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Abstract

Objectives

To prospectively evaluate if training with direct feedback improves grading accuracy 
of inexperienced readers for Crohn’s disease activity on magnetic resonance imaging 
(MRI).

Materials and methods

Thirty-one inexperienced readers assessed 25 cases as a baseline set. Subsequently, 
all readers received training and assessed 100 cases with direct feedback per case, 
randomly assigned to four sets of 25 cases. The cases in set 4 were identical to 
the baseline set. Grading accuracy, understaging, overstaging, mean reading times 
and confidence scores (scale 0-10) were compared between baseline and set 4, and 
between the four consecutive sets with feedback. Proportions of grading accuracy, 
understaging and overstaging per set were compared using logistic regression 
analyses. Mean reading times and confidence scores were compared by t-tests.

Results

Grading accuracy increased from 66 % (95 % CI, 56-74 %) at baseline to 75 % (95 % CI, 
66-81 %) in set 4 (P = 0.003). Understaging decreased from 15 % (95 % CI, 9-23 %) 
to 7 % (95 % CI, 3-14 %) (P < 0.001). Overstaging did not change significantly (20 % 
vs 19 %). Mean reading time decreased from 6 min 37 s to 4 min 35 s (P < 0.001). 
Mean confidence increased from 6.90 to 7.65 (P < 0.001). During training, overall 
grading accuracy, understaging, mean reading times and confidence scores improved 
gradually.

Conclusions

Inexperienced readers need training with at least 100 cases to achieve the literature 
reported grading accuracy of 75 %.

Key points

• Most radiologists have limited experience of grading Crohn’s disease activity on MRI.
• Inexperienced readers need training in the MRI assessment of Crohn’s disease.
• Grading accuracy, understaging, reading time and confidence scores improved 
during training.
• Radiologists and residents show similar accuracy in grading Crohn’s disease.
• After 100 cases, grading accuracy can be reached as reported in the literature.
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Introduction

The clinical management of patients with Crohn’s disease is evolving and various 
new therapies are available [1]. As medical management differs among the 
disease stages, it is important to distinguish between mild, moderate or severe 
Crohn’s disease activity to allow physicians to pick the best possible therapeutic 
strategy [2, 3].
A major drawback of any study on evaluating Crohn’s disease activity is that 
there is no perfect reference standard. Recently, Vermeire et al. [4] stated that 
ileocolonoscopy and magnetic resonance imaging (MRI) can be used as reference 
standards. Both methods evaluate different aspects of the disease (i.e. mucosal 
vs transmural and extramural disease) and should be used complementary [5].
MRI is increasingly used to determine disease activity in Crohn’s disease 
patients. It is therefore important that the grading accuracy for disease activity 
is sufficiently high.
In a meta-analysis, it was shown that with MRI severe disease activity was correctly 
graded in 91 % of the patients [6]. However, for patients in remission or with mild 
disease, MRI stages only 62 % of patients correctly. Thereby, MRI more often 
overstaged than understaged disease activity. In this meta-analysis, readers 
with different experience levels studied the ability of MRI in grading Crohn’s 
disease activity and no subgroup analysis was provided concerning the level 
of experience of the readers. Another recent systematic review stated that the 
sensitivity and specificity for diagnosing Crohn’s disease depended on the level 
of the reader’s experience [7]. Most radiologists have no or limited experience 
in the evaluation of MRI for grading Crohn’s disease activity and should not be 
expected to initially achieve a grading accuracy level that is comparable to that 
reported in the literature.
A previous study on MRI training [8] reported that most findings of Crohn’s disease 
can already be evaluated with high diagnostic performance before extensive 
training. However, that study concerned only one experienced radiologist and 
two trainees. Importantly, only the presence of the disease was determined, not 
grading disease activity. A study on grading disease activity and a higher number 
of trainees is mandatory to determine whether a high diagnostic performance 
can be reached without dedicated training. If not, it is important to obtain further 
insights into how much experience is needed before a radiologist can accurately 
grade Crohn’s disease activity in clinical practice.
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The aims of this prospective study were:
1.  To determine the overall effect of training by comparing the grading accuracy 

of inexperienced readers before and after training.
2.  To evaluate the performance of inexperienced readers in grading Crohn’s 

disease activity on MRI during training with direct feedback.
For both aims, reading time and confidence were compared.
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Materials and methods

This study was performed at a single tertiary centre and included 31 trainees from 
14 hospitals. The institutional review board approved the study and waived the 
requirement of informed consent for the use of MRI examinations. All trainees gave 
informed consent.

