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Can T2-weighted Dixon fat-only images replace T1-weighted images
in degenerative disc disease with Modic changes on lumbar
spine MRI?
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Abstract
Objectives To evaluate the diagnostic performance and interobserver agreement of a magnetic resonance imaging (MRI) proto-
col that only includes sagittal T2-weighted Dixon fat and water images as an alternative to a standard protocol that includes both
sagittal T1-weighted sequence and T2-weighted Dixon water images as reference standard in lumbar degenerative disc disease
with Modic changes.
Methods FromFebruary 2017 toMarch 2019, 114 patients who underwent lumbar spineMRI for low back pain were included in
this retrospective study. All MRI showed Modic changes at least at one vertebral level. Two radiologists read the standard
protocol and 1 month later the alternative protocol. All MRI were assessed for Modic changes (types, location, extension) as well
as structural changes (endplate defects, facet arthropathy, spinal stenosis, foraminal stenosis, Schmorl nodes, spondylolisthesis,
disc bulges, and degeneration). Interobserver agreement was assessed, as well as diagnostic performance using the standard
protocol as reference standard.
Results Interobserver agreement was moderate to excellent (kappa ranging from 0.51 to 0.92). Diagnostic performance of the
alternative protocol was good for detection of any Modic change (sensitivity = 100.00% [95% CI, 99.03–100.00]; specificity =
98.89% [95% CI, 98.02–99.44]), as well as for detection of each Modic subtype and structural variables (sensitivity respectively
100% and ranging from 88.43 to 99.75% ; specificity ranging respectively from 97.62 to 100% and 99.58 to 99.91% ).
Conclusions Combined with T2-weighted Dixon water images, T2-weighted Dixon fat images provide good diagnostic perfor-
mance compared to T1-weighted images in lumbar degenerative disc disease withModic changes, and could therefore allow for a
shortened protocol.
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Key Points
• Combined with T2-weighted Dixon water images, T2-weighted Dixon fat images (in comparison to T1-weighted sequence) can
provide good diagnostic performance in lumbar degenerative disc disease with Modic changes.

• Interobserver agreement of the alternative protocol including sagittal T2-weighted Dixon fat and water images was substantial
to excellent for every studied variable except for facet arthropathy.

• A shortened MRI protocol including T2-weighted Dixon sequence without T1-weighted sequence could be proposed in this
clinical setting.

Keywords Low back pain . Intervertebral disc degeneration .Magnetic resonance imaging

Abbreviations
CI Confidence interval
IDEAL Iterative decomposition of water and fat with echo

asymmetry and least squares estimation
LBP Low back pain
MRI Magnetic resonance imaging
PACS Picture Archiving and Communication System
T Tesla

Introduction

Chronic low back pain (LBP) is a common health problem, the
first cause of the years lived with disability in the world, responsi-
ble for high medical and socio-professional expenses [1, 2].
Imaging of the lumbar spine is frequently used for the investigation
of LBP; magnetic resonance imaging (MRI) is often preferred for
its high soft tissue contrast and absence of ionizing radiation [3].
Vertebral endplate signal changes in spinal degenerative disease,

known as Modic changes, are classified into three types: edema-
tous changes (type 1), fatty changes (type 2), and osteosclerotic
changes (type 3). Modic changes have shown a higher prevalence
in symptomatic patients than in asymptomatic subjects [4].
Furthermore, edematous Modic changes have been used to define
active discopathy [5], which can benefit from a specific intradiscal
treatment [6]. While acquisition protocols of lumbar spine can
vary, there is a common consensus that the standard protocol for
mechanical LBP should include a combination of T1-
weighted sequence and T2-weighted sequence with fat suppres-
sion [7]. The Dixon technique based on chemical shift between
protons of water and fat generates a set of four images in one
sequence: in and out-of-phase, water and fat-only images, combin-
ing images with and without fat suppression in one acquisition.

