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Conclusion:

©RSNA, 2010

To evaluate intra- and interobserver agreement for the
interpretation of lumbar 1.5-T magnetic resonance (MR)
images in a community setting.

The study design was approved by the Institutional Review
Board of the Ramén y Cajal Hospital. According to Span-
ish law, for this type of study, no informed consent was
necessary. Five radiologists from three hospitals twice in-
terpreted lumbar MR examination results in 53 patients
with low back pain, with at least a 14-day interval between
assessments. Radiologists were unaware of the clinical
and demographic characteristics of the patients and of
their colleagues’ assessments. At the second assessment,
they were unaware of the results of the first assessment.
Reports on Modic changes, osteophytes, Schmorl nodes,
diffuse defects, disk degeneration, annular tears (high-
signal-intensity zones), disk contour, spondylolisthesis,
and spinal stenosis were collected by using the Spanish
version of the Nordic Modic Consensus Group classifica-
tion. The k statistic was used to assess intra- and inter-
observer agreement for findings with a prevalence of 10%
or greater and 90% or lower. k was categorized as almost
perfect (0.81-1.00), substantial (0.61-0.80), moderate
(0.41-0.60), fair (0.21-0.40), slight (0.00-0.20), or poor
(<0.00).

Endplate erosions and spondylolisthesis were observed in
less than 10% of images. Intraobserver reliability was almost
perfect for spinal stenosis; substantial for Modic changes,
Schmorl nodes, disk degeneration, annular tears, and disk
contour; and moderate for osteophytes. Interobserver
reliability was moderate for Modic changes, Schmorl
nodes, disk degeneration, annular tears, and disk contour;
fair for osteophytes; and poor for spinal stenosis.

In conditions close to those of clinical practice, there was
only moderate interobserver agreement in the reporting

of findings at 1.5-T lumbar MR imaging.

©RSNA, 2010
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agnetic resonance (MR) imag-

ing of the lumbar spine is a fre-

quently performed procedure
(1). Like many imaging tests, the reli-
ability of interpretation of its findings is
to some degree taken for granted. How-
ever, several studies (2-22) have been
undertaken to assess the concordance
of different physicians in reporting find-
ings such as disk degeneration, Modic
changes, annular tears, disk bulges,
protrusions and herniations, and spi-
nal stenosis at MR imaging. In general,
the concordance found in those studies
ranged from moderate to excellent, de-
pending on the MR imaging finding that
was being evaluated. However, these
studies may have resulted in overesti-
mation of that concordance, as it was
often between only two or three highly
specialized readers who, in most cases,
worked together in a research setting.
This may have led to an informal agree-
ment in their diagnostic criteria (3-16).
Only seven studies, focusing on Modic
changes (7,9,18,19), disk degeneration
(9,18-20), spondylolisthesis (9,18), and
spinal stenosis (15,19,21), assessed the
concordance of more than three ob-
servers, and most of these studies still
included only physicians who worked
together in research settings. There-
fore, there is a potential need to assess
the reliability of these interpretations
in situations more like clinical practice
(22,23).

Advances in Knowledge

B [n conditions similar to those of
clinical practice, intraobserver
reliability of the interpretation of
1.5-T lumbar MR imaging find-
ings among five radiologists was
almost perfect for spinal steno-
sis; substantial for Modic
changes, Schmorl nodes, disk
degeneration, annular tears, and
disk contour; and moderate for
osteophytes.

B [nterobserver reliability was mod-
erate for Modic changes,
Schmorl nodes, disk degenera-
tion, annular tears, and disk con-
tour and was fair for
osteophytes.

Thus, the purpose of this study was
to assess the intra- and interobserver
concordance in the interpretation of
1.5-T lumbar spine MR images in pa-
tients seen in clinical practice among
radiologists who had not previously
agreed on diagnostic criteria and who
work clinically in different locations.

Materials and Methods

This study was funded by the Kovacs
Foundation, a nonprofit Spanish re-
search institution with its own funding
and no links to the health industry.