MRI selection

The training cases were extracted from the hospital radiology information system 
and included 100 MR enterography and enteroclysis examinations from patients 
with suspected or known Crohn’s disease, who were examined at the Radiology 
Department of the Academic Medical Centre in Amsterdam between June 2008 and 
May 2012. All patients were imaged with a 1.5 T unit (Siemens, Erlangen, Germany) or 
a 3.0 T unit (Philips Healthcare, Best, The Netherlands) in the supine position and the 
scan protocol included at least a T2-weighted sequence, a fat saturated T1-weighted 
unenhanced sequence and a post-contrast enhanced sequence [9]. Examinations 
performed with enterography or enteroclysis, 1.5 T or 3 T and irrespective of image 
quality, were extracted for the training program. This reflects daily practice, and 
we did not expect substantial differences between MRI methods and between field 
strengths [10, 11]. All MRI examinations were anonymised and loaded on a PACS 
system (Impax 6.0; AGFA Healthcare, Agfa-Gevaert, Mortsel, Belgium) for this study.
One-hundred MRI examinations with a diagnosis of either none, mild, moderate and 
severe disease activity were randomly assigned to four different training sets of 25 
cases using Microsoft Excel (version 2003). Note was made that every set contained 
both enterography/enteroclysis and 1.5-T/3-T examinations, although no attempt 
was made to distribute these evenly over the sets.

Assessment of Crohn’s disease activity

For defining the reference standard, all MRI cases were evaluated in detail by an 
expert panel. The expert panel consisted of two abdominal radiologists and a 
radiology fellow with special interest in abdominal MRI, all with extensive experience 
in evaluating Crohn’s disease activity with MRI. Our expert panel was blinded to 
the clinical interpretation of the disease activity. Uncertainties were resolved by 
discussion. In the event of any ambiguity, endoscopic assessment was used to 
confirm the presence or absence of the disease activity. The disease activity was not 
established in consensus with a gastroenterologist.
The per-patient assessment of disease activity was based on the MR score system of 
Steward et al. [12] and supplemented with evaluating the presence of complications, 
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as these reflect disease activity as well and impact management (Table 1). Lesions in 
the small bowel and colon were assessed. The following MRI features were recorded 
for each patient: mural thickness, mural T2 signal, T1 contrast enhancement, T1 
enhancement pattern, total length of disease and comb sign (vascular enlargement of 
the vasa recta). The following complications were determined: the presence of severe 
stenosis, infiltrate, abscess and/or fistula. Lumen reduction of at least 80 % with 

Table 1. MRI activity grading, score of features and complications per patient (12). Lesions in 
the small bowel and colon were assessed. In case of involvement of more than one lesion, the 
lesion with the highest activity score was leading in the final assessment.

MRI features Score of MRI features

0 1 2 3

Thicknessa ≤ 3 mm > 3 – 5 mm > 5 – 7 mm > 7 mm

Mural T2 signalb Normal bowel Minor  
increase

Moderate 
increase

Marked 
increase

T1 enhancementb Normal bowel Minor  
increase

Moderate 
increase

Marked 
increase

T1 enh. pattern N/A Homogeneous Mucosal Layered

Total length 0 cm 0 – 5 cm 5 – 15 cm > 15 cm

Comb sign N Y

Presence of complications

Infiltratec N Y

Abscess N Y

Fistula N Y

Severe stenosisd N Y

a. Measured using electronic calipers. 
b. Compared to normal small bowel.
c. Tethering and kinking of bowel loops was considered as an infiltrate.
d. Lumen reduction (> 80%) with prestenotic dilation, wall thickening (> 3 mm) and 
increased (moderate/severe) mural T2 signal was considered as a severe stenosis with active 
disease.

Table 2. Description of disease activity based on MRI features and complications in table 1.

Crohn’s disease activity

None No signs of Crohn’s disease activity.

