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Abstract
Background and Aim: Myosteatosis is a prognostic factor in cancer and liver cirrhosis. It
can be determined noninvasively using computed tomography or, as shown recently, by
magnetic resonance (MR) imaging. The primary aim was to analyze the reproducibility
of skeletal muscle signal intensity on routine MR-enterographies, as indicator of
myosteatosis, in Crohn’s disease (CD) and to explore the association between skeletal mus-
cle signal intensity at diagnosis with time to intestinal resection.
Methods: CD patients undergoing MR-enterography within 6 months from diagnosis and
having a maximum of 5 years follow-up were included. Skeletal muscle signal intensity
was analyzed on T1-weighted fat-saturated post-contrast images. Intra-observer and
inter-observer reproducibilities were assessed by intra-class correlation coefficient and
Cohen’s kappa. Intra-observer and inter-observer variabilities were determined by Pearson
correlation coefficient and displayed by Bland–Altman plots. Time to intestinal resection
was studied by Kaplan–Meier analysis.
Results:Median time between diagnosis and MR-enterography was 5 weeks (inter-quartile
range 1–9) in 35 CD patients. Skeletal muscle signal intensity showed good intra-class cor-
relation and substantial agreement (for intra-observer, intraclass correlation coeffi-
cient = 0.948, κ = 0.677; and inter-observer reproducibility, intraclass correlation
coefficient = 0.858, κ = 0.622). Resection free survival was shorter in the low skeletal mus-
cle signal intensity group (P = 0.037).
Conclusion: Skeletal muscle signal intensity on routine MR-enterographies is reproducible
and was associated with unfavorable disease outcome, indicating potential clinical rele-
vance.

Introduction

Inflammatory bowel disease (IBD) is a chronic, relapsing–
remitting disease of the gastrointestinal tract, with Crohn’s disease
(CD) and ulcerative colitis as main subtypes. Fatigue is a common
symptom reported among IBD patients, not only during flares but
also in periods of quiescent disease with 40% of IBD patients still
reporting fatigue.1,2 Because of fatigue, IBD patients are less phys-
ically active.3 Immobility as well as chronic inflammation, malnu-
trition, and corticosteroid use, also present in IBD patients, have
been described as risk factors for both loss of muscle mass and
strength, that is, sarcopenia.4

A cross-sectional study reported that 12% of the CD patients
have sarcopenia.4 Muscle strength can be affected because of fatty
infiltration of the muscle, that is, myosteatosis.5 Myosteatosis is
associated with poor survival in patients with cancer as well as
liver cirrhosis.6–9 In CD, myosteatosis is associated with a more

complicated disease phenotype and in IBD patients undergoing a
surgical resection with longer hospital stay and readmission within
30 days.10,11 The effect of myosteatosis on disease outcome pa-
rameters over time in CD patients has not been extensively stud-
ied. Although CD patients are at risk to develop myosteatosis
based on risk factors described in other populations like glucocor-
ticoid treatment, immobility, and systemic inflammation
response.6,12,13

A non-invasive quantitative assessment of muscles can be per-
formed with computed tomography (CT) by measuring skeletal
muscle radiation attenuation, a parameter related to muscle fat
content,14 on a single slice at the third lumbar vertebra (L3).15 Re-
cently, a study reported a new non-invasive method for the assess-
ment of myosteatosis by the determination of skeletal muscle
signal intensity on magnetic resonance (MR) imaging in
periampullary cancer.16 The signal intensity of the dorsal muscle
group was normalized against the signal intensity of the
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cerebrospinal fluid at a single slice at L3 on T2-weighted
images.16 In this study, MR skeletal muscle signal intensity was
found to correlate with CT-derived muscle radiation attenuation
in patients with periampullary cancer (r = �0.614, P < 0.001).
MR enterography is performed to determine disease extension,

activity, and/or complications in routine clinical practice as part
of the work-up for CD patients, without radiation exposure.
Predicting patients at risk for unfavorable outcome at diagnosis,
or at recurrence after surgery, is increasingly important given the
availability of novel drugs and treatment strategies.
The primary aim of the present study was to analyze the repro-

ducibility for assessing skeletal muscle signal intensity in patients
with CD, on MR-enterographies performed as part of routine clin-
ical care. Our secondary aim was to explore the association of
skeletal muscle signal intensity at time of diagnosis with time to
intestinal resection, as proxy for unfavorable outcome, in these
patients.