A recent study demonstrated that T2-weighted Dixon fat and
water-only imaging could provide similar diagnostic performance
to that of T1-weighted and T2-weighted Dixon water-only imag-
ing for the detection of bone marrowmetastases [8]. These results
suggest that the T2-weighted Dixon fat-only imaging can replace
T1-weighted sequence in this clinical setting, therefore reducing

Table 1 Sequences used on 1.5- and 3-T imagers and their parameters

Parameters SE TI
(1.5 T GE)

Fast SE TI
(3 T GE)

FAT T2
FLEX (1.5 T
GE)

FAT T2
IDEAL (3 T
GE)

TSE TI
(1.5 T
Siemens)

TSE TI
(3 T
Siemens)

FAT SE T2 Dixon
(1.5 T Siemens)

FAT T2 Dixon
(3 T Siemens)

View Sagittal Sagittal Sagittal Sagittal Sagittal Sagittal Sagittal Sagittal

Number of sections 12–16 14–18 12–16 14–18 15 15 15 15

Section thickness (mm) 4 3.5 4 3.5 3.5 3 3.5 3

Gap (mm) 1 0.5 1 0.5 1 0.6 1 0.6

Field of view (mm) 360 × 360 360 × 360 360 × 360 360 × 360 300 × 375 300 × 300 300 × 375 300 × 300

Acquisition matrix 512 × 512 512 × 512 512 × 512 512 × 512 480 × 384 448 × 448 480 × 384 448 × 448

Frequency-encoding
direction

Antero
posterior

Antero
posterior

Antero
posterior

Antero
posterior

Antero
posterior

Antero
posterior

Antero posterior Antero
posterior

Repetition time/echo
time (ms)

400/8 559/11 3038/85 3582/102 563/8.6 633/9.6 3000/83 3330/97

Echo train length/Turbo
factor

3 3 15 17 3 3 16 17

Number of excitation 2 1 4 1 2 2 1 1

Flip angle 160 160 160 142 160 120 150 120

Bandwidth (kHz for GE,
Hz/pixel for Siemens)

62.5 62.5 125 62.5 228 279 352 260

Acquisition time 3:20 3:40 3:30 3:50 1:57 2:21 3:29 3:25
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acquisition time. This alternative protocol without T1-weighted
sequence could also provide an opportunity to decrease acquisi-
tion time of lumbar spine MRI for degenerative disc disease with
Modic changes, which would be impactful considering the high
prevalence of LBP and the need for lumbar spine MRI in this
indication.

The purpose of this study was to evaluate interobserver
agreement and diagnostic performance of a shortened protocol
including the T2-weighted Dixon fat and water images com-
pared to the standard protocol including T1-weighted images
and T2-weighted Dixon water-only images in degenerative
disc disease with Modic changes.

Materials and methods

Patient population

Our retrospective study was approved by our institutional
ethics committee.

We browsed the PACS (Picture Archiving and
Communication System) database for MRI imaging, with fil-
ters on lumbar spine exploration, and on protocols without
gadolinium chelate injection, in two academic hospitals from
February 2017 to March 2019. We assessed images, then in-
cluded patients with Modic changes on their lumbar spine.

The exclusion criteria were history of spine surgery (such
as osteosynthesis, arthrodesis, or disc surgery), context of neo-
plasia including hematologic neoplasia (such as myeloma or
lymphoma) , in fec t ion , ve r t eb ra l f r ac tu res , and
spondyloarthropathy retrieved from medical charts.

We also excluded all MR imaging without T2-weighted
Dixon technique sequences.

MR imaging protocol

All lumbar spine MR imaging were performed with 1.5-T and
3-T MR imagers from two manufacturers: General Electric
SIGNA ARTIST 1.5 T, DISCOVERY MR750w 3 T, and
Siemens Magnetom Aera and Skyra. The sequences assessed

Fig. 1 Vertebral endplate signal
changesModic type 1: edematous
changes of endplates at L5–S1
level, with low signal on sagittal
T1-weighted image (a) and T2-
weighted Dixon fat image (b),
and high signal on T2-weighted
Dixon water image (c)

Fig. 2 Vertebral endplate signal
changes Modic type 2: fatty
changes of endplates at L4–L5
level (arrows), with high signal on
sagittal T1-weighted image (a)
and on T2-weighted Dixon fat-
only image (b) and low signal on
T2-weighted Dixon water-only
image (c)
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were sagittal water and fat images of T2-weighted Dixon
sequence (Siemens) or iterative decomposition of water and
fat with echo asymmetry and least squares estimation
(IDEAL) (3-T General Electric), FLEX (1.5-T General
Electric), and sagittal T1-weighted sequence. Acquisition pa-
rameters are described in Table 1. The acquisition time ranged
from 1:57 to 3:40 min for T1-weighted sequences, and from
3:25 to 3:50 min for T2-weighted Dixon sequences.