Study Population

The study was approved by the Insti-
tutional Review Board of the Ramon vy
Cajal Hospital on April 24, 2009.

Five practicing general radiologists
(E.A., ALE., HS., G.A., and L.G., with
12, 8, 7, 10, and 1 year of experience,
respectively, in interpreting spine im-
ages), working in three general hospi-
tals located in two different geographic
regions in Spain, participated in this
study. Their postresidency experience
as radiologists ranged from 12 to 18
years. They were trained in different
institutions, and none had formal fel-
lowship training.

Two of those radiologists (E.A.,
A.E.) working in hospitals in different
cities saw images of patients who had
undergone 1.53-T MR imaging for low
back pain and/or sciatica. They ran-
domly selected images from 33 of these
patients. According to Spanish law for
a study such as this one, in which the
images of the patients had already been
obtained and were anonymized, in-
formed consent is not required.

Exclusion criteria were as follows:
previous spinal surgery, pregnancy,

Implication for Patient Care

B [n clinical practice, although
reports from the same radiologist
are reasonably consistent, only
moderate agreement among radi-
ologists can realistically be
expected in the interpretation of
lumbar 1.5-T MR examination
findings.

cauda equina syndrome, scoliosis with a
more than 15° curvature, vertebral frac-
tures, inflammatory spondyloarthropa-
thy, spinal infection, or tumor. Exclu-
sions were as follows: seven patients
because of previous spinal surgery, five
patients because of scoliosis, and three
patients because of metastatic cancer.

Twenty-eight female and 25 male pa-
tients were studied (mean age, 48 years =
13.3 [standard deviation]). Mean age for
men was 46.3 years = 13.7, and mean
age for women was 50.3 years = 12.9
(P=.274).

MR Imaging
Patients who were selected had under-
gone MR imaging performed with one of
two 1.5-T systems (Genesis Signa, GE
Medical Systems, Milwaukee, Wis; ACS
Intera NT Gyroscan, Philips Medical
Systems, Eindhoven, the Netherlands)
employing phased-array multicoils. All
patients were studied in the supine
position with a fixed imaging protocol
(Table 1).

All images were masked as to name,
sex, and age and were distributed to all
radiologists participating in this study.

Variables

Radiologists were asked to report their
findings by using the Spanish version
of the Nordic Modic Consensus Group
classification (6,19), in which the fol-
lowing variables were recorded sepa-
rately for all the lumbar segments (from
L1-L2 to L5-S1).
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Table 1

Sequences for 53 MR Imaging Examinations

No. of
Repetition Time (msec)/  Field of View Signals  Section Thickness ~ Flip Angle Intersection Gap  Echo Train

Pulse Sequence Echo Time (msec) (mm) Matrix Acquired  (mm) (degrees)  (mm) Length
Localizer gradient echo 30/10 400 128 X 128 1 10 50
Sagittal T1-weighted spin 440-550/14-20 270 156-307 X 192-512 2 4 0.4-1.3

echo
Sagittal T2-weighted turbo ~ 3300-2896/102.9-120 270 156-307 X 192-512 2 4 0.4-1.3 12

spin echo
Axial T2-weighted turbo spin  3040-2896/103-120 180 224-190 X 256-512 3 4 0.4 5

echo (parallel to disk
spaces)

For variables related to Modic
changes (24) (predominant and nonpre-
dominant), presence (no changes or
type 1, 2, or 3), location (the upper
or lower vertebral endplate), maxi-
mum height (craniocaudally) affected
by Modic changes (only the endplate,
<25% of the vertebral body, between
25% and 50% of the vertebral body,
>50% of the vertebral body), maxi-
mum volume (craniocaudally) affected
by Modic changes (only the endplate,
<25% of the vertebral body, between
25% and 50% of the vertebral body,
>50% of the vertebral body), endplate
extension affected by Modic changes in
the anteroposterior axis (<25% of the
endplate, between 25% and 50% of the
endplate, >50% of the endplate), and
maximum endplate area affected by
Modic changes (<25% of the endplate
area, between 25% and 50% of the end-
plate area, between 51% and 75% of the
endplate area, >75% of the endplate
area) were recorded. On those images
in which different types of Modic changes
were observed, those variables were
assessed separately for predominant (ie,
most widely observed in that particular
level) and nonpredominant changes. At
the analysis phase, type of Modic change
was dichotomized into no changes versus
change (type 1, 2, or 3) categories, and
maximum affected height, maximum af-
fected volume (craniocaudally), affected
endplate area, and affected endplate
extension (anteroposterior) were di-
chotomized into no changes versus all
the other categories.

