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Abstract
Background: It is uncertain whether T2-weighted Dixon water images (DixonT2w) and short tau inversion recovery

(STIR) are interchangeable when evaluating vertebral bone edema, or if one method is superior or visualizes the edema

differently.

Purpose: To compare image quality and Modic change (MC)-related edema between DixonT2w and STIR and estimate

inter-observer reliability for MC edema on DixonT2w.

Material and Methods: Consecutive patients (n= 120) considered for the Antibiotics in Modic changes (AIM) trial

underwent lumbar 1.5-T magnetic resonance imaging with two-point DixonT2w and STIR. Two radiologists assessed

MC-related high-signal lesions on DixonT2w and compared image quality and lesion extent with STIR. Cohen’s kappa
and mean of differences± limits of agreement were calculated.

Results: Fat suppression and artefacts were similar on DixonT2w and STIR in 116 of 120 (97%) patients. Lesion con-

spicuity was similar in 88, better on STIR in 10, and better on DixonT2w in 9 of 107 patients with MC-related high-signal

lesions. Contrast-to-noise ratio for STIR versus DixonT2w was 19.1 versus 17.1 (mean of differences 2.0± 8.2). Of 228

lesions L4-S1, 215 (94%) had similar extent on DixonT2w and STIR, 11 were smaller/undetected on STIR, and two were

smaller/undetected on DixonT2w. Lesions missed on STIR (n= 9) or DixonT2w (n= 1) had a weak signal increase on the

other sequence (≤17%; 0%= vertebral body, 100%= cerebrospinal fluid). Inter-observer reliability (mean kappa L4-S1)

was very good for presence (0.87), moderate for height (0.44), and good for volume (0.63) of lesions on DixonT2w.

Conclusion: DixonT2w provided similar visualization of MC-related vertebral edema as STIR.
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Introduction
Water-only images from magnetic resonance imaging
(MRI) with the Dixon method are used to evaluate edema
changes in various parts of the body, including the spine
(1–5). The Dixon method separates fat and water and can
provide uniform fat suppression with few artefacts (1)
and, unlike other fat-suppression techniques, it provides
images with and without fat suppression in one acquisition.

Short tau inversion recovery (STIR) is an established
fluid-sensitive MRI method (6). Both STIR and
T2-weighted Dixon water-only images (DixonT2w) are
used to assess bone edema. However, it is uncertain
whether these methods can be used interchangeably, or if
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one method is superior or may visualize the edema differ-
ently. Few have compared DixonT2w and STIR, and results
diverge. At 1.5-T MRI of the spine, DixonT2w showed better
fat suppression but poorer lesion conspicuity than STIR in
one study (2) and a similar lesion depiction at a reduced scan
time in another study (4). DixonT2w yielded better fat suppres-
sion than STIR in the hands (7), but poorer inter-observer agree-
ment for occult fractures in hip and pelvis (8).

In this study, we compared the use of DixonT2w and
STIR to evaluate bone edema related to Modic changes
(MCs) in the lumbar spine. MCs are MRI signal changes
extending from the endplate into the vertebral body
marrow (9). There is conflicting evidence for whether MCs
are related to pain (10,11), but those containing edema may
be painful (12–14) and MCs have been targets of treatment
in selected patients with back pain (15–21). Data are scarce
regarding evaluations of MC edema on DixonT2w, but
suggest moderate to very good inter-observer reliability
for such evaluations on STIR (22). The aim of the present
study was to compare image quality and MC-related edema
between DixonT2w and STIR and estimate inter-observer
reliability for MC edema on DixonT2w.

Material and Methods
This cross-sectional study was based on MRI examinations
of 120 consecutive patients with chronic low back pain. All
were prospectively recruited from hospital outpatient
clinics in Norway, had MCs on a previous clinical MRI,
and were considered for possible participation in the

Antibiotics In Modic changes (AIM) trial (15,23).
Patients preliminarily eligible for the trial based on the pre-
vious MRI and the criteria in Appendix Table A1 were
included in the present study regardless of their current
MRI findings or final trial eligibility. No patient had prior
low back surgery, except disc herniation surgery conducted
>1 year earlier. No patient had lumbar metal implants. The
Regional Committees for Medical Research Ethics in Norway
approved this study. All patients gave written informed
consent before inclusion. The Regional Committees for
Medical Research Ethics in Norway approved this study and
the trial it was based on (REC South East, approval number
2014/158). The trial is registered at ClinicalTrials.gov
(identifier NCT02323412).

