
1640 Copyright © 2021 The Korean Society of Radiology

INTRODUCTION

Magnetic resonance enterography (MRE) and computed 
tomography enterography (CTE) are the primary imaging 
modalities used to evaluate patients with Crohn’s disease 
(CD) [1-3]. Owing to the absence of radiation exposure, 
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MRE is particularly useful for patients with CD, who tend 
to be young and require lifelong repetitive examinations 
[4,5]. The cardinal findings of bowel inflammation in 
CD on enterography include bowel wall thickening and 
hyperenhancement [6,7]. In clinical practice, flattening in 
the anteroposterior direction (AP flattening) of the terminal 
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ileum or sigmoid colon lying across the psoas muscle 
is occasionally observed on MRE (Fig. 1). AP flattening 
creates an appearance resembling mural thickening and 

hyperenhancement of the bowel in the coronal view, which 
is the primary imaging plane of MRE [1,8], as coronal cross-
sectional planes cut through the sheet-like flattened bowel 

Fig. 1. AP flattening of the terminal ileum and sigmoid colon lying across the psoas muscle. 
A. A schematic drawing showing AP flattening of the terminal ileum (white arrow) and sigmoid colon (black arrow) lying across the psoas 
muscle (asterisks). AP flattening was empirically defined as a luminal collapse in the anteroposterior direction, with a bowel width in axial 
images of < 1/4 of the diameter of the well-distended adjacent bowel segments. B, C. AP flattening of the terminal ileum (arrowheads) mimics 
mural thickening and hyperenhancement in the coronal view (B). The pseudo-abnormality created by bowel collapse (arrowheads) in the 
anteroposterior direction is recognizable in axial images (C). The bowel width in the segment showing AP flattening (arrowheads) is 4.1 mm in 
the axial view, which is < 1/4 of the 1.9-cm diameter of the adjacent well-distended bowel segment. The bowel segment showing AP flattening 
(arrowheads) appears slightly stretched craniocaudally (2.2 cm in width) in the coronal view compared to the adjacent well-distended bowel 
segment. D, E. AP flattening of the sigmoid colon (arrowheads) mimics mural thickening and hyperenhancement in the coronal view (D). The 
pseudo-abnormality created by bowel collapse (arrowheads) is recognizable in correlation with axial images (E). The bowel width in the segment 
showing AP flattening (arrowheads) is 4.5 mm in the axial view, which is < 1/4 of the 1.9-cm diameter of the adjacent well-distended bowel 
segment. The width of the segment showing AP flattening (arrowheads) is maintained in the coronal view (1.9 cm) compared to the adjacent 
well-distended bowel segment. AP flattening = flattening in the anteroposterior direction
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wall. Therefore, AP flattening mimics bowel inflammation 
in CD. Unlike the usual concentric collapse of the bowel, 
it is difficult to recognize AP flattening unless the reader 
is familiar with the finding or makes a close correlation 
with axial images because the bowel width appears slightly 
enlarged or normal instead of shrunken in the coronal 
view. Therefore, we noted that cases of AP flattening were 
sometimes misinterpreted as bowel inflammation in our 
practice.

To our knowledge, this unique pattern of bowel collapse 
as a potential interpretive pitfall has not been described 
in the literature, although the challenges in interpreting 
MRE posed by the usual concentric bowel collapse are well 
known [9]. Furthermore, considering that the terminal 
ileum and sigmoid colon are the bowel regions frequently 
affected by CD [10], further knowledge of the phenomenon 
of AP flattening would be particularly beneficial for a 
more accurate interpretation of MRE in patients with CD. 
Therefore, we investigated the prevalence of AP flattening 
of the terminal ileum or sigmoid colon on MRE in patients 
with CD, as well as the factors associated with the 
development of AP flattening.

MATERIALS AND METHODS

The Institutional Review Board of Asan Medical Center 
approved this retrospective study (IRB No. 2020-0813) and 
waived the requirement for written informed consent. 