For variables related to other bone
changes, osteophytes (yes or no and lo-
cation), Schmorl nodes, and endplate
erosions were noted. They include
localized endplate erosions (yes or no
and location), and whether those were
located beside concomitant Modic
changes (yes or no), and irregular
endplate—as in Scheuermann disease
(vyes or no). Localized defects were
defined as “sharp” indentations or dis-
continuity of the cortical bone. Irregu-
lar endplates were defined as endplates
that were intact but irregular (6).

For variables related to disk changes,
annular tears (fissure or high-signal-
intensity zones) in the annulus fibrosus
assessed on T2-weighted images (yes or
no), signs of disk degeneration (grade
according to Pfirrmann classification
[11], Table E1 [online|), and disk con-
tour (normal, bulging disk, protrusion
[focal or broad-based], or hernia [ex-
trusion or sequestration|) were noted.
At the analysis phase, disk contour was
dichotomized in normal versus abnor-
mal (bulging disk, protrusion, or extru-
sion) groups, and disk degeneration
was dichotomized into grades I, II, and
I versus IV and V.

For variables related to other find-
ings, presence of spinal stenosis, de-
fined as any type of acquired narrow-
ing of the spinal canal (25) (yes or no),
and spondylolisthesis (none or grade
according to Meyerding classification,
although it was dichotomized at the
analysis phase into no spondylolisthesis
vs grades I-1V) (11,26) were recorded.

Assessment and Data Collection

All MR images were presented on
compact discs created by using imaging
software (K-PACS, version V0.9.5.3;
IMAGE Information Systems, Plauen,
Germany). The types and numbers of
display monitors used were not stan-
dardized among the readers.

The five radiologists were unaware
of any demographic and clinical data
from the patients from whom the images
had been obtained. They were asked
to report their findings on a structured
form with close-ended responses for
each variable (the Spanish version of
the Nordic Modic Consensus Group
classification), no matter what their
opinion was about the potential clinical
relevance of those findings (6,19).

Besides the above, they were asked
to act as they usually do in their routine
clinical practice. No attempt was made
to homogenize their diagnostic crite-
ria, and they received no instructions
regarding the interpretation of images.
They assessed the MR images alone
and had no access to reports from their
colleagues.

To assess intraobserver reliability,
the five radiologists were asked to re-
evaluate the same MR images at least
14 days after the forms with their first
interpretation had been collected. Radi-
ologists were unaware that the images
they assessed in the second round were
the same as those they had interpreted
in the first one. The images were pre-
sented in a different order, and radi-
ologists had no access to their previous
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Table 2

