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Abstract

BACKGROUND CONTEXT: In today’s health-care climate, magnetic resonance imaging
(MRI) is often perceived as a commodity—a service where there are no meaningful differences in
quality and thus an area in which patients can be advised to select a provider based on price and
convenience alone. If this prevailing view is correct, then a patient should expect to receive
the same radiological diagnosis regardless of which imaging center he or she visits, or which
radiologist reviews the examination. Based on their extensive clinical experience, the authors
believe that this assumption is not correct and that it can negatively impact patient care, outcomes,
and costs.
PURPOSE: This study is designed to test the authors’ hypothesis that radiologists’ reports from
multiple imaging centers performing a lumbar MRI examination on the same patient over a short
period of time will have (1) marked variability in interpretive findings and (2) a broad range of interpretive errors.
STUDY DESIGN: This is a prospective observational study comparing the interpretive findings reported for one patient scanned at 10 different MRI centers over a period of 3 weeks to each other
and to reference MRI examinations performed immediately preceding and following the 10 MRI
examinations.
PATIENT SAMPLE: The sample is a 63-year-old woman with a history of low back pain and right
L5 radicular symptoms.
OUTCOME MEASURES: Variability was quantified using percent agreement rates and
Fleiss kappa statistic. Interpretive errors were quantified using true-positive counts, false-positive
counts, false-negative counts, true-positive rate (sensitivity), and false-negative rate (miss
rate).
METHODS: Interpretive findings from 10 study MRI examinations were tabulated and
compared for variability and errors. Two of the authors, both subspecialist spine radiologists from
different institutions, independently reviewed the reference examinations and then came to a final
diagnosis by consensus. Errors of interpretation in the study examinations were considered present
if a finding present or not present in the study examination’s report was not present in the reference
examinations.
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RESULTS: Across all 10 study examinations, there were 49 distinct findings reported related to
the presence of a distinct pathology at a specific motion segment. Zero interpretive findings were
reported in all 10 study examinations and only one finding was reported in nine out of 10 study examinations. Of the interpretive findings, 32.7% appeared only once across all 10 of the study
examinations’ reports. A global Fleiss kappa statistic, computed across all reported findings, was
0.20±0.06, indicating poor overall agreement on interpretive findings. The average interpretive error
count in the study examinations was 12.5±3.2 (both false-positives and false-negatives). The average
false-negative count per examination was 10.9±2.9 out of 25 and the average false-positive count
was 1.6±0.9, which correspond to an average true-positive rate (sensitivity) of 56.4%±11.7 and miss
rate of 43.6%±11.7.
CONCLUSIONS: This study found marked variability in the reported interpretive findings and a high
prevalence of interpretive errors in radiologists’ reports of an MRI examination of the lumbar spine
performed on the same patient at 10 different MRI centers over a short time period. As a result, the
authors conclude that where a patient obtains his or her MRI examination and which radiologist interprets the examination may have a direct impact on radiological diagnosis, subsequent choice of treatment,
and clinical outcome. © 2017 The Authors. Published by Elsevier Inc. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
In the clinical evaluation of a patient with back or leg pain
unresponsive to conservative measures, clinicians may order
a magnetic resonance imaging (MRI) examination to assist in
explaining the patient’s symptoms to determine whether or not
modification of the patient’s therapy is required, including referral for interventional pain management or surgical evaluation.
Moreover, the results of MRI examinations play a central role
when payers are reviewing whether or not to approve a recommended treatment. Therefore, an accurate diagnosis is
paramount to timely and correct treatment. Several studies
provide information as to the variability of interpretation of radiological examinations, including MRI examinations of the
lumbar spine, and the importance of nomenclature when communicating radiological findings [1–11]. However, these studies
provide no information as to the variability and quality of interpretation of all MRI findings in a single patient imaged at
different imaging centers. The authors believe that the study
presented here is the first of its kind and provides critically important and novel insights into the variability and diagnostic
performance between MRI examinations.