Mild Signs of activity. No features with score 3. No complications. Total score ≤ 8.

Moderate Score 9-13 or contains a feature with score 3. No signs of complications.

Severe Presence of at least one complication or a total score of ≥ 14.
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prestenotic dilation, and increased (moderate/severe) mural T2 signal was considered 
as a severe stenosis with active disease. Tethering and kinking of bowel loops was 
considered as an infiltrate. We subsequently constructed an arbitrary disease activity 
scoring system that in our opinion best fitted the present state of the art in MRI 
grading and disease management. Subjects were included in four categories of 
disease activity based on the scoring system and presence of complications: no, 
mild, moderate and severe activity (Table 2). In case of involvement of more than one 
lesion, the lesion with the highest activity score was leading in the final assessment.

Trainees

Thirty-one trainees from four academic, six teaching and four general hospitals 
without (n = 14) or with limited (n = 17) MRI experience (<25 MR enterography/
enteroclysis exams) for evaluating Crohn’s disease started the MRI training program 
between May 2012 and March 2013. Fourteen of the 31 trainees were radiologists 
(8 male; mean age 44 years, range 32 – 59 years; mean experience as radiologist, 
10 years). The other 17 were residents (10 male; mean age 31 years, range 26–
37 years; mean experience as resident, 3 years).

MRI training program

The trainees started reading a document explaining the different sequences used and 
the features to be evaluated and read three articles [12–14]. At our institution, the 
trainees were familiarised with the PACS workstation so that they were able to use 
the software. One example case was used for explanation of the sequences and the 
MRI scoring system. Subsequently they evaluated the first set of 25 cases (baseline 
set), followed by a 1-h lecture with examples from the study coordinator and a 1-h 
workshop with three example cases and personal instructions from an experienced 
abdominal radiologist (J.S.). Thereafter, the trainees started with four consecutive 
sets of 25 cases with direct feedback.
For the evaluation of all cases, an internet questionnaire form ( http://mrentero.
webklik.nl ) was developed for the trainees providing case number and surgical 
history for every case. The trainees were asked to score all MR features and grade 
Crohn’s disease activity using Tables 1 and 2. Furthermore, they were asked to fill 
in their confidence of grading on an 11-point scale (from 0 to 10). Reading time per 
case was measured with a digital clock. The trainees were obligated to score all MR 
features per case and complete the form before they received feedback, namely a 
detailed report of the examination by the expert panel. The trainees had to complete 
the training within 1 month.
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The first set of 25 cases was assessed twice; as a baseline set at the beginning of the 
training without feedback and as last set (set 4), with feedback, in a different order. 
The trainees were not aware that this set was assessed twice. The training program 
is shown in Fig. 1.

Statistical analysis

Two methods were used to evaluate the effect of training with feedback. First, the 
overall effect of training with feedback was determined by comparing the grading 
accuracy of the baseline set (before training) to set 4 (after training with feedback), 
which included identical cases (Fig. 2). Subgroup analyses were performed to evaluate 
the grading accuracy for radiologists and residents, and for disease activity stage.

