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Feasibility of Intestinal MR Elastography
in Inflammatory Bowel Disease

Rolf Reiter, MD,1,2* Florian N. Loch, MD,3 Carsten Kamphues, MD,3 Christian Bayerl, MD,1
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Background: While MR enterography allows detection of inflammatory bowel disease (IBD), the findings continue to be of
limited use in guiding treatment—medication vs. surgery.
Purpose: To test the feasibility of MR elastography of the gut in healthy volunteers and IBD patients.
Study Type: Prospective pilot.
Population: Forty subjects (healthy volunteers: n = 20, 37 � 14 years, 10 women; IBD patients: n = 20 (ulcerative colitis
n = 9, Crohn’s disease n = 11), 41 � 15 years, 11 women).
Field Strength/Sequence: Multifrequency MR elastography using a single-shot spin-echo echo planar imaging sequence
at 1.5 T with drive frequencies of 40, 50, 60, and 70 Hz.
Assessment: Maps of shear-wave speed (SWS, in m/s) and loss angle (φ, in rad), representing stiffness and solid–fluid
behavior, respectively, were generated using tomoelastography data processing. Histopathological analysis of surgical
specimens was used as reference standard in patients.
Statistical Tests: Unpaired t-test, one-way analysis of variance followed by Tukey post hoc analysis, Pearson’s correlation
coefficient and area under the receiver operating characteristic curve (AUC) with 95%-confidence interval (CI). Significance
level of 5%.
Results: MR elastography was feasible in all 40 subjects (100% technical success rate). SWS and φ were significantly
increased in IBD by 21% and 20% (IBD: 1.45 � 0.14 m/s and 0.78 � 0.12 rad; healthy volunteers: 1.20 � 0.14 m/s and
0.65 � 0.06 rad), whereas no significant differences were found between ulcerative colitis and Crohn’s disease (P = 0.74
and 0.90, respectively). In a preliminary assessment, a high diagnostic accuracy in detecting IBD was suggested by an AUC
of 0.90 (CI: 0.81–0.96) for SWS and 0.84 (CI: 0.71–0.95) for φ.
Data Conclusion: In this pilot study, our results demonstrated the feasibility of MR elastography of the gut and showed an
excellent diagnostic performance in predicting IBD.
Evidence Level: 1
Technical Efficacy: Stage 1

J. MAGN. RESON. IMAGING 2022;55:815–822.

Despite the success of standard clinical MR enterography
in detecting inflammatory bowel disease (IBD), its role

in providing therapeutic guidance remains limited.1–3 While
fibrotic bowel strictures require surgery or endoscopic

intervention, patients with inflammatory bowel strictures may
benefit from anti-inflammatory drug treatment.1 Therefore,
characterization of stricturing lesions is crucial for therapeutic
decision-making and monitoring the treatment response over
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time. In current MRI protocols, detection of active inflamma-
tion is mainly based on a qualitative interpretation of
T2-weighted fat-saturated images with high signal intensities
indicating edema, whereas no reliable imaging marker of fibro-
sis has been established.1 So far, noninvasive imaging tests lack
accuracy to guide clinical decisions.1,2 Endoscopy with histo-
pathological assessment of biopsies remains the diagnostic refer-
ence standard.1,2 Yet endoscopy also has several limitations,
including reliance on a superficial inspection of the mucosa,
lack of depth of biopsies and sampling errors due to a heteroge-
neous distribution of inflammation in Crohn’s disease.4 The
lack of an accurate noninvasive diagnostic test restricts patient
management, therapy monitoring and stratification in clinical
trials. Noninvasive surrogate markers are warranted to replace
invasive diagnostic procedures.5–7

MR elastography is a noninvasive quantitative imaging
method to assess viscoelastic tissue properties.8–12 One of its
main applications so far has been the assessment of hepatic
fibrosis13–16 and, more recently, hepatic inflammation.17–19

Moreover, technical advances have improved the spatial reso-
lution and noise robustness of elastograms, allowing the
examination of smaller organs such as the prostate10,20 and
pancreas.21,22

For the investigation of IBD, a few ultrasound-based
elastography studies have been performed in animal models

and humans.23–25 Thus, the aim of this study was to investi-
gate the feasibility of MR elastography of the gut in healthy
volunteers and IBD patients using histopathological analysis
of surgical specimens as reference standard.