Predominant Findings in 53 MR Imaging Examination Reports from Five Radiologists

A: Findings Related to Modic and Bone Changes

Segment L1 Segment L2 Segment L3 Segment L4 Segment L5
MR Imaging Variable U L U L U L U L U L Segment S1*
Modic change
Presence
No changes 229 235 222 232 219 218 189 196 188 143 139
Type 1 2 1 2 2 3 4 5 8 3 7 9
Type 2 34 29 41 31 43 43 71 61 73 115 116
Type 3 0 0 0 0 0 0 0 0 1 0 1
Maximum affected height
No changes 229 230 222 232 219 216 190 195 190 139 138
Only the endplate 16 22 20 20 29 28 49 33 33 55 68
<25% of the vertebral body 12 10 17 10 14 10 18 21 22 37 44
25%-50% of the vertebral body 8 3 6 3 3 8 8 12 17 26 14
>50% of the vertebral body 0 0 0 0 0 3 0 4 3 8 1
Maximum affected volume
No changes 229 230 222 232 219 216 190 195 190 139 138
Only the endplate 16 22 20 20 29 30 51 32 35 58 7
<25% of the vertebral body 14 11 19 10 15 13 18 26 29 51 44
25%-50% of the vertebral body 6 2 4 3 2 5 6 11 10 16 12
>50% of the vertebral body 0 0 0 0 0 1 0 1 1 1 0
Affected endplate area
No changes 229 230 222 232 219 216 190 195 190 139 138
<25% of endplate area 25 28 29 25 37 33 62 48 48 76 83
25%-50% of endplate area 11 5 13 7 8 15 13 13 18 33 27
>50% of endplate area 0 2 1 1 1 1 0 9 9 17 17
Maximum affected extension
(anteroposterior)
No changes 229 230 222 232 219 216 190 195 190 141 141
<25% of endplate 19 24 26 21 30 28 49 38 42 56 57
25%-50% of the endplate 12 7 9 5 14 13 14 9 12 21 15
51%—-75% of the endplate 5 4 7 5 2 4 7 8 8 17 25
>75% of the endplate 0 0 1 2 0 4 5 15 13 30 27
Osteophyte
No. of osteophytes 42 69 79 70 70 84 105 114 131 120 95
Located beside Modic change 12 23 28 16 30 29 50 38 48 72 64
(ves)
Schmorl node
No. of Schmorl nodes (yes) 19 29 38 29 35 18 44 26 23 17 10
Located beside Modic change 5 8 13 1 9 4 18 11 14 12 6
(ves)
Endplate erosion
No. of endplate erosions 6 8 8 4 5 6 10 17 13 29 22
(irregular endplate) (yes)
Located beside Modic change 0 2 3 1 1 2 5 13 12 20 15
(ves)
B: Findings Related to Disk Changes and Other Findings
MR Imaging Variable L1-L2 Level L2-L3 Level L3-L4 Level L4-L5 Level [5-S1 Level
Disk degeneration (Pfirrmann grade)*
| 20 18 17 19 17
I 94 80 65 27 50
I 106 114 106 102 84

Table 2 (continues)

812 radiology.rsna.org = Radiology: Volume 254: Number 3—March 2010
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Table 2 (continued)

Predominant Findings in 53 MR Imaging Examination Reports from Five Radiologists

B: Findings Related to Disk Changes and Other Findings

MR Imaging Variable L1-L2 Level L2-L3 Level L3-L4 Level L4-L5 Level [5-S1 Level
vV 32 47 71 103 74
v 13 6 6 14 40

Annular tears (yes) 2 9 25 82 74

Disk contour
Normal 217 204 160 84 104
Bulging disk 45 46 97 137 98
Protrusion 3 11 8 39 60
Extrusion (contained or uncontained) 0 4 0 5 3

Spondylolisthesis
None 265 264 264 254 257
| 0 1 1 1 8
1 0 0 0 0 0
[l 0 0 0 0 0
v 0 0 0 0 0

Spinal stenosis (yes) 13 17 24 48 42

Note.—Data are numbers of findings. The number of reports was 265 (53 images interpreted by five radiologists). k Values were not calculated for findings reported in 27 or fewer or 238 or more of

those reports. L = lower endplate, U = upper endplate.
* Findings for segment S1 are for the upper endplate.

1 For the purpose of this investigation, grades I-ll (ie, healthy adolescent [grade 1], healthy adult [grade II], and early degeneration [grade Ill]) were grouped together, as were the more advanced

grades of degeneration (ie, grades IV and V).

reports or to the current or previous
reports of their colleagues.

All reports were entered in the
database at a centralized coordination
office. Entry of data was done indepen-
dently by two administrative assistants
who verified that the data they were
entering coincided with the information
on the forms.

Statistical Analysis

To assess intra- and interobserver reli-
ability, ratings from each observer were
cross-tabulated, and agreement was mea-
sured by using the k statistic, which was
categorized as reflecting an almost per-
fect (0.81-1.00), substantial (0.61-0.80),
moderate (0.41-0.60), fair (0.21-0.40),
slight (0.00-0.20), or poor (<0.00)
agreement (27).