Images
The 120 patients underwent MRI from June 2015 to
September 2016 at five centers using identical protocols
and 1.5 T scanners (Magnetom Avanto B19; Siemens
Healthineers, Erlangen, Germany). This study applied
sagittal two-point DixonT2w and STIR sequences acquired
during the same scanning session (Table 1). Dixon
in-phase, opposed-phase, or fat only images were not used.

Evaluation
Two radiologists, with four and five years of experience and
a special interest in musculoskeletal imaging, independ-
ently evaluated levels Th12-S1 (12 endplates) using all

Table 1. MRI parameters for sagittal T2-weighted Dixon and STIR of the lumbar spine.

Parameter Dixon STIR

Repetition time (ms) 3970 5530

Echo time (ms) 75 70

Echo train length 15 20

No. of acquisitions 1 1

No. of concatenations 1 1

No. of slices 15 15

Matrix (frequency× phase) 320× 240 320× 224

FOV 300× 300 300× 300

Slice thickness (mm) 4.0 4.0

Interslice gap (mm) 0.4 0.4

Voxel size (mm) 1.3× 0.9× 4.0 1.3× 0.9× 4.0

Receiver bandwidth (Hz/px) 401 182

Phase encoding direction Head to feet Head to feet

Saturation pulses Anterior, 30 mm Anterior, 30 mm

Acquisition time 3 min 48 s 1 min 58 s

Coverage From above Th12 to below S2 From above Th12 to below S2

Phase oversampling (%) 70 70

Inversion time (ms) NA 160

Parallel acquisition techniques mode None None

Filters Large FOV filter Large FOV filter, elliptic filter

MRI was performed on 1.5-T Magnetom Avanto scanners (Siemens) with B19 software, using the integrated phased array spine coil.

FOV, field of view; MRI, magnetic resonance imaging; NA, not applicable; STIR, short tau inversion recovery.
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sagittal slices. They were blinded to clinical data, except the
presence of chronic low back pain. For each patient, first
DixonT2w images were interpreted blinded to STIR, then
image quality and signal increases were directly compared
between DixonT2w and STIR.

Image quality was defined by visual assessments of fat
suppression uniformity, artefacts, and lesion conspicuity
and by measurements of noise, signal-to-noise ratio
(SNR), and contrast-to-noise ratio (CNR), as detailed
below. Increased MC-related signal on DixonT2w was
defined as a visibly increased signal compared to normal
vertebral bone marrow. The signal increase had to be
located in or be in contact with a region with MCs on
T1-weighted (T1W) and T2-weighted (T2W) fast spin-echo
images – or be shaped and located as an MC. The observers
had the T1W and T2W images open when assessing
DixonT2w images. MCs were defined based on non-fat
suppressed T1W/T2W fast-spin echo images alone as
signal changes in the vertebral bone marrow that extend
from the endplate, as described by Modic et al. (9).

Blinded to STIR, the observers evaluated presence
(yes/no), height, volume, and maximum intensity of
MC-related high signal on DixonT2w. The largest
height of the high signal lesion was measured in milli-
meters and was recalculated into a percentage of verte-
bral body marrow height measured in millimeters along
the same line on the same image. This height percentage
was analyzed both as a continuous variable and categor-
ized (<10%, <25%, 25%–50%, or >50%). The volume of
the region with high signal was visually estimated as
<10%, <25%, 25%–50%, or >50% of the total volume
of the vertebral body marrow.

Signal intensity was measured on DixonT2w in the
brightest area of the MC-related high-signal lesion, in
normal vertebral body marrow, and in cerebrospinal fluid
(CSF) using circular regions of interest (ROIs) available
in our PACS. A ROI of size 25 mm2 was used for measur-
ing the most intense MC-related high signal and the signal
of CSF at the level of the affected vertebral unit. A ROI of
44 mm2 was used to measure the signal intensity in normal
vertebral bone marrow, avoiding the central vertebral vein
(Fig. 1) (22). Maximum intensity of the MC-related high
signal on DixonT2w (“Dixon”) in % points was calculated
on a scale from normal vertebral body intensity (“Body,”
0%) to CSF intensity (“CSF,” 100%) as ([“Dixon” –
“Body”]/[“CSF” – “Body”])*100%. We also used corre-
sponding intensity measurements made on the STIR
images (blinded to DixonT2w) in a prior reliability study
by three musculoskeletal radiologists, each with >10
years of experience (22).