Study Participants
Figure 2 summarizes the patient selection process. A 

total of 367 consecutive patients with CD with no history 
of bowel surgery and who had undergone MRE between July 
2019 and February 2020 at Asan Medical Center, a tertiary 
referral center, were initially recruited. The indications 
for MRE in CD at our institution were consistent with 
those recommended [2,11] for the baseline or follow-
up assessment for medical therapy. After reviewing the 
technical notes taken at the time of MRE examination, to 
avoid confounding effects on bowel distention, we excluded 
three patients who did not receive the complete oral fluid 
administration required for MRE, leaving a study cohort 
comprising 364 patients (269 male and 95 female; mean 
age ± standard deviation, 31.2 ± 9.4 years). We further 
identified subcohorts of patients who had undergone CTE as 
the prior enterography examination and whose endoscopic 
findings of the terminal ileum were available (see Clinical 

Patients with CD and without history of bowel surgery
undergoing MRE

(July 2019–February 2020) (n = 367)

Eligible participants (n = 364)

Terminal ileum lying across psoas muscle
(n = 322)

Sub-cohort of patients who had prior CTE
(n = 164)

Sub-cohort of patients who had endoscopic 
evaluation of the terminal ileum

(n = 252)

Sub-cohort of patients who had prior CTE
(n = 190)

Sigmoid colon lying across psoas muscle
(n = 363)

Excluded
  -  Inadequate oral fluid administration for MRE  

(n = 3)

Fig. 2. Flow diagram of the study participants. CD = Crohn’s disease, CTE = computed tomography enterography, MRE = magnetic resonance 
enterography
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Data Collection and Statistical Analysis sections).

MRE and CTE Acquisition
MRE was performed immediately after the oral 

administration of 1200 mL polyethylene glycol 
(approximately 30–40 minutes; 150 mL every 5 minutes). 
Scanning was performed with the patient in the supine 
position using a 3T magnetic resonance imaging scanner 
(Ingenia; Philips Healthcare) and included the following 
sequences: coronal T2-weighted half-Fourier sequences with 
and without fat suppression, axial T2-weighted half-Fourier 
sequence with fat suppression, coronal diffusion-weighted 
imaging (DWI) with b-factors of 0 and 900 s/mm2 and 
apparent diffusion coefficient map; coronal pre- and post-
contrast (enteric and portal phases) T1-weighted spoiled 
gradient-echo sequences with fat suppression; and axial 
delayed post-contrast T1-weighted spoiled gradient-echo 
sequence with fat suppression. For contrast enhancement, 
0.2 mL/kg of gadoterate meglumine (Dotarem; Guerbet) 
was intravenously administered at a rate of 2 mL/s, 
followed by a saline flush. To avoid bowel peristalsis, two 
10-mg doses of scopolamine-N-butyl bromide (Buscopan; 
Boehringer Ingelheim) were administered intravenously, 
once at the start of the examination and the other 
before T1-weighted imaging. The total patient time on 
the scanner was approximately 30 minutes. The detailed 
technical parameters are provided in Supplementary Table 1. 

CTE was performed after administering oral fluid in the 
same manner as for MRE. However, no spasmolytic agents 
were administered. Enteric-phase images were obtained in 
the supine position after the administration of an intravenous 
bolus of non-ionic iodinated contrast material (100–150 mL 
of 320 mgI/mL) at 3 mL/s using 64- or 128-detector row 
scanners (SOMATOM series; Siemens). The scan parameters 
were as follows: beam pitch, 1; gantry rotation time, 0.5 
seconds; field of view to fit, 100 or 120 kVp; and automated 
tube current modulation (CARE Dose 4D) with quality 
reference mAs set at 200. Both axial and coronal images were 
obtained at 3-mm thickness and 3-mm intervals.