Fig. 1. Flowchart of training program.
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Fig. 2. 3-T MR enterography images of a 31 year old female patient with Crohn’s disease, who 
underwent an ileocecal resection in the past, show mild Crohn’s disease activity. (a) Coronal T2-
weighted image shows wall thickening (4.5 mm) in the neoterminal ileum and mild increased 
T2 mural signal intensity on (b) axial T2-weighted image with fat saturation (arrows). Contrast-
enhanced (c) coronal and (d) axial T1-weighted images with fat saturation show homogeneous 
and moderate increased contrast enhancement of the bowel wall over a length of 5 cm (arrows). 
Ileocolonoscopy one week later showed superficial ulcerations in the neoterminal ileum over 
a length of 6 cm. Twelve out of 31 trainees graded this case correctly before training, in the 
baseline set. The other trainees graded this case as no (n=2), moderate (n=11) or severe (n=6) 
activity. After following the MR training program at our institution, 21 out of 31 trainees graded 
this case as mild disease activity and 10 out of 31 as moderate activity.
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Second, in case an overall effect of training with feedback was seen, the effect of 
training was studied as a learning curve hypothesis. This was done by comparing 
the grading accuracy of the four consecutive sets with feedback. Subgroup analyses 
were performed to evaluate the accuracy for radiologists and residents and for each 
disease activity stage.
Trainee performance before (baseline set) and after training with feedback (set 4)
The average reader grading accuracy, understaging and overstaging for the baseline 
set were compared with set 4. Trainees evaluated all cases independently; therefore, 
we regarded these measurements as independent repetitions; however, to correct 
repeated measurements among trainees we used a generalised estimating equation 
(GEE) method to estimate grading accuracy, understaging and overstaging. To 
compare grading accuracy, understaging and overstaging between sets, we added 
the datasets as covariates in the GEE model and a significant regression coefficient 
was considered to show difference between sets. Grading accuracy, understaging 
and overstaging values with corresponding confidence intervals were obtained by 
antilogit transformation of the logit values and standard errors of the GEE models. 
Mean confidence scores and mean reading times were first calculated per case and 
subsequently means per sets were calculated. Differences between means were 
tested for statistical significance using the paired t-test.
Trainee performance during training with feedback in four consecutive sets of 25 
cases
The same model and outcomes as described above was used to compare grading 
accuracy, understaging and overstaging between the sets. Mean confidence scores 
and mean reading times were calculated as described above and were tested for 
statistical significance by ANOVA following post-hoc Bonferroni test.
For all analyses, a P value <0.05 indicated a statistically significant difference and 
SPSS Statistics 20 (IBM Corporation, Armonk, NY, USA) and GraphPad Prism 5.01 (La 
Jolla, CA, USA) were used.
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Results

Twenty-five of the 100 cases had no disease activity as determined by the expert 
panel, 23 had mild disease activity, 28 had moderate disease activity and 24 had 
severe disease activity. In three cases, there were still uncertainties after discussion 
and endoscopic assessment was used to confirm the absence or presence of disease 
activity. Table 3 summarises the demographic data of the patients and examinations 
used for this study.

Trainee performance before (baseline set) and after training with 
feedback (set 4)

The overall grading accuracy of all trainees increased significantly, from 66 % (95 % 
CI, 56-74 %) in the baseline set to 75 % (95 % CI, 66-81 %) in set 4 (P = 0.003). 
Understaging of disease activity by all trainees decreased significantly, from 15 % 
(95 % CI, 9-23 %) to 7 % (95 % CI, 3-14 %) (P < 0.001). Overstaging of disease activity 
did not change significantly: 20 % (95 % CI, 13-29 %) versus 19 % (95 % CI, 13-27 %).
For radiologists, the grading accuracy increased from 65 % (95 % CI, 55-74 %) to 75 % 
(95 % CI, 67-82 %) (P = 0.018), and for residents, the grading accuracy increased from 
66 % (95 % CI, 55-75 %) to 74 % (95 % CI, 65-81 %) (P = 0.002). Grading accuracies 
between radiologists and residents showed no significant differences.
Grading accuracy was evaluated per disease severity stage. The grading accuracy 
of all trainees in staging as none, mild, moderate and severe Crohn’s disease in 

Table 3. Patient and MRI imaging characteristics.

Parameter All 
(n=100)

Baseline 
/ set 4 
(n=25)

Set 1 
(n=25)

Set 2 
(n=25)

Set 3 
(n=25)

Sex male / female 38 / 62 13 / 12 8 / 17 7 / 18 10 / 15

Age at time 
of imaging

years, 
mean (SD)

38 (14) 37 (13) 42 (15) 35 (15) 37 (12)

Previous 
surgery 

n (%) 47 (47%) 11 (44%) 14 (56%) 10 (40%) 12 (48%)