Comparing DixonT2w and STIR, the current observers
evaluated fat suppression uniformity (better on Dixon,
similar, better on STIR), artefacts (less on Dixon, similar,
less on STIR), lesion conspicuity (better on Dixon,
similar, better on STIR), noise (see below), and extent of

MC-related high signal (larger on Dixon, similar, larger
on STIR). Fat-water swap on Dixon (fat presented as
water and water presented as fat) (1) was also noted (yes/
no) and whether poor fat suppression or artefacts reduced
diagnostic confidence on Dixon (yes/no) or STIR (yes/
no). Only definite findings or differences, visible on ≥2
image slices were noted.

Noise was defined as the standard deviation (SD) of the
background signal intensity outside the patient, after verify-
ing a Rayleigh distribution of the intensity (i.e. mean/SD=
1.9) (24). Noise was measured in grayscale units in the mid-
sagittal image (or the next image left or right) in a circular
ROI of 44 mm2 that was 1–2 cm posterior to the skin at the
level of L3 (Fig. 1). We calculated the SNR and CNR at
L4-S1; SNR= normal vertebral body intensity/noise;
CNR= (maximum MC-related signal intensity in grayscale
units – vertebral body intensity)/noise (25).

Conclusive findings
Conclusive findings were based on agreement between both
radiologists and – in cases of disagreement – consensus
with a musculoskeletal radiologist with >10 years of experi-
ence. For the presence of MC-related high signal on STIR,
the conclusive rating was the majority rating reported
(blinded to DixonT2w) by the three radiologists in the pre-
vious reliability study (22). For noise, SNR, and CNR on
DixonT2w and STIR, the conclusive value was the mean
of two radiologists’ values.

Pilot study
The two radiologists conducted a pilot study on 14
patients, not included in the present study, in order to
refine and find a similar understanding of the MRI evalu-
ation criteria. They interpreted high signal lesions, com-
pared image quality and lesions between DixonT2w and
STIR, and discussed disagreements and criteria. At the
end of the pilot study, their MRI assessments and the
MRI evaluation criteria were concluded to be adequate
for starting the main study.

Statistical analyses
The one-sample signed rank sum test was applied to
compare fat suppression uniformity, artefacts, lesion con-
spicuity, and signal extent between DixonT2w and STIR.
To compare noise, SNR, and CNR, we used Bland–
Altman plots with the mean of differences± 1.96 SD
(limits of agreement [LoA]).

Cohen’s kappa was calculated for inter-observer agree-
ment on MC-related high signal on DixonT2w at each end-
plate L4-S1, and for agreement on conclusive findings
between DixonT2w and STIR across L4-S1 (480 end-
plates). Due to the low prevalence of findings (<10%) in
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levels Th12-L3, kappa was not calculated for these levels
(26). The interpretation of Cohen’s kappa was as follows:
0.00–0.20 = poor; 0.21–0.40 = fair; 0.41–0.60 =moderate;
0.61–0.80 = good; and 0.81–1.00 = very good agreement
beyond chance (26).

For height and maximum intensity of the high signal on
DixonT2w in percentage points, we calculated means of
differences between observers with LoA across all end-
plates L4-S1.

MedCalc 17.6 (MedCalc Software) was used for ana-
lyses and Matlab 9.5 (Mathworks) for plots.

Sample size
A sample size of 85 patients is needed to detect an
unweighted pairwise kappa value of 0.70 as significantly
larger than 0.40 for a finding with 30% prevalence (β=
0.2, two-sided α= 0.05) (26). We included 120 patients to
improve the power.

Results
The 120 included patients (72 women) were aged 25–64
years (mean age = 45 years).

Image quality: DixonT2w versus STIR
The fat suppression uniformity was concluded to be similar
on DixonT2w and STIR in 116 of 120 (97%) patients and
better on Dixon in four patients (Table 2, Fig. 2).
Reduced diagnostic confidence due to poor fat suppression
was not reported in any patient.

Artefacts were similar on DixonT2w and STIR in 116
patients and less on STIR in four patients by conclusion, and
less on STIR in 11 patients according to one radiologist
(Table 2). Reduced diagnostic confidence due to artefacts
was concluded for both Dixon and STIR in three patients and
for Dixon only in four patients. These appeared as pulsation
artefacts in all cases, visible posterior to aorta in six of seven
cases.