The « statistic is affected by the
prevalence of the events, so that find-
ings with very high or very low preva-
lence lead to very low k values, even
if the observer agreement is high (14).
Therefore, at the design phase, it was
decided that k values would be calcu-
lated only for findings reported in more
than 10% and in less than 90% of re-

ports. Because five radiologists inter-
preted 53 images (total, 265 reports),
k values were not calculated for findings
identified in 27 or fewer or in 238 or
more of those reports.

To make it possible to analyze re-
sults by using the k statistic, the fol-
lowing strategy was used: (a) All the
response levels were dichotomized into
two categories (normal vs abnormal).
(b) Findings at each level (ie, .1, L1-1.2,
etc) were listed, and those for which
there was a prevalence between 10%
and 90% were identified. (¢) k was cal-
culated following the two-step approxi-
mation described by Lipsitz et al (28).
This approximation basically consists of
estimating the expected and observed
probabilities by means of logistic re-
gression. In this case, the regression
model included age, sex, and their in-
teraction, and generalized estimating
equation (29) models were used. The
structure was self-regressive correla-
tion to establish the existent correla-
tion between the different vertebral lev-
els on an image. Means and 25th and
75th percentiles of those k values were
determined.

Statistical packages (STATA IC/10.0
for Windows, Stata Statistical Soft-
ware, College Station, Tex; SPSS, ver-
sion 16.0, SPSS, Chicago, Ill) were used
for data analysis.

Tables 2 and 3 show the findings re-
ported by the five radiologists at 53
MR imaging examinations, and those
findings are shown in detail in Tables
E2-E6 (online).

Most findings related to Modic
changes, disk degeneration, bulging
disk or protrusion, osteophytes, spon-
dylolisthesis, and spinal stenosis were
found at the [4-L5 and LS3-S1 levels,
while most Schmorl nodes were reported
at the L1-L2 and L2-L3 levels (Tables
2 and 3).

The low number of nonpredominant
Modic changes, endplate erosions, and
spondylolisthesis made these unsuitable
for k calculation.

For the same reason, k values for
variables related to Schmorl nodes
and high-signal-intensity zones could
be calculated only for some levels. On the

Radiology: \/olume 254: Number 3—March 2010 = radiology.rsna.org
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Table 3

Nonpredominant Findings in 53 MR Imaging Examination Reports from Five Radiologists

Segment L1 Segment L2 Segment L3 Segment L4 Segment L5
MR Imaging Variable (Modic Change) U L U L U L U L U L Segment S1*
Presence
No changes 264 259 258 263 262 261 263 258 252 258 257
Type 1 0 3 2 2 2 2 5 6 5 2
Type 2 1 1 2 0 1 1 0 2 6 2 4
Type 3 0 1 0 0 1 0 0 1 0 2
Affected maximum height
No changes 264 260 258 263 262 261 263 259 253 259 257
Only the endplate 0 2 1 1 2 1 1 4 6 2 6
<25% of the vertebral body 1 2 5 1 1 2 0 2 4 8 2
25%-50% of the vertebral body 0 1 1 0 0 0 1 0 2 1 0
>50% of the vertebral body 0 0 0 0 0 1 0 0 0 0 0
Maximum affected volume
No changes 264 259 258 263 262 261 263 259 253 259 257
Only the endplate 0 3 1 1 2 1 1 4 7 2 6
<25% of the vertebral body 1 3 6 1 1 2 1 2 4 4 2
25%-50% of the vertebral body 0 0 0 0 0 1 0 0 1 0 0
>50% of the vertebral body 0 0 0 0 0 0 0 0 0 0 0
Affected endplate area
No changes 264 259 258 263 262 261 263 259 253 259 257
<25% of endplate area 0 5 5 2 3 3 1 5 9 5 6
25%-50% of endplate area 1 0 2 0 0 0 0 1 2 1 2
>50% of endplate area 0 1 0 0 0 1 1 0 1 0 0
Maximum affected extension
(anteroposterior)
No changes 264 259 258 263 262 261 263 259 253 259 257
<25% of the endplate 0 4 4 1 2 3 1 5 7 3 3
25%-50% of the endplate 1 1 2 1 0 0 0 1 2 3 2
51%-75% of the endplate 0 1 1 0 0 0 0 0 2 0 3
>75% of the endplate 0 0 0 0 1 1 1 0 1 0 0