MRI 
technique

1.5-Tesla 
3.0-Tesla

60
40

20
5

14
11

16
9

10
15

Preparation enterography  
enteroclysis

77
23

16
9

20
5

17
8

24
1

Disease 
activity of the 
patients per 
examination

none
mild
moderate
severe

25
23
28
24

7
6
5
7

6
5
8
6

6
6
8
5

6
6
7
6
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the baseline set was 79 % (95 % CI, 63-89 %), 55 % (95 % CI, 44-66 %), 44 % (95 % 
CI, 32-56 %) and 76 % (95 % CI, 54-90 %), respectively. In set 4, these values were 
respectively 75 % (95 % CI, 62-84 %), 70 % (95 % CI, 55-82 %), 63 % (95 % CI, 54-71 %) 
and 87 % (95 % CI, 62-96 %). Grading accuracy of mild, moderate and severe disease 
activity improved significantly between baseline set and set 4 (P = 0.004, P = 0.001 
and P = 0.018, respectively).
The mean reading time decreased significantly from 6 min 37 s (95 % CI, 5 min 
57 s–7 min 17 s) per case in the baseline set to 4 min 35 s (95 % CI, 4 min 23 s–4 min 
48 s) per case in set 4 (P < 0.001). The mean confidence improved also, from 6.90 
(95 % CI, 6.63–7.17) per case in the baseline set to 7.65 per case in set 4 (95 % CI, 
7.38–7.92) (P < 0.001).

Trainee performance during training with feedback in four consecutive 
sets of 25 cases

Overall grading accuracy for all trainees in the four consecutive sets with feedback 
was 51 % (95 % CI, 41-60 %), 60 % (95 % CI, 51-69 %), 63 % (95 % CI, 52-72 %) and 
75 % (95 % CI, 66-81 %), respectively. A statistically significant increase was seen 
between set 1 and 4 (P < 0.001) and between set 2 and 4 (P = 0.018) (Fig. 3a).
Understaging was present in 23 % (95 % CI, 15-33 %), 23 % (95 % CI, 15-33 %), 19 % 
(95 % CI, 11-30 %) and 7 % (95 % CI, 3-14 %) of the cases for the four consecutive sets 
with feedback, respectively (Fig. 3b). Differences were significant between the first 
three sets and set 4 (P = 0.002, P = 0.005 and P = 0.025, respectively). Overstaging 
was present in 25 % (95 % CI, 19-34 %), 17 % (95 % CI, 12-25 %), 19 % (95 % CI, 12-
28 %) and 19 % (95 % CI, 13-27 %) of the cases for the four consecutive sets with 
feedback, respectively (Fig. 3c). No significant decrease in overstaging was reported 
between the different sets.
For radiologists, the grading accuracies were 52 % (95 % CI, 42-61 %), 57 % (95 % CI, 
47-67 %), 61 % (95 % CI, 51-70 %) and 75 % (95 % CI, 70-82 %) in set 1, 2, 3 and 4, 
respectively. A statistically significant increase was seen between set 1 and 4 (P < 
0.001), between set 2 and 4 (P = 0.006) and between set 3 and 4 (P = 0.023).
For residents, the grading accuracies were 51 % (95 % CI, 41-61 %), 62 % (95 % CI, 52-
71 %), 64 % (95 % CI, 52-74 %) and 74 % (95 % CI, 65-81 %), respectively. In this group 
only a statistically significant increase was seen between set 1 and set 4 (P = 0.001). 
There were no significant differences between the grading accuracies of radiologists 
and residents during training.
The grading accuracy per stage, of all trainees in distinguishing none from mild, 
moderate and severe Crohn’s disease activity in the four consecutive sets with 
feedback are presented in Table 4.
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Fig. 3. Graphs shows the average grading accuracy (a), understaging (b) and overstaging (c) in 
grading Crohn’s disease activity with 95% corresponding confidence intervals of all trainees per 
training set of 25 cases with direct feedback. 
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The mean reading time decreased as the trainees evaluated more MRI examinations. 
The mean reading time was 5 min 55 s (95 % CI, 5 min 40 s–6 min 9 s), 4 min 45 s 
(95 % CI, 4 min 29 s–5 min 1 s), 4 min 37 s (95 % CI, 4 min 25 s–4 min 49 s) and 
4 min 35 s (95 % CI, 4 min 23 s–4 min 48 s) per case, for the four consecutive sets 
with feedback, respectively (Fig. 4). A significant decrease in reading time was seen 
after set 1 (P < 0.001).
The mean confidence was 6.87 (95 % CI, 6.56–7.18), 7.28 (95 % CI, 7.03–7.53), 7.26 
(95 % CI, 6.95–7.57) and 7.65 (95 % CI, 7.3 –7.92) per case, for the four consecutive 
sets with feedback, respectively (Fig. 5). Confidence improved significantly between 
set 1 and set 4 (P = 0.002).