MRE and CTE Analysis
The images were reviewed by a board-certified 

gastrointestinal radiologist with a 2-year experience in 
interpreting MRE and CTE after confirmation of a near-
complete agreement with a senior radiologist with 
approximately 8 years of experience in MRE (further details 
are provided in Supplementary Fig. 1). Coronal and axial 

T2- and T1-weighted images were analyzed. Axial DWI scans 
were absent and DWI did not provide as many anatomical 
details as T2- or T1-weighted images. Therefore, DWI scans 
were not analyzed. The reader first determined whether 
the terminal ileum or sigmoid colon was lying across the 
psoas muscle. When such a finding was noted, the reader 
then determined the presence of AP flattening in the 
bowel segments. AP flattening was empirically defined 
as a luminal collapse in the anteroposterior direction 
with a bowel width in axial images of < 1/4 of the 
diameter of the well-distended adjacent bowel segments 
(Fig. 1) with no change or slight stretching of the bowel 
width craniocaudally in coronal images, unlike the usual 
circumferential concentric bowel collapse in all directions. 
AP flattening was assessed separately for the T2- and T1-
weighted images. In the subcohort of patients with prior 
CTE (Fig. 2), the CTE images were analyzed similarly to the 
MRE images.

In the subgroup of patients in which endoscopic 
findings of the terminal ileum were available (Fig. 2), 
an additional anthropometric analysis was performed for 
the terminal ileum. We recorded the level of the terminal 
ileum lying across the psoas muscle using the ipsilateral 
iliac vessels as landmarks (at the level of the external 
iliac vessels vs. at or above the level of the common iliac 
vessels). In axial images, we measured the thickness of 
the anterior abdominal wall over the terminal ileum lying 
across the psoas muscle (abdominal wall thickness) and 
the anteroposterior distance between the inner margin 
of the anterior abdominal wall and the anterior margin 
of the psoas muscle (peritoneal space width) (Fig. 3). 
These measurements were obtained from T1-weighted axial 
images, as the skin-side boundary of the abdominal wall is 
obscure in fat-suppressed T2-weighted axial images. 

Clinical Data Collection
Demographic and CD-related patient characteristics at 

the time of MRE were collected through a review of the 
electronic medical records (Table 1). Patients who had 
undergone endoscopic evaluation of the terminal ileum 
within 3 months before or after MRE were identified, 
and their endoscopic findings of the terminal ileum were 
collected retrospectively from captured images and clinical 
endoscopic reports. The 3-month limit was chosen because 
it is considered an acceptable time interval for comparing 
endoscopic findings with other data in studies of CD based 
on the chronic nature of the disease [12,13]. Board-
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certified gastroenterologists specializing in inflammatory 
bowel disease performed the endoscopic examinations. In 
institutional routine clinical practice, endoscopic findings of 
the terminal ileum were described as the presence (ranging 
from aphthous ileitis to deep ulcerations) or absence 
of active inflammation, and corresponding images were 
captured. As the examiners did not routinely use formal 
severity scores, such as the Crohn’s Disease Endoscopic 
Index of Severity score [14] or Simple Endoscopic Score for 
Crohn’s Disease [15], such scores were not available for this 
study. 

The clinical radiology reports following MRE were 
reviewed in patients showing AP flattening to assess 
how AP flattening affected the ultimate interpretation of 
MRE. We investigated whether the bowel segments were 
interpreted in the clinical reports as having inflammation. 
We used data from the terminal ileum alone because our 
MRE reporting of the sigmoid colon was often inconclusive. 
This reporting style was based on the fact that the sigmoid 
colon is not the main area of interest for MRE and is 
examined primarily by endoscopy as the technical condition 
for magnetic resonance imaging is suboptimal at times in 
the colorectum, unlike the small bowel.

Statistical Analysis
The primary study outcome was the prevalence of AP 

Fig. 3. Measurement of the abdominal wall thickness (solid 
double-headed arrow) and peritoneal space width (dashed 
double-headed arrow) at the level of the terminal ileum 
(asterisk) lying across the psoas muscle in an axial magnetic 
resonance enterography image.
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flattening in the terminal ileum and sigmoid colon. The 
prevalence of AP flattening on MRE was compared to that 
on CTE in a subcohort of patients who had undergone prior 
CTE (Fig. 2) using McNemar’s test. 