Note.—Data are numbers of findings. The number of reports was 265 (53 images interpreted by five radiologists). k Values were not calculated for findings reported in 27 or fewer or 238 or more of

those reports. L = lower endplate, U = upper endplate.
* Findings for segment S1 are for the upper endplate.

contrary, variables related to predomi-
nant Modic changes, osteophytes, signs
of disk degeneration, and disk contour
could be calculated for all levels (Tables
2 and 3).

The intraobserver agreement was
almost perfect for variables related to
spinal stenosis; substantial for variables
related to Modic changes, Schmorl
nodes, disk degeneration, annular
tears, and disk contour; and moder-
ate for variables related to osteophytes
(Table 4).

The interobserver agreement was
moderate for Modic changes, Schmorl
nodes, disk degeneration, annular
tears, and disk contour and was fair

for osteophytes. It was not possible to
calculate agreement for spinal stenosis,
because convergence was not achieved
at the first generalized estimating equa-
tion analysis (Table 5).

Intraobserver agreement was al-
ways higher than interobserver agree-
ment (Tables 4 and 3).

The Nordic Modic Consensus Group
classification is a structured form to
gather findings on MR images which
has proved to be reliable for 0.23-T MR
images in previous studies performed
with the same images in two different

countries (6,19). Dissemination of this
classification system has been encour-
aged (24).

This use of the Nordic Modic clas-
sification to assess agreement in the
interpretation of 1.5-T lumbar MR im-
ages yielded results generally compara-
ble to those obtained for 0.23 T. Except
for annular tears (high-signal-intensity
zones), interobserver agreement was
only moderate for most variables and
was slight for osteophytes, and there
was rare agreement for spinal stenosis
(6,19).

For all MR imaging findings, intrao-
bserver agreement was higher than
interobserver agreement. This may be
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Table 4

Intraobserver Agreement in the Interpretation of Lumbar MR Images by Five

Radiologists
No. of Levels  No. of Levels
MR Imaging Variable Evaluated Analyzed* Intraobserver Agreement’
Modic change 11% 10 0.724 (0.691, 0.759)
Affected maximum height (normal vs 11# 10 0.724 (0.690, 0.757)
abnormal)
Maximum volume (craniocaudal) (normalvs ~ 11% 10 0.728 (0.694, 0.762)
abnormal)
Affected endplate area (normal vs abnormal) ~ 11% 10 0.725 (0.688, 0.758)
Maximum affected extension 11+ 10 0.720 (0.681, 0.755)
(anteroposterior) (normal vs abnormal)
Osteophyte
Osteophytes (yes or no) 11# 11 0.513 (0.495, 0.521)
Located beside Modic change (yes or no) 11# 5 0.648 (0.610, 0.688)
Schmorl nodes (yes or no) 11% 5 0.754 (0.714, 0.835)
Endplate erosions (yes or no) 11+ 0 Prevalence too low to
calculate k values
Disk degeneration (Pfirrmann grade) (normal or
abnormal) 58 5 0.689 (0.651, 0.722)
Annular tears (yes or no) 58 2 0.686 (0.662, 0.727)
Disk contour (normal vs abnormal) 58 5 0.728 (0.664, 0.781)
Spondylolisthesis (normal vs abnormal) 58 0 Prevalence too low to
calculate k values
Spinal stenosis (yes or no) 58 2 0.870 (0.847, 0.896)

* k Analyses.

T Data are mean « values, with 25th and 75th percentiles in parentheses.
* The maximum number of levels that could have been evaluated was 11 (superior and inferior endplates for L1-L2 to L5-S1,

plus S1).