Methods

Study population. The Inflammatory Bowel Disease South
Limburg (IBDSL) cohort is a Dutch population-based inception
cohort that has been used to study IBD epidemiology and disease
course since 1991. All IBD patients over 18 years of age at diag-
nosis were included and followed prospectively.17 Data on demo-
graphics, phenotype (according to the Montreal classification18),
and surgery were retrieved from medical records, using standard-
ized registration forms. Disease localization was determined by
ileocolonoscopy and MR-enterography. IBDSL cohort has
been approved by the Ethics Committee of the Maastricht
University Medical Centre+ (NL31636.068.10), is registered in
ClinicalTrials.gov (NCT02130349), and meets the ethical standard
of the revised Declaration of Helsinki.19

Thirty-five CD patients, participating in the IBDSL cohort with
the availability of good quality fat-saturated post-contrast
T1-weighted MR-enterography images within 6 months from di-
agnosis as part of the routine work-up for CD, were used for the
present study. The patients had a maximum clinical follow-up pe-
riod of 5 years.

Imaging. MR-enterography scans (Philips Medical Systems
Intera, 1.5 Tesla, Best, The Netherlands) with fat-saturated post-
contrast T1-weighted images were used. Slice thickness was either
4 or 5 mm. The injected contrast was gadolinium based, and the
amount administered was weight based. Two researchers, one
from the department of radiology and nuclear medicine and one
from the gastroenterology department, evaluated the MR images.
Both researchers were trained in radiologic anatomy and body
composition analysis (TL and CS). All MR images were evaluated
once by one observer (TL) and twice by the other observer (CS),
the analyses were performed independently of each other. The ob-
servers were blinded for each other’s results and the patient’s
outcome.
At first, each observer determined the L3 level because muscle

volume at this level is representative for total body skeletal muscle
mass.20,21 The L3 slice with best visualization of both transverse
processes was chosen. Subsequently, the muscle area was defined
using sliceOmatic V5.0 software (Tomovision, Canada).
Only dorsal muscles were used for analysis because of quality

issues of the ventral portion of the MR images, for example, to ar-
tifacts by movement of the abdominal wall or air in the intestine.
The dorsal muscles were defined as the muscles dorsal to a virtual
horizontal line through the most ventral tip of the L3 vertebra
(Fig. 1).

Magnetic resonance skeletal muscle signal inten-
sity. The area and signal intensity of the dorsal muscles were de-
termined (Fig. 1). The mean signal intensity of the dorsal muscles
was normalized against the mean signal intensity of the cerebro-
spinal fluid. A standardized square of 9 pixels with the lowest sig-
nal intensity inside the cervical canal was marked, and the mean
signal intensity of this square was used to estimate the cerebrospi-
nal fluid signal intensity. The normalization of the skeletal muscle
signal intensity against cerebrospinal fluid was performed because
signal intensity in MR imaging is scaled per acquired sequence.16

MRs were derived following a standardized MR-enterography
protocol for fat suppression post-contrast settings on
T1-weighted images.22 This means that fatty tissue on
T1-weighted MR-enterography images has a low signal intensity.

Figure 1 Skeletal muscle signal intensity on magnetic resonance (MR)-enterography. MR-enterography images showing the region of interest of dor-
sal muscles (white) and cerebrospinal fluid (white) at the third lumbar vertebra (L3); (a) and (b) show, respectively, the original and marked MR images.