Additionally, factors associated with the occurrence of AP 
flattening on MRE were analyzed in a subcohort of patients 
who underwent terminal ileum endoscopy within ± 3 months 
of MRE (Fig. 2). We performed the analysis for the terminal 
ileum but not for the sigmoid colon for the following 
reasons. The inflammatory status of the bowel should be 
examined as a potential factor for which endoscopic findings 
are necessary. Unlike the terminal ileum, retrospective 
matching of the bowel location between endoscopy and 
MRE for the sigmoid colon lying across the psoas muscle 
was deemed unreliable and inaccurate because the sigmoid 
colon is typically much longer and convoluted compared 
to the terminal ileum. We performed multivariable logistic 
regression analysis, including the various demographic 
characteristics, level of the terminal ileum, abdominal wall 
thickness, peritoneal space width, and endoscopic findings 
as independent variables. Firth’s correction was used for the 
logistic regression analysis to address complete separation 
in our data; that is, no incidents of AP flattening in 
patients with terminal ileal inflammation on endoscopy [16]. 
Variables with p < 0.25 in univariable analysis were included 
in the multivariable analysis. 

R software version 4.0.2 (R Foundation for Statistical 
Computing) was used to perform the statistical analysis. p < 
0.05 was considered statistically significant. 

RESULTS

Study Participants
The constitution of the study patients and baseline 

patient characteristics at the time of MRE are summarized 
in Figure 2 and Table 1. Of the 364 patients, 322 and 363 
had the terminal ileum and sigmoid colon lying across 
the psoas muscle, respectively. Of them, 164 and 190 
patients, respectively, had undergone CTE for enterography 

examination before MRE (median, 24 months; interquartile 
range, 15–30 months). The characteristics of the subcohort 
of patients who had undergone prior CTE did not differ 
significantly from those of the entire corresponding set of 
patients (Table 1). Of the 322 patients with the terminal 
ileum lying across the psoas muscle, 252 had available 
endoscopic findings of the terminal ileum obtained within ± 
3 months (median, 5 days; interquartile range, 2–8 days) of 
MRE. The characteristics of the 252 patients did not differ 
significantly from those of the corresponding set of patients 
(Table 1).

Prevalence of AP Flattening
AP flattening in T2- or T1-weighted images was observed 

in the terminal ileum in 7.5% (24/322) of patients and 
in the sigmoid colon in 5.2% (19/363) of patients 
(Table 2). When classified based on the MRE sequence, AP 
flattening was noted in T2-weighted images, T1-weighted 
images, and both sequences in the terminal ileum in 
5.9% (19/322), 6.8% (22/322), and 5.3% (17/322) of 
patients, respectively, and in the sigmoid colon in 4.1% 
(15/363), 5.0% (18/363), and 3.9% (14/363) of patients, 
respectively. 

According to our clinical reports following MRE, 45.8% 
(11/24) of the terminal ileal segments showing AP 
flattening were interpreted as having inflammation. Nine 
of the 11 cases occurred during the first half of the study 
period. Endoscopic confirmation was available for 22 of the 
24 cases of AP flattening, including the 11 cases. None of 
the patients had inflammation in the terminal ileum on 
endoscopy.