Fig. 1. Measurements of signal intensities and noise. (a–d) A 50-year-old woman with chronic low back pain. Measurements of signal

intensity (GY, grayscale units) in (a) the most intense Modic change-related high-signal region and in (b) normal vertebral body and CSF

on DixonT2w. Measurement of noise (Dev) on (c) DixonT2w and (d) STIR. Midline slices were used for measuring CSF intensity at the

affected level, vertebral body intensity centrally near the endplate in the normal part of the affected or a close vertebra, and noise in air

posterior to L3. CSF, cerebrospinal fluid; DixonT2w, T2-weighted Dixon water images; STIR, short tau inversion recovery.
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Fat-water swap on Dixon occurred in 49 of 120 (41%)
patients. It always affected the whole image stack (the
whole part of each image) and did not influence diagnostic
confidence.

The conclusive lesion conspicuity was similar in 82% of
the patients without favoring DixonT2w or STIR (Table 2).
Each radiologist separately tended to report better lesion
conspicuity on Dixon.

DixonT2w showed slightly more noise than STIR (mean
5.2 vs. 4.6, LoA± 1.8), similar SNR (mean 12.1 vs. 12.6,
LoA± 5.9), and slightly lower CNR (mean 17.1 vs. 19.1,
LoA± 8.2) across levels L4-S1 (Fig. 3).

High-intensity lesions: DixonT2w versus STIR
DixonT2w and/or STIR showed 228 MC-related high
signal lesions at L4-S1 (480 endplates). DixonT2w

missed 1 of 219 high-intensity lesions present on STIR
and showed high signal at 9 of 261 endplates without
high signal on STIR (kappa = 0.96).

The nine lesions missed on STIR had a low CNR and
low maximum intensity on DixonT2w (CNR = 5.7–13.0,
mean = 9.2 vs. 17.1 for all lesions; intensity 8%–17%,
mean 12% vs. 25% for all lesions; 0%= vertebral body,
100%=CSF). One lesion missed on DixonT2w had a
CNR of 5.1 and maximum intensity of 13% on STIR.

Of the 228 lesions L4-S1, 215 (94%) had a similar extent
on DixonT2w and STIR, 2 (1%) were smaller or undetected
on Dixon, and 11 (5%) were smaller/undetected on STIR (P
= 0.03) (Fig. 4; Appendix Table A2).

Inter-observer reliability: DixonT2w
The inter-observer agreement (Fig. 5) was very good for the
presence of MC-related high signal on DixonT2w (mean
kappa = 0.87). The agreement on the categorized height
of the high signal ranged from fair to good and was moder-
ate overall (mean kappa = 0.44). For the volume of the
region with a high signal, overall inter-observer agreement
was good (mean kappa = 0.63).

For the height of the high signal on DixonT2w in the per-
centage of vertebral body height, the mean of differences
between observers±LoA was 2.1± 24.8% points at
L4-S1. The corresponding figures were 0.03± 7.3%
points for maximum intensity of the signal (scale of 0%–
100%). Height percentage points were reported in the
range of 7–100 (mean = 44) and intensity percentage
points in the range of 3–67 (mean = 25) (Appendix
Table A3).

Discussion
To our knowledge, this was the first comprehensive study
(n= 120) to compare evaluations of MC-related vertebral
bone edema between DixonT2w and STIR. The study
included assessments of image quality, differences in visu-
alization of bone edema, and inter-observer reliability. We
found mostly similar fat-suppression uniformity, artefacts,
lesion conspicuity, and diagnostic confidence with both
methods. The presence of bone edema was highly similar
on DixonT2w and STIR. The inter-observer reliability
was very good for presence, moderate for height, and
good for volume of MC-related high signal on DixonT2w.

Our findings support the clinical use of DixonT2w to
assess vertebral bone edema. They also suggest that these
1.5-T DixonT2w and STIR protocols may be used inter-
changeably to evaluate the presence and extent of
MC-related edema. It seems that no previous study has
compared the extent of vertebral high signal between
Dixon and STIR. In the present study, 94% of vertebral
high signal lesions had similar extent on DixonT2w and
STIR.

Table 2. Image quality of sagittal T2-weighted Dixon water

versus STIR images of the lumbar spine (n= 120) reported

independently by two radiologists and in conclusion.