We defined as the standard protocol a set of two sequences
including sagittal T1-weighted sequence and T2-weighted
Dixon water-only images. The alternative protocol was fat-
only and water-only images of T2-weighted sequence
based on Dixon method (Dixon, FLEX, IDEAL). Two radi-
ologists (5 years of experience) first read the standard proto-
col, and then after a month’s time of washout period, the
shortened protocol, independently from one another. A

meeting took place prior to study initiation to standardize the
readings on an independent database. Clinical information
(gender, age, indication) were available to the readers in both
protocols.

Image analysis

We selected different variables already studied in the
literature, in both the standard protocol and the alternative
protocol from segments L1 to S1 (the last disc being defined
as L5–S1) [9]. We evaluated Modic-related changes as well as
other morphological criteria usually assessed on T1-weighted
images:

For Modic-related changes, we assessed vertebral endplate
signals, classified as [10]:

Fig. 3 Mixed form of vertebral
endplate signal changes with
Modic types 1 and 3: edematous
changes (arrow heads) with low
signal on sagittal T1-weighted
image (a) and T2-weighted Dixon
fat-only image (b) and high signal
on T2-weighted Dixon water-
only image (c), and osteosclerotic
changes (arrows) with low signal
on all sequences were observed as
well. The dominant type in this
case was Modic type 1

Fig. 4 Illustration of Schmorl
nodes: anterior prolapse of
intervertebral disc material into
the vertebral endplates at multiple
levels of lumbar spine on sagittal
T1-weighted image (a) and T2-
weighted Dixon fat-only (b) and
water-only images (c)
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& Modic type 1 changes: edematous changes, hypointense
on T1-weighted images and T2-weighted Dixon fat-only
images, hyperintense on T2-weighted Dixon water-only
images (Fig. 1)

& Modic type 2 changes: fatty changes, hyperintense on T1-
weighted and T2-weighted Dixon fat-only images,
hypointense on T2-weighted images with fat suppression
(Fig. 2)

& Modic type 3 changes: osteosclerotic changes,
hypointense on both T1, T2-weighted Dixon fat-only
and water-only images

When co-occurrence of different types of Modic changes
was observed on the same vertebral endplate, they were clas-
sified as mixed forms and a dominant Modic type was deter-
mined. If one specific type of Modic was larger than the
other types also observed on the endplate, then it was con-
sidered as the dominant type on this endplate (Fig. 3). The
location of Modic changes was classified as lateralized on
the right or on the left, or both. Extension was evaluated
using the maximum height and anteroposterior percentage

in the vertebral endplate, by a semi-quantitative assessment
of alteration in endplate involved above or below a disc
level.

Vertebral endplate lesions were assessed: presence of ante-
rior or posterior osteophyte, Schmorl nodes (Fig. 4), and
endplate defects (including focal defects, corner defects, and
erosive defects). Spondylolisthesis, graded using Meyerding
system, right or left foraminal stenosis, and facet arthropathy
were also reported on T1-weighted and T2-weighted Dixon
fat-only images [11–13]. Disc morphology was classified ac-
cording to the Pfirrmann grading system on each level, as well
as presence or absence of a bulging disc and of a severe central
stenosis on T2-weighted Dixon water-only images [14].

Reference standard

The reading results of the standard protocol were considered
as the reference standard to test diagnostic performance of the
alternative protocol.

Statistical analysis

To assess the interobserver agreement for each protocol, the
kappa statistic was used, a weighted kappa statistic in case of
ordinal level measurements. Results were expressed as kappa
values (κ) with 95% confidence intervals. Landis and Koch
suggested the following interpretation for reliability with the
Cohen kappa statistic: less than 0.0, no agreement; 0.0–0.20,
slight; 0.21–0.40, fair; 0.41–0.60, moderate; 0.61–0.80, sub-
stantial; and 0.81–1.0, excellent [15]. Diagnostic performance
values (sensitivity, specificity, positive and negative likeli-
hood ratio, positive and negative predictive values) and re-
spective 95% confidence intervals were determined for the
alternative protocol in comparisonwith the reference standard,

Table 2 Characteristics of 114 patients

Characteristics Number %

Mean age ± standard deviation (years) 59.4 ± 13.4

Men

Number 53 46.49%

Mean age ± standard deviation 59.1 ± 14.8

Woman

Number 61 53.51%

Mean age ± standard deviation 59.7 ± 12.2

Fig. 5 Flowchart of patients
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using 2 × 2 contingency tables. Among all variables reported,
we compared the diagnostic performance for variables evalu-
ated on T1-weighted sequence: presence of Modic changes,
Modic types, endplate defects, osteophytes, facet arthropathy,
foraminal stenosis, and Schmorl nodes. Excel 2016 and
RStudio Desktop 1.2.1335 were used for data analysis.