Comparison with CTE
For the subcohort of patients who had undergone prior 

CTE, the results of the comparison of the rates of AP 
flattening between MRE and CTE are summarized in Table 2. 
The prevalence of AP flattening in the terminal ileum was 
significantly higher on MRE than on CTE (7.3% [12/164 
patients] vs. 0.6% [1/164 patients]; p = 0.003; Fig. 4). The 

Table 2. Prevalence of AP Flattening
Patients with the Terminal Ileum Lying Across the Psoas Muscle Patients with the Sigmoid Colon Lying Across the Psoas Muscle
All Patients
(n = 322)

Subcohort of Patients with Prior CTE
(n = 164)

All Patients
(n = 363)

Subcohort of Patients with Prior CTE
(n = 190)

MRE MRE CTE P MRE MRE CTE P
7.5% (24/322) 7.3% (12/164) 0.6% (1/164) 0.003 5.2% (19/363) 5.8% (11/190) 1.6% (3/190) 0.039

Numbers in parentheses represent the corresponding numbers of patients. AP flattening = flattening in the anteroposterior direction,  
CTE = computed tomography enterography, MRE = magnetic resonance enterography
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prevalence of AP flattening in the sigmoid colon was also 
significantly higher on MRE than on CTE (5.8% [11/190 
patients] vs. 1.6% [3/190 patients]; p = 0.039).

Factors associated with AP Flattening
In the subgroup of 252 patients with available endoscopic 

findings for the terminal ileum, multivariable logistic 
regression analysis (Table 3) revealed that the absence of 
inflammation in the terminal ileum (reference category), 
as compared to active inflammation on endoscopy, was 

a significant independent factor associated with AP 
flattening of the terminal ileum, with an adjusted odds 
ratio of 0.066 (95% confidence interval, 0.001–0.498; p = 
0.003). The likelihood of AP flattening of the terminal 
ileum was approximately 15 times greater when there was 
no inflammation than when there was active inflammation. 
While 63 of 252 patients had active inflammation in the 
terminal ileum on endoscopy, none showed AP flattening on 
MRE. None of the 22 patients who showed AP flattening on 
MRE had inflammation in the terminal ileum on endoscopy. 

Fig. 4. A patient showing AP flattening of the terminal ileum on MRE (arrowheads on the left; A, B) but not on CTE (arrowheads 
on the right; A, B). AP flattening = flattening in the anteroposterior direction, CTE = computed tomography enterography, MRE = magnetic 
resonance enterography

A B

Table 3. Factors associated with AP Flattening of the Terminal Ileum

Variables
Univariable Analysis Multivariable Analysis

Odds Ratio 95% CI P Adjusted Odds Ratio 95% CI P
Demographic findings

Age, year 0.963 0.907–1.013 0.153 0.964 0.905–1.017 0.192
Sex

Male Reference category Reference category
Female 0.506 0.130–1.467 0.225 1.032 0.209–4.365 0.967

Height, cm 1.052 0.991–1.119 0.096 1.062 0.979–1.152 0.146
Weight, kg 1.011 0.979–1.042 0.495
BMI, kg/m2 1.001 0.888–1.116 0.983

MRE findings
Level of the traversing terminal ileum

External iliac vessels Reference category Reference category
Common iliac vessels or higher 2.346 0.875–5.838 0.088 2.174 0.767–5.868 0.139

Abdominal wall thickness, mm 1.002 0.959–1.043 0.933
Peritoneal space width, mm 0.999 0.965–1.030 0.961

Endoscopic findings
Inflammation in the terminal ileum

Absent Reference category Reference category
Present 0.059 0.000–0.434 0.001 0.066 0.001–0.498 0.003

Firth’s correction was applied to the logistic regression analysis to deal with the complete separation of the data. Factors with p < 0.25, 
in the univariable analysis, were included in the multivariable analysis. An odds ratio > 1 indicates a greater likelihood of AP flattening 
compared to the reference. AP flattening = flattening in the anteroposterior direction, BMI = body mass index, CI = confidence interval, 
MRE = magnetic resonance enterography
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None of the other variables were significantly associated 
with AP flattening.

DISCUSSION

The results of the present study indicated that AP 
flattening occurring in the terminal ileum or sigmoid colon 
lying across the psoas muscle, which may mimic bowel 
inflammation of CD in the coronal view, is an uncommon 
phenomenon predominantly seen on MRE. However, since 
the terminal ileum and sigmoid colon are bowel regions 
frequently affected by CD [10], findings that can mimic 
inflammation in these locations should be particularly 
noteworthy to avoid false interpretation of bowel 
inflammation. 