CEGM Spooren et al. Skeletal muscle signal intensity on MRI in CD

1903Journal of Gastroenterology and Hepatology 35 (2020) 1902–1908

© 2020 The Authors. Journal of Gastroenterology and Hepatology published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd



Statistical analysis. Baseline characteristics are presented
as medians with corresponding inter-quartile ranges (IQRs) for nu-
merical variables and as number of patients with corresponding
percentages for categorical ones. For comparison between groups,
Mann–Whitney U tests and Fisher’s exact tests were used for, re-
spectively, numerical and categorical variables.
For the determination of low MR skeletal muscle signal inten-

sity, pointing to muscle fat content, sex-specific cut-off points
were set at the lowest 20th percentile. The intra-reproducibility
and inter-reproducibility were assessed by determination of the
intra-class correlation coefficient (ICC) (two-way mixed and abso-
lute agreement) and Cohen’s kappa (κ). In addition, the
intra-observer and inter-observer variabilities of the skeletal mus-
cle signal intensity were assessed using the Pearson correlation co-
efficient (r) and displayed by Bland–Altman plots. For the
inter-observer analyses, the first measurements of observer one
(CS) were used.
An additional analysis was performed to determine whether re-

gion of interest (ROI) also showed agreement. On MR, there are
several slices at L3. When the identical slice at L3 in the same pa-
tient was chosen by both observers, the overlap (in %) between
ROI was calculated. Therefore, all overlapping colored pixels of
the dorsal muscles were divided by the total number of pixels col-
ored by both observers (Fig. 2). To determine the corresponding
ROI of the cerebrospinal fluid, all overlapping colored pixels were
divided by the total number of pixels colored by both observers.
To explore the relevance of skeletal muscle signal intensity in

relation to disease outcome in CD, the association between skeletal
muscle signal intensity and time to intestinal resection was
assessed by a Kaplan–Meier analysis. The average value of the
two observers on skeletal muscle signal intensity was used for
the analysis. Furthermore, the association between time to intesti-
nal resection and disease behavior, localization, age at diagnosis,
all according to the Montreal classification,18 and increased CRP
(≥ 10 mg/L) was analyzed.
Statistical analysis was performed using IBM SPSS statistics for

Windows, Version 25 (IBM, Armonk, NY). A two-sided P
value ≤ 0.05 was considered significant. For the ROI agreement
determination, MATLAB Release 2018a (MathWorks, Inc., Na-
tick, MA) was used.

Results

Patient cohort. For this study, T1 fat-saturated post-contrast
MR images at time of diagnosis of 35 CD patients were included.

Baseline characteristics are presented in Table 1. Of the 35 pa-
tients, 42.9% were men, median age at diagnosis is 37 years
(IQR 26–43), and median time between diagnosis and MR is
5 weeks (IQR 1–9). For all patients, 5-year follow-up data were
available except for two, of which one was lost to follow-up for
personal reasons. These two had a follow-up between 2.8 and
4.5 years. During the 5-year follow-up, the disease behavior of
three patients changed from non-stricturing non-penetrating into
stricturing, and the disease localization of one other patient from
ileal into ileocolonic.

Reproducibility of image analysis. For the
intra-observer reproducibility, the ICC was 0.948 (95% confidence
interval [CI] 0.899–0.973) and intra-observer agreement κ = 0.677
(95% CI 0.328–1). The intra-observer variability for skeletal mus-
cle signal intensity was r = 0.947 (Fig. 3a,b, including Bland–
Altman plot).
For the inter-observer reproducibility, the ICC was 0.858 (95%

CI 0.627–0.938) and inter-observer agreement κ = 0.622 (95%
CI 0.338–0.906) and an inter-observer variability of r = 0.897
(Fig. 3c,d, including Bland–Altman plot).
In 13 patients, the same slice at L3 was chosen by both ob-

servers. For these 13 MR images, the ICC was 0.969 (95% CI
0.881–0.985) and inter-observer agreement was κ = 0.755 (95%
CI 0.308–1), with r = 0.984 for the intra-observer variability
(Fig. 3e,f, including Bland–Altman plot).
The percentage of the overlapping ROI of the dorsal muscles

was between 81.9% and 92.1% (Fig. 2). The overlap between
the ROIs of the cerebrospinal fluid was overlapping for 100% in
three patients, 50% in nine patients, and 20% in one patient.