Results

Study population

A total of 972 MRI of lumbar spine were screened (Fig. 5). In
total, 120 patients were eligible; 6 were excluded later as signs
of previous disc surgery were discovered on MRI, and we
finally included 114 patients. Mean age was 59.4 (standard
deviation: 13.4); 53 were men (46.5% ). Fifty percent of the
patients presented radicular pain (Table 2).

We studied 1368 endplates (Table 3); Modic changes
were identified in 27.7% (379) of endplates, which predom-
inated on L4–L5 and L5–S1 levels. Among the Modic
changes, the most common types of Modic were type 1
(35% ), mixed form 1 and 2 (31% ), and type 2 (27% ).
The most common extent of Modic changes in terms of
maximum affected height and antero-posterior extension
were respectively 25–50% and more than 75% of endplate.
Four cases of fat-water swapping artifact were reported: 3 at
3 T, and 1 at 1.5 T (Fig. 6).

Diagnostic performance of the alternative protocol
compared to the standard protocol

Table 4 shows findings of diagnostic performance of the al-
ternative protocol.

The shorter protocol had good diagnostic performance for
Modic-related variables as well as other morphologic vari-
ables listed on Table 3: all sensitivity and specificity values
were higher than 95% except for osteophyte detection which
showed 88% of sensitivity [95% CI, 85.74–90.78].

Interobserver agreement of the standard protocol
and alternative protocol

In both protocols, the interobserver agreement was excellent,
with kappa ranging from 0.81 [95% CI, 0.77–0.85] to 0.92–
0.93 [95% CI, 0.91–0.95] for the detection of Modic changes,
the location, as well as its maximum height and
anteroposterior extension and endplate defect. The interob-
server agreement was excellent for Modic 1 and 2. For
Modic 3, the interobserver agreement was substantial for both
protocols. For dominant type, Schmorl nodes and foraminal
stenosis, the interobserver agreement was substantial in both
protocols. For facet arthropathy, the interobserver agreement
was substantial with the standard protocol (kappa = 0.68 [95%
CI, 0.63–0.73]), and moderate with the alternative protocol
(kappa = 0.51 [95% CI, 0.46–0.57]).

Values for interobserver agreement are shown in Table 5
for the standard protocol and the alternative protocol with a
95% confidence interval.

Table 3 Findings in 114 MRI imaging examination reports

MR imaging variables Number %

Presence of Modic changes (n = 1368 endplates) 379 27.70
Modic type
Modic 1 132 9.65
Modic 2 101 7.38
Modic 3 0 0.00
Modic 1,2 119 8.70
Modic 1,3 12 0.88
Modic 2,3 5 0.37
Modic 1,2,3 10 0.73

Dominant type in case of multiple Modic changes
Type 1 68 4.97
Type 2 69 5.04
Type 3 7 0.51

Location within endplate
Both 197 14.40
Right only 91 6.65
Left only 91 6.65

Maximum affected height
No changes 989 72.30
Only the endplate 103 7.53
< 25% of the vertebral body 94 6.87
25–50% of the vertebral body 133 9.72
51–57% of the vertebral body 38 2.78
> 75% of the vertebral body 11 0.80
Maximum affected anteroposterior extension
No changes 989 72.30
< 25% of endplate 35 2.56
25–50% of endplate 65 4.75
51–75% of endplate 59 4.31
> 75% of endplate 220 16.08
Endplate defects n = 1368 264 19.30
Osteophyte (yes or no) = 1368 656 47.95
Anterior 541 39.55
Posterior 14 1.02
Both 101 7.38

Schmorl node 174 12.72
Facet arthropathy (n = 684 levels) 393 57.46
Foraminal stenosis
Right only 18 2.63
Left only 41 5.99
Both 29 4.24

Spondylolisthesis
Anterolisthesis grade I 15 2.19
Anterolisthesis grade II 1 0.15
Anterolisthesis grade III or IV 0 0.00
Retrolisthesis grade I 20 2.92
Retrolisthesis grade II 0 0.00
Retrolisthesis grade III or IV 0 0.00

Discopathy (Pfirrmann stage)
I 0 0.00
II 128 18.71
III 244 35.67
IV 219 32.02
V 93 13.60

Bulging disc 289 42.25
Spinal stenosis 58 8.48
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Discussion

We found that the alternative protocol using T2-weighted
Dixon fat-only and water-only images had good diagnostic
performance compared to the standard protocol with T1-
weighted sequence and T2-weighted Dixon water-only im-
ages, for the detection and characterization of Modic changes,
as well as other relevant morphologic criteria in lumbar de-
generative disc disease. Furthermore, interobserver agreement
was almost perfect for most of the criteria.