The observation of AP flattening in both T2- and T1-
weighted images in most patients with AP flattening 
(17/24 in the terminal ileum and 14/19 in the sigmoid 
colon) requires further attention regarding the potential 
interpretive pitfall as persistent flattening across sequences 
may prevent the recognition of pseudo-abnormalities by 
presenting the well-distended bowel on either sequence. 
Both coronal and axial images are recommended to be 
acquired and reviewed in MRE examinations, although 
the coronal plane is the primary imaging plane for 
enterographic evaluation of the bowel [1,8]. Therefore, 
when inflammation is suspected in the terminal ileum or 
sigmoid colon lying across the psoas muscle in the coronal 
view during MRE interpretation, a careful correlation with 
axial images is needed to confirm whether the segments are 
flattened to avoid interpretive pitfalls.

The exact mechanism of AP flattening can only be 
speculated. The fact that the phenomenon was noted 
nearly exclusively by MRE and not by CTE provides some 
plausible explanations, which may involve several factors. 
First, unlike CTE, MRE was performed after the intravenous 
administration of spasmolytics, which decrease bowel 
tone [17,18], as recommended to avoid artifacts due to 
peristaltic motion [1,2,6,8]. Second, patients spend longer 
times on the scanner for MRE compared to CTE [19]. Third, 
the terminal ileum or sigmoid colon lying over the psoas 
muscle, which protrudes somewhat anteriorly, is at a more 
non-dependent location in the supine position than the 
adjacent bowel parts. Combined, these factors may result 
in a relative tendency for the luminal fluid in the segment 
over the psoas muscle to passively shift to regions in more 
dependent locations because of gravity in MRE compared 

to CTE. The same phenomenon is less likely to occur during 
CTE as a greater bowel tone and occasional peristalsis might 
resist the passive fluid shift; moreover, the patient time on 
the scanner is also much shorter [19].

The results of this study also revealed that the absence of 
inflammation in the bowel was independently and strongly 
associated with AP flattening. None of the 63 patients with 
endoscopically proven active inflammation in the terminal 
ileum showed AP flattening on MRE. This result seems logical 
because inflammation causes tissue induration, which would 
likely resist flattening of the bowel owing to edema and, 
in the case of CD, because of fibrosis, which often coexists 
with bowel inflammation [20-23]. In some sense, once the 
reader becomes familiar with the finding of AP flattening, it 
may be used as a sign to help exclude bowel inflammation 
instead of merely being an interpretive pitfall.

This study had the following limitations. First, in this 
retrospective study, not all patients had undergone prior 
CTE or endoscopy for comparison with MRE. As MRE and 
CTE were compared and the analysis of factors associated 
with AP flattening was performed in select patients, 
our study had an inherent risk of selection bias. This 
risk cannot be ignored despite the similarity in baseline 
patient characteristics between the subcohorts and the 
entire corresponding set of patients. Second, regarding the 
analysis of factors associated with AP flattening, a shorter 
interval between MRE and endoscopy and (semi-) quantitative 
scoring of the inflammatory severity on endoscopy, as 
often adopted in prospective studies, would have allowed 
more precise analysis. We chose a 3-month interval for our 
study as this duration is considered an acceptable, if not 
ideal, time window for comparing endoscopic findings to 
other data in retrospective studies of CD considering the 
chronic nature of the disease [12,13]. Previous studies have 
adopted a broader interval of 6 months [24]. 

In conclusion, AP flattening of the terminal ileum 
or sigmoid colon lying across the psoas muscle was an 
uncommon finding predominantly seen on MRE. This 
may represent a potential interpretive pitfall that mimics 
bowel inflammation in CD. Nonetheless, once the reader 
recognizes the finding, it may be used as a sign to help 
exclude bowel inflammation.

Supplement

The Supplement is available with this article at  
https://doi.org/10.3348/kjr.2020.1420.
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