Resection free survival. In total, 6 of the 35 patients were
classified as having a low skeletal muscle signal intensity, with
sex-specific cut-off points below 2.27 and 2.42 for male (n = 2)
and female (n = 4) patients, respectively. There were no significant
differences in baseline characteristics between the low versus high
skeletal muscle signal intensity groups. One of the four patients
with change in disease phenotype had a low skeletal muscle signal
intensity.
In the Kaplan–Meier analysis, patients with a low skeletal mus-

cle signal intensity had a shorter intestinal resection free period
(P = 0.037) compared with a high skeletal muscle signal intensity
(Fig. 4). The median intestinal resection free survival time in the
low skeletal muscle signal intensity was 4.3 years (IQR 1.7–5.0)

Figure 2 Region of interest. White region: pixels
colored by both observers. Gray region: pixels col-
ored by one of the two observers.
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Table 1 Baseline characteristics

CD patients (n = 35) High SMSI (n = 29) Low SMSI (n = 6) P value

Male, n (%) 15 (42.9%) 13 (44.8%) 2 (33.3%) 0.680
Montreal at diagnosis†

Age
A2, 17–40 years, n (%) 20 (57.1%) 17 (58.6%) 3 (50.0%) 1.000
A3, > 40 years, n (%) 15 (42.9%) 12 (41.4%) 3 (50.0%) 1.000

Disease location
L1, ileal, n (%) 15 (42.9%) 13 (44.8%) 2 (33.3%) 0.680
L2, colonic, n (%) 11 (31.4%) 9 (31.0%) 2 (33.3%) 1.000
L3, ileocolonic, n (%) 9 (25.7%) 7 (24.1%) 2 (33.3%) 0.635
L4, upper GI only, n (%) 0 (0%) 0 (0%) 0 (0%)

Disease behavior
B1, non-stricturing non-penetrating, n (%) 23 (65.7%) 20 (69.0%) 3 (50%) 0.391
B2, stricturing, n (%) 10 (28.6%) 8 (27.6%) 2 (33.3%) 1.000
B3, penetrating, n (%) 2 (5.7%) 1 (3.4%) 1 (16.7%) 0.318
Perianal disease at diagnosis, n (%) 4 (11.4%) 4 (13.8%) 0 (0.0%) 1.000
Upper GI location at diagnosis, n (%) 1 (2.9%) 1 (3.4%) 0 (0.0%) 1.000

Time between diagnosis and MR-enterography in weeks (median, IQR) 5.0 (1.0–9.0) 5.0 (1.0–8.5) 5.0 (2.0–16.0) 0.404
Skeletal muscle signal intensity (median, IQR) 2.7 (2.4–3.1) 2.7 (2.6–3.2) 2.1 (1.6–2.3)

CD, Crohn’s disease; GI, gastrointestinal; IQR, inter-quartile range; MR, magnetic resonance; SMSI, skeletal muscle signal intensity; n, number of
patients.

†classification according to Montreal Classification.18.

Figure 3 Intra-observer and inter-observer variability skeletal muscle signal intensity. Panels (a), (c), and (e): Pearson correlation coefficient of skeletal
muscle signal intensity for, respectively, both measurements by one observer, r = 0.947, y = 0.941x + 0.156; both observers r = 0.897,
y = 0.985x + 0.239; and similar slices at L3 (n = 13) of both observers r = 0.984, y = 1.141x � 0.300. Panels (b), (d), and (f): Bland–Altman plot for dif-
ference and mean of skeletal muscle signal intensity for both measurements by one observer (b), mean difference displayed by solid black line (�0.01),
with limits of agreement by the dashed lines (�0.46 and 0.44); by both observers (d), mean difference displayed by the solid black line (0.20), with limits
of agreement by the dashed lines (�0.41 and 0.80), and of the similar slices at L3 (n = 13) (f) by both observers, mean difference displayed by the solid
black line (0.10), with limits of agreement by the dashed lines (�0.30 and 0.50).
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and in the high skeletal muscle signal intensity 5.0 years (IQR
5.0–5.0; range 0.5–5 years).
When only the patients with a minimum follow-up of 4 years