Variable

Radiologist

A

Radiologist

B Conclusion*

Fat suppression

uniformity

Better on Dixon 5 (4) 0 4 (3)

Similar 115 (96) 120 116 (97)

Better on STIR 0 0 0

P value 0.06 NA 0.13

Non-uniform fat suppression reduces diagnostic

confidence

On Dixon 0 0 0

On STIR 0 0 0

Artefacts

Less on Dixon 0 2 (2) 0

Similar 109 (91) 115 (96) 116 (97)

Less on STIR 11 (9) 3 (2) 4 (3)

P value 0.001 0.81 0.13

Artefacts reduce diagnostic confidence

On Dixon 11 (9) 4 (4) 7 (6)

On STIR 5 (4) 2 (2) 3 (3)

Lesion conspicuity†

Better on Dixon 16 (14) 12 (11) 9 (8)

Similar 89 (80) 92 (86) 88 (82)

Better on STIR 7 (6) 3 (3) 10 (9)

P value 0.10 0.04 0.86

Values are given as n (%) unless otherwise indicated. P values are from the

one-sample signed rank sum test.

*The conclusive rating was based on agreement between both radiologists

or consensus with a third radiologist in cases of disagreement.
†Better on Dixon (or STIR) if more lesions have better conspicuity on

Dixon vs. STIR (or vice versa); reported only for patients with at least one

Modic change-related high-signal lesion at Th12-S1 according to radiologist

A (n= 112) or B (n= 107) or in conclusion (n= 107).

NA, not applicable due to few observations; STIR, short tau inversion

recovery.
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Our reliability results also support the use of DixonT2w.
The inter-observer reliability for high signal findings on
DixonT2w was comparable to the reliability achieved by

the more experienced observers for the same findings on
STIR in the same sample (22). The kappa on DixonT2w
versus STIR was 0.87 versus 0.86 for presence, 0.44

Fig. 2. Difference in fat suppression between DixonT2w and STIR. (a, b) A 31-year-old man with chronic low back pain. More uniform

suppression of subcutaneous fat on (a) DixonT2w compared to (b) STIR. DixonT2w, T2-weighted Dixon water images; STIR, short tau

inversion recovery.

Fig. 3. Differences in noise, SNR, and CNR between STIR and DixonT2w. Noise= the standard deviation of the signal intensity in air

outside the patient (in grayscale units). SNR= normal vertebral body intensity in grayscale units/noise. CNR= (maximum MC related

signal intensity in grayscale units – vertebral body intensity in grayscale units)/noise. CNR, contrast-to-noise ratio; DixonT2w,

T2-weighted Dixon water images; MC, Modic change; SNR, signal-to-noise ratio; STIR, short tau inversion recovery.
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versus 0.51 for height, and 0.63 versus 0.56 for volume of
high signal; the largest mean of differences±LoA was 0.03
± 7.3 vs 0.9± 7.6% points for maximum intensity of the
signal. The low kappa value for height may be due to
gradual tapering of the high signal, making height assess-
ments difficult. These results for reliability when rating
high signal lesions on DixonT2w and STIR need confirm-
ation in other studies.

Some minor differences between DixonT2w and STIR
need to be discussed. More uniform fat suppression on
DixonT2w in a few patients (n = 4/120) may be explained
by Dixon being less sensitive to local magnetic field hetero-
geneity (2). The fat suppression in the lumbar spine was
also regarded better on Dixon versus STIR in one small pre-
vious study (n= 13) (2). That study did not examine the

impact of the difference in fat suppression on diagnostic
confidence; we found no impact. Artefacts reduced diag-
nostic confidence in seven versus three patients on
DixonT2w versus STIR. These pulsation artefacts appeared
on several sequences. We do not consider them compelling
evidence against DixonT2w.

Fat-water swap is a common postprocessing artefact on
two-point Dixon images, reported in 17% of patients in a
prior study (27). It was more frequent in our study (41%),
but the swap always affected the whole image stack and
did not affect the diagnostic evaluation. Local fat-water
swaps can make the interpretation more difficult (28).
Multi-point Dixon methods provide more signal data for
improved postprocessing, which makes fat-water swap
less likely (1,28).

Fig. 4. Difference in lesion conspicuity and extent between DixonT2w and STIR. (a, b) A 38-year-old man with chronic low back pain.