§ The maximum number of levels that could have been evaluated was five (spaces from L1-L2 to L5-S1).

interpreted as suggesting that clinicians
can expect reasonably consistent re-
ports from a given radiologist but should
be aware that those reports would not
necessarily be consistent with those
from other radiologists. This might en-
courage clinicians to preferentially refer
their patients to the same radiologist,
whose criteria and style of reporting
they feel more confident with.

A recent study (18) in a different
setting has assessed the agreement on
the reporting of Modic changes, disk
degeneration, high-signal-intensity zones
(annular tears), spondylolisthesis, and
facet arthropathy at 1.5-T MR imag-
ing. Although methods similar to those
implemented in the current study were
used, that study did not measure agree-
ment on disk contour descriptors, and
the Nordic Modic Consensus Group
classification form was not used. That

study assessed MR images obtained
during the Spine Patient Outcomes Re-
search Trial, a high-quality trial with
a relatively homogeneous sample that
included only patients who were can-
didates for surgery. MR images were
assessed by four highest-level expert
readers (radiologists and orthopedic
surgeons, both with fellowship training,
with more than 12 years of experience
reading spine MR images) by using diag-
nostic criteria that had been defined in
a consensus meeting and were included
in an available handbook (18). On the
contrary, in the current study, images
were obtained in patients referred for
lumbar MR imaging in routine clinical
practice who were not necessarily can-
didates for surgery. The images were
assessed in the radiology departments
of three different hospitals by five radi-
ologists who were unaware of patients’

clinical features and had not agreed on
any diagnostic criteria. In spite of those
differences, results from both stud-
ies were consistent with regard to the
agreement found for Modic changes.
Interobserver agreement in the current
study was worse for disk degeneration
and slightly better for annular tears,
and intraobserver agreement was simi-
lar for all common variables.

Interobserver agreement for disk
contour in this study (k = 0.546) was
higher than that observed for radiolo-
gists’ and clinicians’ agreement when
interpreting herniation morphology in
the Spine Patient Outcomes Research
Trial (x = 0.24), in which a semistan-
dardized nomenclature was used in the
clinical setting (20).

In this study, interobserver agree-
ment for spinal stenosis was poor. Other
studies (15) in which, as in this one,
readers were not given any instructions
or diagnostic criteria, also showed low
interobserver agreement. Conversely,
studies (18,21) in which specific ad
hoc training and clear-cut instructions
were provided to the reader showed
better interobserver agreement. A three-
category classification for spinal steno-
sis (mild, moderate, and severe) has
shown to be even more reliable than
quantitative measures (21). In this prior
study, intraobserver agreement for spi-
nal stenosis was almost perfect, suggest-
ing that the use of a previously agreed
on diagnostic criteria would have im-
proved interobserver agreement.

The interobserver agreement for
the extension of Modic changes ob-
served in this study was similar to that
in the study deriving from the Spine
Patient Outcomes Research Trial (18)
and slightly worse than that in the
study in which the Nordic Modic clas-
sification form was developed by us-
ing 0.23-T MR images (6). That latter
study did not use images of patients
from clinical practice, but from a rep-
resentative sample of the general Dan-
ish population at age 40; the readers
knew that the population presented a
69% prevalence of Modic changes, and
images were interpreted at a research
department in which consensus train-
ing meetings were implemented among
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Table 5