Recent monocentric studies focusing on the use of T2-
weighted Dixon fat-only images in replacement of T1-
weighted images in this clinical setting have led to similar con-
clusions [16, 17], using only 3-T Siemens scanners (Somatom
Skyra, Skyra Fit, and Prisma) [16] or 3-T Philips scanners
(Achieva dStream and Ingenia) [17]. Our study is, to our knowl-
edge, the first multicentric investigation on the subject, on a
larger population. We also included 1.5-T scanners frequently
used for LBP, from different manufacturers (GE and Siemens),
therefore improving the generalization of our findings.

Fig. 6 Fat–water swapping
artifact on L2–L3: disc signal is
suppressed instead of part of the
vertebral bone marrow signal on
T2-weighted Dixon water-only
image (c), with sharp margins.
Opposite pattern on T2-weighted
Dixon fat-only image (b). No
signal changes on T1-weighted
image (a). The T2-weighted
Dixon in-phase image (d), not
analyzed in our study, is not af-
fected by this artifact

Table 4 Diagnostic performance of the alternative protocol

Variables Se % Sp % LR + LR - PPV % NPV %

Modic + 100.00 98.89 89.91 97.18 99.20

(99.03–100.00) (98.02–99.44) (49.96–161.82) 0.00 (95.04–98.41) (98.57–99.60)

Modic 1 100.00 100.00

(98.66–100.00) (99.66–100.00) 0.00 100.00 100.00

Modic 2 100.00 97.62 41.96 89.69

(98.44–100.00) (96.55–98.42) (28.91–60.91) 0.00 (85.71–92.67) 100.00

Modic 3 100.00 100

(87.23–100.00) (99.73–100) 0.00 100.00 100.00

Endplate defects 99.62 99.91 1099.82 0.00 99.62 99.91

(97.91–99.99) (99.50–100) (155.05–7801.15) (0.00–0.03) (97.37–99.95) (99.36–99.99)

Osteophyte 88.43 99.58 209.58 0.12 99.49 90.31

(85.74–90.78) (98.77–99.91) (67.73–648.51) (0.09–0.14) (98.43–99.83) (88.29–92.01)

Facet arthropathy 99.75 99.66 290.26 0.00 99.75 99.66

(98.58–99.99) (98.10–99.99) (41.02–2053.73) (0.00–0.02) (98.23–99.96) (97.62–99.95)

Foraminal stenosis 98.29 99.68 307.40 0.02 96.64 99.84

(93.96–99.79) (99.18–99.91) (115.52–818.02) (0.00–0.07) (91.53–98.71) (99.37–99.96)

Schmorl nodes 98.85 99.75 393.43 0.01 98.29 99.83

(95.91–99.68) (99.27–99.95) (127.05–1218.28) (0.00–0.05) (94.88–99.44) (99.34–99.96)

Data are diagnostic performance parameters, with 95% CIs in parentheses. The findings of the standard protocol were considered as the reference
standard

LR+, positive likelihood ratios [sensitivity/(1 − specificity)]; LR−, negative likelihood ratios [(1 − sensitivity)/specificity]; NPV, negative predictive
value; PPV, positive predictive value
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The high values of sensitivity and specificity found in our
study are consistent with our clinical experience of the use of
T2-weighted Dixon sequences, as well as other studies com-
paring T2-weighted Dixon fat-only images with T1-weighted
sequences for the detection of vertebral metastases [7]. The
slightly lower value of sensitivity for osteophyte detection in
the shorter protocol could be compensated by the use of the
other Dixon images such as T2 in-phase images, which allows
anatomical analysis of vertebral body contours, and anatomi-
cal information, which was not studied here.