Materials and methods
The study subject was a 63-year-old woman with a history
of low back pain and right L5 radicular symptoms. Her pain
radiated down to the anterolateral side of her right leg. On
examination, the patient had mild weakness in right ankle dorsiflexion 4+/5 and right great toe extension 4+/5, reflexes were
diminished, but symmetrical bilaterally (1/4), and she had a
positive dural tension (seated slump) sign on the right. After
an institutional review board approval, the subject underwent 12 MRI examinations of the lumbar spine. Ten

Context
Variability in the readings of lumbar MRI scans by different radiologists using different MRI scanners is well
appreciated by most of us involved in spine care. The
authors set out to quantify this observation.
Contribution
They found poor agreement among readers and significant error rates.
Implications
While the choice of gold standard to assess error rates in
such studies is often difficult, the lead author in this particular paper is certainly considered a leading expert in the
field. Beyond that, the poor agreement among reviewers
is clear, as are the implications. Treatments, insurance coverage, work status, etc., are all impacted by reported findings
on MRI and variability is greatly concerning. Efforts to
improve the situation are warranted.

examinations were performed at 10 different regional imaging
centers over a period of 3 weeks, along with two reference
MRI examinations performed at one of the authors’ institutions immediately preceding and following the 10 MRI
examinations. The reference examinations were performed
on a closed 1.5T MRI system and included the following sequences: spin echo T1, spin echo T2, and short tau inversion
recovery sagittal sequences (all sequences were acquired with
a slice thickness of 3.5 mm/no gap and a minimum of 24
slices); three stacked overlapping spin echo T2 axial sequences
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were acquired perpendicular to the central canal and parallel to a disc space: one from T12 to L3 (parallel to the L2–
L3 disc space), the second from L3 to S1 (parallel to
the L4–L5 disc space), and the third from the top of L5 to
the bottom of S1 (parallel to the L5–S1 disc space); and a
spin echo T2 coronal sequence was acquired parallel to the
posterior cortex of L4, and included the majority of the lumbar
vertebral bodies, the entire lumbar central canal, and all of
the lumbar posterior elements. The 10 study centers performed their routine MRI examinations.
The study centers were selected by their location within or
in close proximity to New York City, for the convenience of
the study patient and for a range of MRI equipment. The equipment used across the 10 study centers included one open 0.3T,
one stand-up 0.6T, seven closed 1.5T, and one closed 3.0T MRI
system. The authors verified that all study centers had valid
accreditation from the American College of Radiology, including the spine MRI module [12], at the time of this study.
The 10 MRI centers were blinded to their participation in the
study and evaluated the subject as a routine patient. The subject
presented to each MRI center with the same prescription completed by an orthopedic surgeon unaffiliated with any of the
authors’ institutions. The prescription stated that the patient had
back and leg pain. If requested verbally, or as part of an intake
questionnaire, the subject provided the same history of back
pain and leg pain to each MRI center. The subject did not reveal
that she was participating in a clinical study.
Following completion of the 10 study MRI examinations, the MRI reports from these examinations were stripped
of all information identifying the center, radiologist, and
type of equipment used. The reports were then reviewed by
one of the authors, a subspecialized spine radiologist, and all
the reported findings (appearing in either the Body or Impression sections) were inserted into a single “Study Exam
Data Sheet” for cross-examination comparisons. Interpretive variability was then quantified using percent agreement
rates and Fleiss kappa statistic.
Two of the authors, both subspecialist spine radiologists
from different institutions and with over 25 years of
clinical experience, independently reviewed the two reference MRI examinations. The only discussion of the two
authors prior to independently interpreting the examinations was to confirm the grading system for stenosis [9]. Only
three minor disagreements in findings related to the severity
of neural foraminal stenosis had to be resolved by consensus and the final set of findings was used as the reference
findings.
For the purpose of which reference findings to use for the
evaluation of interpretive errors, the authors limited the findings to a subset of findings that were reported in the Spinal
Patient Outcomes Research Trial (SPORT) [9,10]. Specifically, the reference findings were limited to disc degeneration,
disc herniation, spinal stenosis, nerve root involvement, facet
degeneration, anterior spondylolisthesis, and vertebral fracture. The diagnosis of a disc herniation was based on detecting
a localized or focal displacement of disc material beyond the