Materials and Methods
Subjects
The study was approved by the local institutional review board, and
all subjects gave informed oral and written consent. Between July
2019 and December 2020, a total of 40 subjects were investigated
in this prospective single-center study, including 20 healthy volun-
teers and 20 patients with IBD (ulcerative colitis n = 9, Crohn’s dis-
ease n = 11). Inclusion criteria for patients were clinically
established diagnosis of either ulcerative colitis or Crohn’s disease
with scheduled and clinically indicated surgery and age ≥ 18 years.
The diagnosis of ulcerative colitis or Crohn’s disease was reported
using the Montreal classification and confirmed using histopatholog-
ical analysis of surgical specimens as reference standard.26 Exclusion
criteria were other concurrent bowel diseases, fecal impaction,
increased peristalsis, and general MRI contraindications.

MR Elastography
Multifrequency MR elastography with tomoelastography processing
was performed at 1.5 T (Magnetom Aera, Siemens Healthineers,
Erlangen, Germany) with an 18-channel phased-array coil in combi-
nation with the spine-array coil. Mechanical frequencies of 40, 50,

FIGURE 1: MR elastography setup. (a) Schematic overview: two drivers in anterior and two drivers in posterior position. (b) Overview
of components: drivers with hoses (1), belt with pockets for driver positioning (2), sand-filled cushion (3), MRI phased-array coil (4).
(c) and (d) show the setup at the lower abdomen in a volunteer.
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60, and 70 Hz were generated using four drivers with compressed-
air hoses and bulge outlets. These drivers were placed around the
lower abdomen with two drivers in anterior and two drivers in poste-
rior position (Fig. 1). Additionally, a sand-filled cushion was placed
above the anterior driver for optimal wave transmission to the gut.
More details about the MR elastography setup and hardware can be
found in the studies by Shahryari et al12 and Hudert et al.27 The
3D wave fields were acquired using a single-shot spin-echo echo pla-
nar imaging sequence,28 and imaging was performed for a total of
5:17 min with patients breathing freely.29 MR elastography scan
parameters were as follows: 25 axial slices, 8 time steps, 100 � 66
matrix, 3 � 3 � 5 mm3 resolution, repetition time of 3070 msec,
and echo time of 50 msec. Additionally, a conventional axial and
coronal T2-weighted half-Fourier acquisition single-shot turbo spin-
echo sequence was acquired to plan elastograms and to ensure the
inclusion of IBD lesions. To facilitate comparison of patients and
healthy volunteers in this explorative study and for ethical reasons,
imaging was performed without active colonic distension with water
enema and without administration of oral and intravenous contrast
agent or antispasmodic medication.

For preliminary assessment of the reproducibility of gut MR
elastography, the entire protocol was repeated five times separated by
an hour in one healthy volunteer. The volunteer left and re-entered
the scanner room, and the equipment was set up anew for each
examination.

Data Processing
The multifrequency processing pipeline provides maps of shear-wave
speed (SWS in m/s) as a surrogate of stiffness30 and loss angle of the
complex modulus (φ in rad) as a surrogate of solid–fluid behav-
ior.31,32 Combination of these two viscoelastic parameters has been
previously proposed for the investigation of the liver,12 kidney,33

and prostate.10 φ ranges from 0 rad for pure solids to π/2 rad for
pure fluids and is based on multifrequency dual elasto-visco

(MDEV) inversion,9–12 whereas SWS is based on k-MDEV inver-
sion.8 The algorithm is publicly available at https://bioqicapps.
charite.de. An experiment was considered to be technically successful
when intestine was visually perceptible on SWS maps. Volumes of
interest were manually drawn by a radiologist (R.R., 10 years of
experience in abdominal MR elastography) based on SWS maps.