Our study showed substantial to almost perfect interobserv-
er agreement of the alternative protocol for all criteria of de-
generative disc disease. Most of our results were consistent or
better than those of the literature [9, 18–21]. A list of standard-
ized definitions established before interpretation and an in-
personmeeting to review a sample set of images could explain
the high values of interobserver agreement. The training and
experience of the two readers in musculoskeletal imaging
were similar; this could also explain the high interobserver
agreement. For osteophyte detection, the interobserver agree-
ment was moderate in the alternative protocol, but similar to
Jensen’s result, and better than that of Arana where there was
no consensus on criteria among five radiologists of three dif-
ferent hospitals [9, 19]. For facet arthropathy, the interobserv-
er agreement was moderate with the alternative protocol as in
other studies [18, 22]. Facet arthropathy is however usually
evaluated on axial T2 sequences, or computerized

tomography, not included in our study. For foraminal stenosis,
we obtained good interobserver agreement, better than that in
other studies but not as good as Seunghun Lee’s findings
which could be explained by the use of a standardized grading
system in that study [20, 21, 23].

However, our study also has some limitations.
First, because of its retrospective nature, it was impossible

to obtain a standardization of the acquisition parameters on
different systems, hence heterogeneity of the images.
However, this heterogeneity of the images is commonly en-
countered in routine clinical practice. Second, as the presence
ofModic changes was part of our inclusion criteria, all lumbar
spine MRI included in the study had Modic changes at least
on one disc level, which could increase interobserver agree-
ment on the presence or absence of Modic, and therefore ex-
plain better results than in the literature. However, as our anal-
ysis was performed on a per-level basis, and not per-patient
basis, the risk of bias was minimized. Finally, although the
T2-weighted Dixon sequences present many advantages, we
observed 4 cases of swapping artifacts. The Dixon technique
is sensitive to B0 heterogeneity, which can be responsible for
ambiguity between fat and water peaks, leading to a miscal-
culation and inverted fat and water suppression, but not affect-
ing phase images. These artifacts are specific to the Dixon
sequence and can be global (inversion of the fat-only and
water-only images), or localized, which may lead to misinter-
pretation of potential discopathy and endplate signal changes.

Table 5 Interobserver agreement of the standard protocol including sagittal T1-weighted sequence and sagittal T2-weighted Dixon water-only images,
and the alternative protocol including sagittal T2-weighted Dixon water-only and fat-only images without T1-weighted sequence

Variables Standard protocol Alternative protocol

Kappa 95% CI Kappa 95% CI

Modic (yes or no) 0.93 0.91–0.95 0.92 0.90–0.94

Modic type 1 0.90 0.86–0.93 0.90 0.88–0.93

Modic type 2 0.85 0.81–0.89 0.87 0.84–0.91

Modic type 3 0.77 0.63–0.91 0.77 0.63–0.91

Dominant type if mixt forms 0.72 0.66–0.79 0.78 0.72–0.83

Location within endplates 0.86 0.83–0.89 0.84 0.81–0.87

Maximum affected height* 0.82 0.80–0.84 0.81 0.79–0.83

Maximum affected anteroposterior extension* 0.91 0.89–0.93 0.91 0.89–0.93

Endplate defect (yes or no) 0.81 0.77–0.85 0.82 0.78–0.86

Osteophyte (yes or no) 0.60 0.56–0.64 0.66 0.62–0.70

Schmorl nodes (yes or no) 0.73 0.67–0.79 0.75 0.69–0.80

Facet arthropathy (yes or no) 0.68 0.63–0.73 0.51 0.46–0.57

Foraminal stenosis (yes or no) 0.65 0.57–0.73 0.68 0.61–0.76

Bulging disc 0.84 0.80–0.88 0.85 0.81–0.89

Spondylolisthesis 0.67 0.53–0.81 0.71 0.60–0.84

Pfirrmann* 0.78 0.74–0.81 0.78 0.74–0.81

The kappa statistic was used, a weighted kappa statistic* in case of ordinal level measurements
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However, they can be easily recognized by their specific
shape with sharp margins and the use of T2-weighted Dixon
in-phase images (Fig. 6) [24].

In conclusion, our results suggest that combined with T2-
weighted Dixon water-only images, T2-weighted Dixon fat-
only images provide good diagnostic performance in compar-
ison to T1-weighted sequence in the detection of Modic-
related changes as well as morphologic changes in lumbar
degenerative disc disease and could therefore allow a shorter
imaging protocol in this clinical setting.
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