limits of the intervertebral disc space [5]. The type of disc
herniation, that is, protrusion, extrusion, or sequestered fragment, was not captured as many study examination reports
did not make this differentiation. The diagnosis of central canal
stenosis was based on the visual assessment of thecal sac crosssectional area [9]. The area of the thecal sac at the level of
the disc space (or the level of the most severe stenosis) was
compared with the area of the thecal sac at the level of the
pedicles cephalad to the level of stenosis. Stenosis was considered mild if the thecal sac area was reduced by one-third
or less, moderate if reduced between one- and two-thirds, and
severe if reduced by more than two-thirds. Neural foraminal stenosis was graded by visually assessing the reduction
in the area of the neural foramen, and was considered mild
if the area was reduced by one-third or less, moderate if
reduced by between one- and two-thirds, and severe if reduced
by more than two-thirds [9]. Nerve root involvement was diagnosed based on the presence of any pathologic process that
abutted, impinged, displaced, or compressed a nerve root or
the presence of an anomalous nerve root.
The reference findings were then compared with the study
examination findings collected in the Study Exam Data Sheet
to identify interpretive errors. An error in interpretation in a
study examination was considered present if there was no
mention in the report of a reference finding. Any positive
finding reported in a study examination that was not present
in the reference findings was also considered an error in
interpretation. There were no instances in which a positive
finding reported on a study center examination was missed
by the two independent reviewers during the evaluation of
the reference examinations.
To reduce sensitivity related to the lack of accepted standards for the measurement of stenosis, the authors only
recorded an error if the grading was over-called or undercalled by two grades (eg, severe was present and only called
mild). Similarly, to reduce overreporting errors resulting from
variation of nomenclature for degenerative disc disease, the
authors accepted all of the following: disc degeneration, disc
bulge with reduced T2 nuclear signal intensity, disc desiccation, spondylosis, and decreased disc height to indicate disc
degeneration.
Interpretive errors were quantified using true-positive
counts, false-positive counts, false-negative counts, truepositive rate (sensitivity), and false-negative rate (miss rate).
Accuracy was not used as a statistical metric in this study
because silence on any pathology in a report was interpreted as a negative finding, which makes quantifying truenegatives problematic.
Results
Interpretive variability
There was marked variability in the reported findings across
the 10 study examinations. Across all 10 examinations, there
were 49 distinct findings reported (in either the Body or the
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Fig. 1. Consensus on diagnostic findings: chart depicting the percent of examinations reporting the same interpretive findings. Aggregating all of the examinations’ reports together, there were 49 distinct findings (pathology at a specific motion segment). None of these findings appeared in 100% of the reports
and 32.7% of these findings only appeared once across all study examinations’ reports.

Impression section of the MRI reports) related to the presence of a distinct pathology at a specific motion segment. The
findings included vertebral alignment, disc bulge, disc degeneration and desiccation or spondylosis, disc height, disc
herniation, stenosis of the central canal, lateral recess and
neural foramina, nerve root involvement, end plate degeneration, and facet degeneration. Among the noteworthy aspects
of this aggregated set of findings is that none of the 49 reported findings were unanimously reported in all 10 study
examinations, and only one of the findings, the anterior spondylolisthesis present at L5–S1, was reported in 9 out of 10
examinations. Of the interpretive findings, 32.7% only appeared once across all 10 reports (Fig. 1).
The overall level of agreement on the reported findings
of the study examinations was summarized using Fleiss kappa
statistic, a standard measure of inter-rater agreement used for
data with multiple raters that accounts for the likelihood of
agreements due to random chance [13]. The Fleiss kappa statistic can have a maximum value of 1.0, indicating perfect
agreement among the imaging examinations’ reports. A Fleiss
kappa statistic value of 0 or less than 0 indicates that the level
of agreement is no better than chance. Generally, values above
0.75 are considered to indicate excellent agreement, values
between 0.4 and 0.75 are interpreted as intermediate or good
agreement, and values below 0.4 are interpreted as poor agreement [13]. The overall Fleiss kappa statistic across the 10
examinations and all reported interpretive findings was
0.20±0.03, indicating poor overall agreement on interpretive findings.
To illustrate the variation in the study examinations’ reported interpretive findings, Fig. 2 depicts how a disc herniation
was reported in the 10 examinations. The number of examinations reporting the presence of a disc herniation at a given
motion segment ranged from 70% at L3–L4 to 20% at L5–S1;
two examinations reported a disc herniation at all five motion