Statistical Methods
Continuous variables and group values are reported as means and
standard deviation. Groups were compared using an unpaired t-test
and one-way analysis of variance followed by Tukey post hoc analy-
sis. Pearson’s correlation coefficient (R) was calculated for MR
elastography parameters in relation to age and body mass index. Area
under the receiver operating characteristic curve (AUC) analysis with
95%-confidence interval (CI) was used to preliminarily assess the
diagnostic accuracy of SWS and φ in predicting IBD. To assess
inter-reader agreement, all cases have been reevaluated by a second
radiologist (C.B., 5 years of experience in abdominal MR
elastography) and intraclass correlation (ICC) with CI has been
determined. ICCs were classified as follows: <0.5 defined as poor,
0.5–0.75 defined as moderate, 0.75–0.9 defined as good, and 0.9–1
defined as excellent. The significance level was set to 5%. Statistical
analysis was performed in RStudio (version 1.3.1093; R-Foundation,
Vienna, Austria).

Results
Demographics of all subjects are listed in Table 1 and medical
characteristics of patients are listed in Table 2. All patients
were investigated within a median of 1 day (interquartile
range, 0) before surgery. MR elastography of the gut was suc-
cessfully completed in all 40 subjects (100% technical success
rate). Representative examples are shown in Fig. 2. The mean
volume of interest was 47.4 � 29.9 cm3 with a mean number
of slices of 17 � 7. Five hourly repeated scans in one healthy
volunteer revealed a low intraindividual standard deviation for
both SWS (1.05 � 0.03 m/s) and φ (0.57 � 0.03 rad), dem-
onstrating reproducibility. No significant correlation was
found between MR elastography parameters (SWS and φ)
and age (P = 0.57 and 0.43, respectively) or body mass index
(P = 0.84 and 0.11, respectively). Both SWS and φ were sig-
nificantly increased in IBD by 21% and 20%, respectively,
(all IBD patients [n = 20]: 1.45 � 0.14 m/s and
0.78 � 0.12 rad vs. healthy volunteers [n = 20]:
1.20 � 0.14 m/s and 0.65 � 0.06 rad; Fig. 3), whereas no
significant differences were found between ulcerative colitis
and Crohn’s disease (ulcerative colitis [n = 9]:
1.43 � 0.17 m/s and 0.79 � 0.09 rad vs. Crohn’s disease
[n = 11]: 1.48 � 0.12 m/s and 0.77 � 0.15 rad; P = 0.74
and 0.90, respectively). Preliminary diagnostic accuracy for
the prediction of IBD was calculated with an AUC of 0.90
(CI: 0.81–0.96) for SWS and 0.84 (CI: 0.71–0.95) for φ.
Inter-reader agreement was good for SWS with an ICC of
0.78 (CI: 0.62–0.88) and moderate for φ with an ICC
of 0.61 (CI: 0.36–0.77).

TABLE 1. Demographics of Subjects

Healthy
Volunteers IBD Patients

Number of subjects 20 20

Female (%) 50 55

Age (y) 37.0 (13.5) 41.4 (14.7)

Body mass index
(kg/m2)

22.0 (2.6) 24.3 (5.2)

C-reactive protein
(cutoff for
normality <0.5)

- 65.3 (75.4)

Disease duration
(months)

- 194.9 (146.6)

Data are means, if not otherwise specified, and numbers in
parentheses are standard deviations.
IBD = inflammatory bowel disease.
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TABLE 2. Medical Characteristics of Patients

Medical Characteristics
Ulcerative Colitis
(n = 9)

Crohn’s Disease
(n = 11)

Number of patients

Montreal classification age group

A1, <16 years at diagnosis 0 1

A2, 17–40 years at diagnosis 7 8

A3, >40 years at diagnosis 2 2

Montreal classification disease extent (UC)