Interobserver Agreement in the Interpretation of Lumbar MR Images by Five

Radiologists
No. of Levels  No. of Levels
MR Imaging Variable Evaluated Analyzed* Interobserver Agreement!
Modic change
Presence 11# 1 0.526 (0.456, 0.593)
Affected maximum height (normal vs 11# 1 0.523 (0.458, 0.589)
abnormal)
Maximum affected volume (craniocaudal) 11# 1 0.523 (0.458, 0.589)
(normal vs abnormal)
Affected endplate area (normal vs abnormal)  11* 11 0.523 (0.458, 0.589)
Maximum affected extension 11# 1 0.511 (0.440, 0.583)
(anteroposterior) (normal vs abnormal)
Osteophyte
Osteophytes (yes or no) 11# 1 0.364 (0.341, 0.375)
Located beside Modic change (yes or no) 11% 8 0.560 (0.501, 0.633)
Schmorl nodes (yes or no) 11# 5 0.539 (0.454, 0.630)
Endplate erosions (yes or no) 11# 0 Prevalence too low to
calculate k values
Disk degeneration (Pfirrmann grade) (normal or 5% 5 0.491 (0.430, 0.553)
abnormal)
Annular tears (yes or no) 58 2 0.599 (0.557, 0.632)
Disk contour (normal vs abnormal) 58 5 0.546 (0.494, 0.587)
Spondylolisthesis (normal vs abnormal) 58 0 Prevalence too low to
calculate k values
Spinal stenosis (yes or no) 58 2 Convergence not achieved
* k Analyses.

* Data are mean  values, with 25th and 75th percentiles in parentheses.
*The maximum number of levels that could have been evaluated was 11 (superior and inferior endplates for L1-L2 to L5-S1,

plus S1).

§ The maximum number of levels that could have been evaluated was five (spaces from L1-L2 to L5-S1).

the three specialists in charge of assess-
ing the images (6,14). Those features
may contribute to the slight differences
in the results from that study.

This study had some potential
limitations. The variability in image
acquisition methods introduced some
heterogeneity; however, this variability
corresponds to the one commonly en-
countered in routine clinical practice,
and all the radiologists interpreted the
same images. The heterogeneity of pa-
tients in whom MR imaging findings
were studied was also likely to influence
the degree of agreement in the interpre-
tation of the images (30). On the one
hand, to retain some homogeneity, pa-
tients with scoliosis with a greater than
15° curvature, known systemic diseases
(eg, inflammatory spondyloarthropathy
or cancer), or cauda equina syndrome
and those who had undergone previ-

ous back surgery were excluded. On
the other hand, our study sample was
as heterogeneous as is to be expected
in routine clinical conditions; some pa-
tients may have been clinically eligible
for surgery for spinal stenosis or disk
herniation, whereas others may have
had common low back pain with no
radicular pain or MR imaging may have
been ordered only to exclude potential
systemic diseases. Even in prior studies
(18) with highly selected populations of
surgical candidates recruited in a high-
quality trial such as the Spine Patient
Outcomes Research Trial, the interob-
server agreement for the interpretation
of MR imaging findings was only mod-
erate and similar to that of this study.
Because it is easier to analyze agree-
ment when a structured form is used to
report the findings on MR images, the
Nordic Modic classification form was

used in this study. In this study, only
the presence or absence of stenosis
was analyzed, rather than its severity
and location. However, absolute values
and correlation between stenosis mea-
surements and symptoms appear to be
lacking (31). This was another possible
limitation.

The interpretation of k values may
be seen as challenging, because there is
no clear threshold indicating when a k
value becomes inconsistent with high-
quality clinical care (14,32). Further-
more, it is difficult to compare k values
across studies in which categories or
the prevalence of findings are different.
Last, k values decrease when the preva-
lence of the finding is very high or very
low, even when the observed agreement
remains unchanged (32). Nevertheless,
the k value probably remains the best
available method of measuring concor-
dance, in addition to that explained by
chance.

This study was designed to be per-
formed in conditions similar to routine
practice. Several measures might be
taken to improve interobserver agree-
ment in the interpretation of lumbar
MR imaging findings, such as agreeing
on diagnostic criteria, further improv-
ing reader training, and using available
online examples and linking them to
standardized nomenclature (22,30).
However, the feasibility of implement-
ing those measures in routine clinical
practice is unknown, and interobserver
agreement in studies in which some of
those measures were implemented was
still moderate and, for most variables,
not radically different from the one
in the current study (18). This shows
that, even though those measures may
improve interobserver agreement, they
are not without their own difficulties
(22). Taken together, results from these
studies suggest that, in practice, only
moderate agreement can realistically
be expected in routine practice.
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