segments and one examination did not report a disc herniation at any motion segment. The number of study examinations
reporting thecal sac compression due to a disc herniation
ranged from 60% at L1–L2 to only one examination reporting thecal sac compression at L4–L5. Nerve root involvement
due to a disc herniation was reported in 20% of the
examinations at L2–L3, 40% of the examinations at L3–L4,
and 30% of the examinations at L4–L5. The Fleiss kappa score
for agreement on the presence of a disc herniation was
−0.02±0.23 across the five motion segments.
Similar variation existed with respect to reporting stenosis in the study examinations. The number of study
examinations reporting the presence of central canal stenosis at a given motion segment ranged from 80% at L3–L4
to only one examination reporting central canal stenosis at
L1–L2. Central canal stenosis was reported at four motion
segments in two examinations and not present at any motion
segment in two examinations. The Fleiss kappa score for agreement on the presence of central canal stenosis was 0.17±0.32
across the five lumbar motion segments.
Only 5 out of the 10 examination reports included descriptions of any effect of spinal pathology on nerve roots.
The number of study examinations reporting the presence of
nerve root involvement at a given motion segment ranged from
50% at L3–L4 to only one examination reporting nerve root
involvement at L5–S1. In four study examinations, nerve root
involvement was reported at three motion segments, and in
five study examinations nerve root involvement was not reported as present at any motion segment.

Interpretive diagnostic errors
In addition to the significant variability in reported findings, there was a high rate of interpretive errors across the
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Fig. 2. Disc herniation reported by effect on nerve root or thecal sac: depiction of how disc herniation was reported in each study examination across the
patient’s lumbar motion segments.

is graded as severe stenosis. At L2–L3, the central canal stenosis was not reported in four, reported as moderate in five,
and severe in one study MRI examination (no error of interpretation was assessed for reporting the stenosis as moderate
because, as indicated in the Materials and methods section,
an error in interpretation was assessed only if the stenosis was
misgraded by two grades). The patient’s other level of severe
central canal stenosis was not reported in two, reported as
mild in three, moderate in four, and severe in one of the study
MRI examinations.
Table 2 summarizes the interpretive errors of each study
examination report compared with the set of reference findings. The study examinations’ average interpretive error count
was 12.5±3.2 per examination (both false-positives and

study examinations, based on comparison of the study
examinations with the reference examinations. The study examinations had the lowest interpretive miss rate, 10%, with
respect to the patient’s single instance of anterior spondylolisthesis, and the highest miss rate, 72.5%, for the patient’s
four instances of nerve root involvement. The interpretive miss
rates for all other pathologies ranged from 30% to 47.5% and
are summarized in Table 1.
Fig. 3 illustrates an example from the reference examination for grading central canal stenosis. At the level of the
L2 pedicles, the area of the thecal sac measures approximately 241 mm2, and at the level of the L2–L3 disc space
the area of the thecal sac measures approximately 67 mm2.
The reduction of the thecal sac is greater than two-thirds and

Table 1
Aggregated interpretive errors along with the reported variability of the radiologists’ reports at the 10 study centers for each pathology
Area of pathology

Reference
examination findings

True-positives

False-positives

False-negatives

True-positive rate
(sensitivity) (%)

False-negative rate
(miss rate) (%)

Anterior spondylolisthesis
Vertebral fracture
Neural foraminal stenosis
Facet degeneration
Disc degeneration
Central canal stenosis
Disc herniation
Nerve root involvement
Lateral recess stenosis

1
1
4
4
5
2
4
4
0

9
7
27
25
30
11
21
11
0

0
0
1
0
0
8
2
3
2

1
3
13
15
20
9
19
29
0

90.0
70.0
67.5
62.5
60.0
55.0
52.5
27.5
N/A

10.0
30.0
32.5
37.5
40.0
45.0
47.5
72.5
N/A

The table is sorted by increasing interpretive miss rate.
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Table 2
Interpretive errors of each study examination report from the 10 study centers compared with the set of reference findings