Ulcerative proctitis 0 -

Left-sided UC (distal UC) 4 -

Extensive UC (pancolitis) 5 -

Montreal classification disease extent (CD)

L1, terminal ileum - 7

L2, colon - 2

L3, ileocolon - 2

+L4, upper gastrointestinal tract disease present - 0

Montreal classification disease behavior (CD)

B1, Nonstricturing, nonpenetrating - 2

B2, Stricturing - 5

B3, Penetrating - 4

+B3p, Perianal penetrating - 0

Montreal classification perianal disease modifier (CD)

No perianal disease - 9

Perianal disease present - 2

Inflammatory bowel disease medication history

Corticosteroids 5 3

Mesalazine 3 0

Infliximab 1 2

Adalimumab 1 2

Ustekinumab 1 0

Sulfasalazine 1 0

Vedolizumab 1 0

Tacrolimus 1 0

Mercaptopurine 1 0

Azathioprine 0 4

Surgical procedure

Colectomy 9 2

818 Volume 55, No. 3
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Discussion
This explorative study investigated MR elastography of the
gut in healthy volunteers and IBD patients using histo-
pathological analysis of surgical specimens as reference.
Anatomical details such as the colon and ileum were visu-
ally perceptible on both SWS and φ maps, eliminating the
need for superimposition of morphological images. The
100% technical success rate we achieved in healthy volun-
teers and patients, the low standard deviation of repeated
measurements and the good inter-reader agreement for
SWS confirm the feasibility of the method. In our study,

we found significantly increased values for both SWS and
φ in IBD compared to healthy volunteers, whereas no dif-
ferences were evident between ulcerative colitis and
Crohn’s disease. Age and body mass index did not affect
MR elastography parameters, which facilitates potential
clinical application of the method. Our preliminary results
also showed an excellent diagnostic performance in
predicting IBD for both SWS and φ.

These results support previous evidence from a case
report using MR elastography, which found an SWS of
1.47 � 0.28 m/s and φ of 0.80 � 0.11 rad in a patient

TABLE 2. Continued

Medical Characteristics
Ulcerative Colitis
(n = 9)

Crohn’s Disease
(n = 11)

Ileocecal resection 0 9

Indications for surgery

Failed medical therapy 9 11

Stricture 0 5

Penetrating disease 0 4

UC = ulcerative colitis; CD = Crohn’s disease.

FIGURE 2: Representative examples. Upper row: Healthy volunteer with shear-wave speed (SWS) of 1.09 � 0.28 m/s and loss angle
(φ) of 0.59 � 0.20 rad in the descending colon. Middle row: Patient with ulcerative colitis-based lesion in the descending colon with
SWS of 1.58 � 0.36 ms and φ of 0.88 � 0.31 rad. Lower row: patient with Crohn’s disease-based lesion in the ileocecal junction
with SWS of 1.79 � 0.39 ms and φ of 0.73 � 0.22 rad. The increased viscoelasticity measured in both patients are visually perceptive
on SWS and φ maps.
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with acute appendicitis after antibiotic treatment.34 A few
ultrasound-based elastography pilot and proof-of-concept
studies with histopathological correlation have shown similar bio-
mechanical endpoints as our study. For instance, Stidham et al
distinguished inflammatory vs. fibrotic gut in a rat model of IBD
using normalized strain measurements (�2.07 vs. �1.10;
P = 0.037).23 In the same study, the authors were able to distin-
guish stenotic vs. adjacent normal small bowel in seven patients
with Crohn’s disease (�0.87 vs. �1.99; P = 0.0008).23 Bau-
mgart et al detected fibrotic gut tissue in stricturing Crohn’s dis-
ease in a group of 10 patients.24 They found an increased strain
ratio in unaffected vs. affected gut segments using real-time
elastography (169.0 � 27.9 vs. 43.0 � 25.9, P < 0.001) and ten-
siometry (77.1 � 21.4 vs. 13.3 � 11.2, P < 0.001). Additionally,
they showed an association between strain measurements and col-
lagen deposition in fibrosis. In contrast, Serra et al found no cor-
relation between the strain ratio and fibrosis (P = 0.87) or
inflammation (P = 0.53) in 26 patients with Crohn’s disease.25

