had experience inter-
preting fat-suppressed as well as non-
fat-suppressed images. While there was
no standardization of the setting or pro-
cess for performing the readings them-
selves, we did not see any systematic
differences in interreader agreement
between reader pairs. It is important to
note that our results may be overesti-
mations of the reliability that might be
achieved by readers in routine clinical
practice due to the methods we used to
standardize terminology, including a
prestudy face-to-face meeting and a de-
tailed handbook of definitions and ex-
amples. We suggest that groups in prac-
tice should take particular efforts to
clearly standardize the terminology and
definitions used to report data.

Given the several cases in which we
achieved only moderate agreement in
this methodologically rigorous investi-
gation, use of the spine MR imaging fea-
tures described herein as prognostica-
tors of outcome will be difficult to gener-
alize to routine clinical practice unless
decision support tools are used. In addi-
tion, the readers were aware that all of
the images were from patients who had
disk herniation or spinal stenosis severe
enough to qualify them as surgical can-
didates and for entry into the SPORT.
The lack of healthy (in terms of spinal
status) subjects also may have affected
the readings; however, an abundant
number of normal as well as abnormal
spinal levels were evaluated.

In conclusion, degenerative lumbar
spine MR findings have sufficient reliabil-
ity to potentially be used as predictors of

clinical prognoses and outcomes if a rigor-
ous training paradigm is used. Agreement
in rating the majority of these findings
was not perfect, even with training and
reference images. Thus, for clinical prac-
tice, decision support tools such as image
galleries and teaching atlases may need to
be used to maintain a high level of reliabil-
ity—that is, to minimize intra- and inter-
observer variability.
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aware that it will cost $32 for each additional location.

Delivery
Your order will be shipped within 2 weeks of the journal print
date. Allow extra time for delivery.

Residents of Virginia, Maryland, Pennsylvania, and the District
of Columbia are required to add the appropriate sales tax to each
reprint order. For orders shipped to Canada, please add 7%
Canadian GST unless exemption is claimed.

Ordering

Reprint order forms and purchase order or prepayment is
required to process your order. Please reference journal name
and reprint number or manuscript number on any
correspondence. You may use the reverse side of this form as a
proforma invoice. Please return your order form and
prepayment to:

Cadmus Reprints
P.O. Box 751903
Charlotte, NC 28275-1903

Note: Do not send express packages to this location, PO Box.
FEIN #:541274108

Reprint Order Forms
and purchase order
or prepayments must
be received 72 hours
after receipt of form.

Please direct all inquiries to:

Rose A. Baynard

800-407-9190 (toll free number)
410-819-3966 (direct number)
410-820-9765 (FAX number)
baynardr@cadmus.com (e-mail)
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