were taken into account (n = 34), similar results on a shorter intes-
tinal resection free period in patients with a low skeletal muscle
signal intensity were found (P = 0.011).
In the study population, patients with non-stricturing non-

penetrating disease phenotype (n = 23) had a longer intestinal re-
section free period (P = 0.014) compared with those with
stricturing or penetrating (n = 12) disease phenotype. Furthermore,
patients who were younger at diagnosis (age 17–40 years; n = 20)
had a longer intestinal resection free period compared with a
higher age at diagnosis (age > 40 years; n = 15), although not sig-
nificant (P = 0.082). No significant differences were seen on intes-
tinal resection free period and disease localization at diagnosis
(colonic vs ileal or ileocolonic) or increased CRP.

Discussion
The present study shows that the assessment of skeletal muscle
signal intensity on routine MR-enterographies is a reproducible
method. Furthermore, as explorative analyses, we found this to
have potential clinical relevance as it was associated with unfavor-
able disease outcome in CD.
To our knowledge, the used method on skeletal muscle signal

intensity, as a parameter for myosteatosis, was described only
once in patients with periampullary cancer.16 The use of
MR-enterographies to interpret muscle fat content is of special in-
terest because MR-enterographies are used in the routine clinical
practice in CD patients to assess disease extension and complica-
tions. In contrast to CT, MR-enterographies do not expose (often
young) patients to (repeated) radiation exposure. We found a
good reproducibility based on an excellent intra-observer ICC
and good inter-observer ICC as well as a substantial
intra-observer and inter-observer agreement.23,24 The
inter-observer variability was good, although selecting a different
slice at L3 for the analyses may have influenced the
inter-observer variability. The Bland–Altman plot indicates small
systemic difference between the two observers (Fig. 3d). This is

probably because of selecting a different level at L3 because
the mean difference is smaller when the results of only the similar
slices are displayed (Fig. 3f). The inter-observer variability was
similar to the study of van Dijk et al.16 when the skeletal muscle
signal intensity was determined for the subjects of which the
same slice on MR was chosen by both observers, with an excel-
lent ICC.23 The results of the present study indicate that the out-
come parameter (low vs high skeletal muscle signal intensity) is
not affected by the substantial inter-observer agreement when
both observers determined the L3 slice independently.24 Because
the outcome parameter is not affected by the level of L3 slice, it
can be considered to use the described technique in both research
and eventual clinical settings.
MRs that are conducted following an enterography protocol, as

is common practice in CD, do not include plane T2-weighted im-
ages. Therefore, the T1-weighted fat-saturated post-contrast MR
images from the standard MR-enterography protocol were used
for the analysis in the present study.22 The administered amount
of the gadolinium-based contrast was weight dependent and be-
cause skeletal muscle signal intensity of back muscles is relative
stable during different contrast phases, the post-contrast phase of
the T1-weighted images will not influence our results on skeletal
muscle signal intensity.25 The border of cerebrospinal fluid is
harder to visualize on T1-weighted images compared to
T2-weigthed images; therefore, the cerebrospinal fluid was
demarked by a standardized square of nine pixels. To normalize
the skeletal muscle signal intensity, the cerebrospinal fluid signal
intensity was chosen because it is available at L3, the signal inten-
sity is similar to water, and the signal intensity of cerebrospinal
fluid is assumed to be very similar and stable between different
individuals.16

Predicting an unfavorable outcome at diagnosis or a high risk
for recurrence after surgery is of importance to select the appro-
priate treatment algorithm (e.g. accelerated step-up or top-down
therapy, biological treatment to prevent post-operative recur-
rence) in CD. The currently available biomarkers do not suffi-
ciently predict disease outcome.26 Further insights in factors
affecting disease outcome are therefore warranted. In cancer
and liver cirrhosis patients, myosteatosis is found to be a