(a) DixonT2w shows slightly better conspicuity and somewhat larger extent of high signal (arrows) than (b) STIR. DixonT2w,

T2-weighted Dixon water images; STIR, short tau inversion recovery.

Fig. 5. Inter-observer agreement for Modic change-related signal-increases on DixonT2w. Vertical lines show mean kappa for levels

L4–S1. Kappa is linearly weighted for height and volume. CI, confidence interval; DixonT2w, T2-weighted Dixon water images.
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Slightly more noise and lower CNR on DixonT2w
versus STIR did not imply poorer detection of high signal
lesions with DixonT2w. Rather, such lesions were some-
what more frequent or slightly larger on DixonT2w com-
pared to STIR, and each observer separately tended to
report better lesion conspicuity on DixonT2w (Table 2).
However, all lesions missed on STIR had low intensity
on DixonT2w (≤17% intensity increase), possibly reducing
their clinical relevance.

The acquisition time for Dixon was twice that for STIR
(3 min 48 s vs. 1 min 58 s) (Table 1). The MRI protocol
included a range of sequences, and each sequence (includ-
ing STIR) had been shortened to reduce the total scan time
while attempting to maintain good image quality. The
Dixon sequence provided fat only and in-phase images
that may correspond to T1W and non-fat suppressed T2W
images (29), compensating for the longer acquisition time.

The strengths of this study include a large sample and
standardized MRI scanning. The direct comparison of
images was likely to provide reliable evaluation of differ-
ences (30).

The present study has some limitations. These include
the fact that only MC edema was studied. However, a
wide range of edema findings was covered, and the
results may be relevant also when assessing edema due to
infection, malignancy, or fracture. Our noise measurements
were affected by the large field of view filters and multi-
channel reconstruction applied (we used a phased array
coil) (Table 1) (24). We could have used better methods
for measuring noise based on repeated acquisitions of the
same sequence (24) but this was not feasible. Further, we
only looked at two-point Dixon on 1.5-T MRI. The
results may not apply to other water-fat separation
methods or 3-T MRI. We did not examine the complete
Dixon sequence (2, 29, 31), which may have potential to
replace T1W images and STIR (25). Findings from 3-T
MRI suggest that a Dixon sequence alone may be adequate
for detecting vertebral bone metastases (25,32) and asses-
sing degenerative spine conditions (29,33).

In conclusion, we found no important differences in fat
suppression uniformity, lesion conspicuity, diagnostic con-
fidence, or high signal detection rate between DixonT2w
and STIR. Both methods provided similar visualization of
MC-related vertebral bone edema.
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Appendix
Dixon T2 imaging of vertebral bone edema: reliability and
comparison with short tau inversion recovery

Table A2. Presence and extent of Modic change-related signal-increases on DixonT2w reported independently by two radiologists and

in conclusion.

Variable Radiologist A Radiologist B Conclusion*

Signal increase present on DixonT2w

L4/L5 superior to disc 46/120 (38) 43/120 (36) 45/120 (38)

L4/L5 inferior to disc 42/120 (35) 43/120 (36) 44/120 (37)

L5/S1 superior to disc 70/120 (58) 70/120 (58) 71/120 (59)

L5/S1 inferior to disc 70/120 (58) 65/120 (54) 67/120 (56)

Extent of high signal on DixonT2w vs. STIR

L4/L5 superior to disc

Larger on Dixon 6/46 (13) 4/43 (9) 3/45 (7)

Similar 39/46 (85) 39/43 (91) 42/45 (93)

Larger on STIR 1/46 (2) 0 0

L4/L5 inferior to disc

Larger on Dixon 1/42 (2) 3/43 (7) 1/44 (2)

(continued)

Table A1. Inclusion and exclusion criteria for the trial.

Inclusion criteria Exclusion criteria

• Age 18–65 years

• LBP of >6 months in duration in the area below the 12th rib and

above the gluteal folds with a NRS pain intensity score of ≥5
(mean of three 0–10 NRSs: current LBP, the worst LBP within

the last 2 weeks, and the usual/ mean LBP within the last 2

weeks)