Also, other quantitative MRI techniques have shown promising
results. For instance, Li et al showed that magnetization transfer
MRI outperformed diffusion and contrast-enhanced imaging in
assessing varying degrees of bowel fibrosis with or without
coexisting inflammation in Crohn’s disease.35

Clinical MR enterography for the detection of strictures
has been investigated in several studies using histopathological
reference. One of the largest series included 49 patients with
Crohn’s disease and was performed by Sinha et al.36 For the
detection of all abnormal segments, they found AUC values as
follows: 0.96 for mural thickness, 0.81 for the enhancement
ratio of the abnormal bowel, and 0.68 for the mesentery
enhancement ratio. Rimola et al were able to differentiate low

vs. moderate/severe inflammation and mild/moderate vs. severe
fibrosis in a study including 41 patients with Crohn’s disease.37

They showed that fibrosis was associated with the percentage
of enhancement gain, which discriminated mild/moderate
vs. severe fibrosis with an AUC of 0.93. Moreover, several
semiquantitative MRI scores have been proposed to predict
active disease.38–40 The Magnetic Resonance Index of Activity
score was developed in 50 patients with Crohn’s disease exam-
ined by ileocolonoscopy. Based on wall thickness, relative con-
trast enhancement, presence of edema and presence of ulcers,
their model achieved an AUC of 0.89.38,39 The Acute Inflam-
mation Score was developed in 16 patients with Crohn’s dis-
ease and elective small bowel surgical resection.40 It is based on
the qualitative scoring (0–3) of mural thickness and T2 signal.
Their model, applied to 26 patients with endoscopic biopsies,
achieved an AUC of 0.77.

While MR enterography studies have shown good perfor-
mance in detecting strictures and in evaluating the degree of
inflammation, characterization of intestinal fibrosis remains chal-
lenging. Based on a biomechanical-based contrast mechanism,
our pilot study results showed a similar diagnostic performance to
the above-mentioned MR enterography studies for the detection
of IBD, while no oral or intravenous contrast agent, no active
colonic distension with water enema and no antispasmodic agents
were administered. Moreover, current MR enterography protocols
and scores rely on a combination of pulse sequences, contrast
agents and subjective image interpretation. Therefore, our results
motivate further investigation of MR elastography of the gut as a
short adjunct sequence to supplement current MR enterography
protocols. Especially, the diagnostic performance for the quantifi-
cation of fibrosis and inflammation as well as the influence of
bowel mater, bowel preparation with oral contrast agents and
physiological changes to viscoelastic properties of the gut should
be investigated in the future.

Limitations
Only a small number of subjects were investigated in our
pilot study. All patients included were scheduled for elective
surgery the following day, which preselected patients with
rather pronounced fibrosis and low inflammatory activity.
Therefore, an in-depth assessment of fibrotic and inflamma-
tory components was not performed in this initial study.
However, histopathological analysis of surgical specimens is
the best reference standard available, and a strength of this
study is the short interval between MR elastography and sur-
gery, which allows close correlation of findings.

Conclusion
Our pilot results demonstrated the feasibility of MR
elastography of the gut and showed excellent diagnostic per-
formance in predicting IBD. This study provides basic data
for the biophysical characterization of intestinal fibrosis and
inflammation in IBD in the future.

FIGURE 3: Boxplots display median, upper and lower quartiles,
and whiskers of shear-wave speed (SWS) and loss angle (φ).
Statistically significant differences are indicated by asterisks (***)
for P < 0.001. IBD = inflammatory bowel disease.
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