Figure 4 Kaplan–Meier analysis on intestinal re-
section free survival. Kaplan–Meier analysis on in-
testinal resection free survival time and high
versus low skeletal muscle signal intensity.
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prognostic factor.6–9 The results of our explorative analyses
showed a significantly shorter intestinal resection free period in
the low skeletal muscle signal intensity group, pointing to in-
creased muscle fat content.
In this study population, patients with a severe disease behavior

at diagnosis also had a shorter intestinal resection free period. This
finding is in line with the results of risk factors for surgery in a
population-based CD cohort.27 However, we could not confirm
an effect of disease localization and age at diagnosis on intestinal
resection free survival,28 which might be because of the small
numbers of patients.
The results of myosteatosis on resection free survival illustrate

the potential clinical relevance. This needs to be confirmed in fu-
ture, larger studies and compared or combined with other predictor
parameters, such as disease behavior.
In the current study, we used intestinal resection as proxy for un-

favorable disease outcome, which could reliably be retrieved from
the retrospective data set. In the future, it is relevant to add other
disease outcome parameters, such as flares, change of disease phe-
notype, hospitalizations, and post-operative complications and
outcomes. These parameters are of interest because CT muscle at-
tenuation radiation, as a parameter related to muscle fat content,
has previously been reported to negatively affect duration of hos-
pitalization and readmission rate after intestinal resection in IBD
patients11 and to be associated with a complicated disease pheno-
type in CD.10 Because of the small number of patients in the pres-
ent methodological study, we could not confirm the latter results.
The strength of the present study is the combination of the as-

sessment of reproducibility of skeletal muscle signal intensity
and the possibility to link the data to the long-term follow-up data
of the IBDSL cohort. The association found between low skeletal
muscle signal intensity and time to surgical intervention points to
the potential of skeletal muscle signal intensity for future research
as well as its clinical relevance. It should be noted that the number
of patients for this exploratory part of the study was rather small.
Because of the fat-saturated post-contrast T1 images, it was not
possible to reliably determine the visceral fat mass, which is a lim-
itation of the present technique. In future studies with larger pa-
tient groups, it would be interesting to also measure other
parameters of body composition like visceral and subcutaneous
fat because these parameters are also reported to correlate with ad-
verse outcomes and complicated disease phenotype in CD on
CT.10,29 There are several limitations of the present study. First,
although MR-enterographies in routine clinical care are performed
using standardized scanning protocols, the included
MR-enterographies for the present study were conducted (in part)
by three different MR scanners, all being Philips Intera. Possible
relative small differences in scan setting over time (slice thickness
4 or 5 mm, duration in scanning time of the fat-saturated post-
contrast T1-weighted transverse slice) may have influenced the
measurements. The skeletal muscle signal intensity was normal-
ized against the signal intensity of the cerebrospinal fluid to make
comparison between patients and different scanner settings possi-
ble. Second, as described previously, we had to make some adjust-
ments to the assessment protocol as was described by van Dijk et
al.16 because the standardized MR-enterography protocol does not
contain plane T2-weighted images. Furthermore, for skeletal mus-
cle signal intensity, sex-specific cut-off points have not yet been
determined. The reported prevalence in CD of sarcopenia,

comprising muscle mass and muscle strength, ranges between
12% and 41.6%.4,30 In the present study, the sex-specific cut-off,
to identify patients with low skeletal muscle signal intensity, was
set at the lowest 20% for this study.
In conclusion, we found that assessment of skeletal muscle sig-

nal intensity on routine MR-enterographies at diagnosis can be
used with substantial to good reproducibility in CD patients and
has the potential to predict unfavorable disease outcome. This rel-
atively fast and simple image analysis is of relevance because
MR-enterography is available in routine clinical practice in CD pa-
tients and does not contain radiation exposure.
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