• MRI-confirmed lumbar disc herniation within the preceding 2

years

• Type 1 and/or type 2 MC in the vertebral body marrow at the

same level as the previously herniated disc. For patients with

previous surgery for disc herniation, the MC has to be located at

an operated level

• Written informed consent

• Allergy to penicillin or cephalosporin

• Allergy/hypersensitivity to any of the excipients of the study drug

• Current pregnancy or lactation

• Kidney (creatinine) or hepatic (ALAT/ASAT) laboratory values

above the normal range

• Phenylketonuria (Følling’s disease)
• Mononucleosis or leukemia

• Any specific diagnosis that may explain the patient’s low back

symptoms (e.g. tumor, fracture, spondyloarthritis, infection,

spinal stenosis)

• Previous low back surgery (L1–S1) for reasons other than disc

herniation (e.g. fusion, decompression, disc prosthesis)

• Surgery for disc herniation within the last 12 months

• Previous surgery for disc herniation, but MC located at level(s)

that has/have not been operated on only

• Reservation about the intake of gelatin (the capsules used to

encapsulate the study medicine contains gelatin, which, among

other things, is produced using ingredients derived from pigs)

• Regular use of glucocorticoids

• Regular use of opioids with the exception of codeine and

tramadol

• Not understanding Norwegian language

• Unlikely to adhere to treatment and/or complete follow-up (e.g.

serious ongoing psychiatric disease, drug abuse, plans to move)

• Antibiotic treatment within the preceding 1 month before

treatment start

• Contraindications to MRI (e.g. cardiac pacemaker electrodes,

metal implant in the eye or brain, claustrophobia)

• Unwilling to participate

LBP, low back pain; MC, Modic change; MRI, magnetic resonance imaging; NRS, Numerical Rating Scale.
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Table A3. Height, volume, and intensity of Modic change-related signal-increases on DixonT2w reported independently by two

radiologists.

Variable Radiologist A Radiologist B

Height of high signal region in % of vertebral body height

L4/L5 superior to disc 49 (17–91) 52 (12–86)

L4/L5 inferior to disc 43 (10–100) 46 (13–86)

L5/S1 superior to disc 49 (15–100) 51 (12–89)

L5/S1 inferior to disc 33 (19–69) 36 (7–66)

Volume of high signal in % of vertebral body volume

L4/L5 superior to disc

<10% 23/46 (50) 15/43 (35)

<25% 17/46 (37) 16/43 (37)

25–50% 5/46 (11) 11/43 (26)

>50% 1/46 (2) 1/43 (2)

L4/L5 inferior to disc

<10% 24/42 (57) 26/43 (61)

<25% 14/42 (33) 7/43 (16)

25–50% 3/42 (7) 10/43 (23)

>50% 1/42 (2) 0/43 (0)

L5/S1 superior to disc

<10% 35/70 (50) 31/70 (44)

<25% 26/70 (37) 23/70 (33)

25–50% 9/70 (13) 16/70 (23)

>50% 0/70 (0) 0/70 (0)

L5/S1 inferior to disc

<10% 50/70 (71) 44/65 (68)

<25% 19/70 (27) 14/65 (21)

25–50% 1/70 (1) 7/65 (11)

>50% 0/70 (0) 0/65 (0)

Maximum % signal increase (0%, vertebral body; 100%, CSF)

L4/L5 superior to disc 26 (6–48) 27 (3–51)

L4/L5 inferior to disc 28 (7–60) 28 (6–58)

L5/S1 superior to disc 24 (7–59) 24 (5–57)

L5/S1 inferior to disc 23 (6–67) 23 (7–67)

Values are given as n (%) or mean (range).

CSF, cerebrospinal fluid; DixonT2w, T2-weighted Dixon water images.

Table A2. (continued)

Variable Radiologist A Radiologist B Conclusion*

Similar 40/42 (95) 40/43 (93) 42/44 (96)

Larger on STIR 1/42 (2) 0 1/44 (2)

L5/S1 superior to disc

Larger on Dixon 10/70 (14)† 4/70 (6) 4/71 (6)

Similar 58/70 (83) 66/70 (94) 67/71 (94)

Larger on STIR 2/70 (3) 0 0

L5/S1 inferior to disc

Larger on Dixon 6/70 (8) 2/65 (3) 3/68 (4)

Similar 62/70 (89) 63/65 (97) 64/68 (94)

Larger on STIR 2/70 (3) 0 1/68 (2)

Values are given as n (%).

*The conclusive rating was based on agreement between both radiologists or consensus with a third radiologist in cases of disagreement.
†P= 0.04 for difference in extent (one-sample signed rank sum test).

DixonT2w, T2-weighted Dixon water images; STIR, short tau inversion recovery.
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