Study examination
Exam 7
Exam 10
Exam 8
Exam 4
Exam 3
Exam 5
Exam 9
Exam 1
Exam 2
Exam 6
Average±standard deviation

Reference
examination
findings
25
25
25
25
25
25
25
25
25
25

True-positives

False-positives

False-negatives

Error count
(FP+FN)

True-positive rate
(sensitivity) (%)

False-negative rate
(miss rate) (%)

18
17
16
16
15
15
14
11
10
9
14.1±2.9

2
1
1
3
0
2
1
2
1
3
1.6±0.9

7
8
9
9
10
10
11
14
15
16
10.9±2.9

9
9
10
12
10
12
12
16
16
19
12.5±3.2

72.0
68.0
64.0
64.0
60.0
60.0
56.0
44.0
40.0
36.0
56.4±11.7

28.0
32.0
36.0
36.0
40.0
40.0
44.0
56.0
60.0
64.0
43.6%±11.7

The table is sorted by decreasing sensitivity.

false-negatives). The study examinations’ average falsenegative count was 10.9±2.9, and their average falsepositive count was 1.6±0.9. This corresponds to an average
true-positive rate (sensitivity) of 56.4%±11.7 and falsenegative rate (miss rate) of 43.6%±11.7.
Discussion
This study is the first in which interpretive variability and
error rates were assessed across 10 complete lumbar MRI examinations of the same patient, conducted at 10 unaffiliated
imaging centers within a 3-week period, and interpreted by
radiologists who were blinded to their participation in the study.
This study identified marked variability in the reported interpretive findings and an alarmingly high number of

interpretive errors in the lumbar MRI reports. With respect
to variability, no interpretive findings were reported in all 10
study examinations and only one finding was reported in 9
out of 10 study examinations. Of the interpretive findings,
32.7% only appeared once across all 10 of the study examinations’ reports. A global Fleiss kappa statistic, computed
across all reported findings, was 0.20±0.06, indicating poor
overall agreement on interpretive findings. The level of variability across the examinations in this study is higher than
the variability reported in previous studies in the literature
which assessed variability of interpretation of the same set
of images for multiple patients and grading a restricted set
of pathologies and employing a pre-agreed set of definitions in most studies [7–11]. Quantifying the prevalence and
types of interpretive errors in the study examinations, there

Fig. 3. Example from the reference examination for grading central canal stenosis. (Left) At the level of the L2 pedicles, the area of the thecal sac measures
approximately 241 mm2. (Right) At the level of the L2–L3 disc space, the area of the thecal sac measures approximately 67 mm2. The reduction of the thecal
sac is greater than two-thirds and was graded as severe stenosis.
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was an average of 12.5±3.2 interpretive errors (both
false-positives and false-negatives) across the 10 MRI examinations. The high average interpretive miss rate of
43.6%±11.7 across the study examinations means that important pathologies are routinely underreported. For example,
the study examinations demonstrated an average miss rate for
disc herniation of 47.5%. Similarly, the high false-positive
rates for specific pathologies indicate that diagnostic findings, such as central canal stenosis, may be routinely
overcalled.
The authors acknowledge that many physicians, in particular spine specialists, are generally able to independently
review MRI examinations to verify the reported findings in
order to formulate the most appropriate treatment plan including surgical care. But some physicians who provide care
in the acute stages of a patient’s symptoms (eg, family practice, internal medicine) are not as well-trained or experienced
in reviewing MRI examinations. As a result, the initial diagnosis and treatment recommendations may be based on an
inaccurate MRI interpretation, resulting in incorrect treatment recommendations, delayed recovery, or poor outcome.
Moreover, for patients being considered for less invasive procedures (eg, interventional pain management or other minimally
invasive procedures), there may be an overreliance on the MRI
report. Importantly, it would be an omission not to add that
the payer community heavily relies upon MRI reports during
utilization and authorization review procedures. As a result,
an incorrect diagnosis on an MRI has the potential to significantly delay authorization of appropriate care that in turn
can negatively impact patient outcomes.
Several limitations of the current investigation exist due
to study design and practical constraints. The first limitation is that because only a single MRI examination was
performed at each of the 10 study MRI centers, the results
reflect a single radiologist at each study center and may not
be reflective of the overall performance of the MRI center.
For this reason, the authors were unable to evaluate whether
or not these findings were representative of the imaging centers
selected for the study or generalizable to other MRI centers.
Second, the sample size and geographic distribution of the
study centers needed to be restricted in this study for logistical reasons to ensure the centers were accessible to the patient
and could all be visited within a short time frame, as well
as to respect the limits of the patient’s tolerance for repeated examinations. Third, the authors selected a set of study
centers employing a range of equipment types to reflect the
variation present in the regional market of the subject. This
distribution may deviate from the true distribution outside of
the study area. Moreover, because many of the equipment types
were only used for one or two of the examinations, there were
not sufficient sample sizes to make statistically meaningful
conclusions about the impact of MRI scanner type (eg, 0.3T
vs. 1.5T vs. 3.0T) on the variability or interpretive error rates.
Fourth, for similar reasons as above, the study was unable
to evaluate the correlation between variability or errors and

examination cost or other characteristics that may have varied
across study centers and radiologists.
Furthermore, the diagnostic variability and interpretive error
rates observed in this study of a single patient may not be
fully generalizable to all patient cohorts and pathologies. Using
a single patient for the study limits the type and severity of
pathology available for comparison. When selecting the single
patient for this study, an effort was made to recruit a subject
with a non-trivial number and range of pathologies present
in the lumbar spine, which the authors believed would allow
for a more concrete comparison and evaluation of the interpretive performance. As a result, this study design likely had
some inherent bias toward detecting more false-negative interpretive errors than false-positives.
Because of these limitations, the authors did not attempt
to identify or assess the relative importance of factors that
explain the observed variability and errors across the 10 study
examinations. However, potential reasons for the variability
in the interpretation of the MRI examinations and prevalence of interpretive errors include the degree of specialization
of the radiologist interpreting the MRI examination, the type
of equipment and imaging sequences used at the study centers,
and the nomenclature employed by the radiologists to describe and communicate abnormalities detected on the MRI
examination. The authors did not attempt to train the radiologists at the 10 study centers on spinal nomenclature, as
the study was designed to simulate what is currently occurring in the medical community where there is little agreement
on the nomenclature used to describe many spinal pathologies. Moreover, the omission or inclusion of pathologic findings
may vary based on community standards for a variety of
reasons, including but not limited to the opinions of the referring physicians and the interpreting radiologists as to how
distinct findings may be contributory to a patient’s symptoms. The authors acknowledge that the potential reasons cited
for the variability in the interpretation are speculative, and
additional important factors may also be contributing to the
observed variability.
Notwithstanding the study limitations, these results highlight critical issues and provide some novel insights and
perspective. The study centers are representative of the segments of the diagnostic MRI market actively treating patients.
Even before addressing this study’s results on interpretive
errors, the underlying level of variability across the centers’
MRI reports should be cause for concern. The fact that no
interpretive finding was reported unanimously by the radiologist at all centers and that one-third of all reported findings
only appeared once across all 10 study examination reports
indicates that there is at best significant difference in the standards employed by radiologists when deciding what to include
in diagnostic reports, and at worst significant prevalence of
interpretive errors.
Based on the variability and interpretive errors identified
in this study, further investigation is required to understand
the causes of these findings and their impact on the trajectory of patient care, outcomes, and costs. Moreover, awareness
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of the prevalence of errors may benefit providers in circumstances where there is poor correlation between a patient’s
clinical presentation and the reported MRI findings. Ultimately, it is the authors’ opinions that accurate and complete
diagnostic information at the onset of an injury or illness is
critical to improve the chances for a patient’s full recovery.
However, reducing diagnostic errors and variability in reported findings will require the development and adoption of
systematic mechanisms for measuring diagnostic MRI quality,
including error rates. The authors acknowledge that accurately measuring interpretive errors at scale is a significant
challenge and that some health-care providers may be reluctant to adopt such a system due to concerns around exposure
of their errors, negative impact on reimbursement, and potential liability. Broad acceptance of the prevalence of errors
and their potential impact on care is a critical first step toward
a system capable of providing industry-wide, standardized
measurement of diagnostic MRI quality.
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