Fig. 4. Graph shows the average reading 
in minutes per case with corresponding 
95% confidence intervals of all trainees 
per set of 25 cases. 

Table 4. Grading accuracy per disease activity (with 95% confidence intervals) in the four 
consecutive sets with direct feedback.

Set 1 (n=25) Set 2 (n=25) Set 3 (n=25) Set 4 (n=25)

None 62% (49-74%) 84% (77-89%) 77% (57-90%) 75% (62-84%)

Mild 43% (31-55%) 53% (40-65%) 49% (33-65%) 70% (55-82%)

Moderate 38% (27-51%) 28% (19-39%) 45% (31-59%) 63% (54-71%)

Severe 80% (71-86%) 75% (59-87%) 83% (68-92%) 87% (62-96%)
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Discussion

In this study, we found that inexperienced radiologists and residents show a significant 
improvement in grading accuracy, understaging, reading time and confidence scores 
in staging Crohn’s disease activity with MRI during training with direct feedback.
Our results underscore that training is needed before inexperienced readers can 
assess Crohn’s disease activity in clinical practice [7]. Before training, interpretation 
of abdominal MRI is rather variable, related to inexperience in identifying and 
weighing relevant features. During training, inexperienced readers show a gradual 
increase in the ability to grade Crohn’s disease activity. After training and evaluating 
100 MRI examinations with direct feedback, readers achieve a level that is similar to 
that reported in the literature [4].
At the end of the training, severe disease activity was correctly evaluated in 87 % of 
the cases, while none, mild and moderate activity (75 %, 70 % and 63 %, respectively) 
was less accurately graded. Overstaging of disease activity was more frequently 
reported than understaging. These findings are in concordance with a meta-analysis 
on staging Crohn’s disease activity [6] and reflect the present strength and limitations 
of MRI in this setting.
Several studies have been published on the value of MRI in detecting disease activity 
and assessing severity compared with colonoscopy or pathology data [15–20]. For the 
assessment of disease activity, several scoring systems have been proposed recently 
[12, 21–23]. Two systems were evaluated in an independent patient cohort and 
were equally good concerning reproducibility and agreement with ileocolonoscopy 
[24]. However, both scoring systems do not evaluate complications important for 
management, like fistulas or stenoses. Therefore, we adopted one of the scoring 
systems, proposed by Steward et al. [12], and expanded the score with an assessment 

Fig. 5. Graph shows the average 
confidence per case with corresponding 
95% confidence intervals of all trainees 
per set of 25 cases.
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of disease length and assessment of extra-enteric complications. This expanded 
score was not validated, but we do not consider this as a substantial limitation as the 
aim of this study was evaluating the effect of training and a comparison between MR 
and different reference standards is beyond the scope of our study.
Very little is known about the effect of training on reading gastrointestinal MRI. One 
study about training acute appendicitis on MRI found similar results; an improved 
diagnostic accuracy and reading time was seen in 17 trainees [25]. In addition, the 
beneficial effect of adding diffusion-weighted imaging (DWI) to their imaging protocol 
was evaluated. This could have been interesting for our study as well. Unfortunately, in 
our hospital DWI in patients with Crohn’s disease is only performed when intravenous 
contrast medium is contraindicated [26]. Therefore, we did not have enough cases 
with DWI available for training. An advantage of our study was that 25 cases were 
assessed twice. Our trainees were not aware that this set was assessed twice and 
did not receive feedback in the baseline set. In this way, we were able to determine 
the accuracy in staging Crohn’s disease activity of our trainees before the training 
program with their grading accuracy at the end of the training program.
The readers graded severe disease activity most accurately, which is a relevant 
finding given the present limitations in correctly identifying mild disease activity. Our 
study confirms that efforts should be made to further increase the accuracy of MRI in 
grading mild and moderate disease activity.
We trained our readers to evaluate both small bowel and colonic lesions. Both MR 
enterography and enteroclysis cases were used. In our opinion, colonic disease 
can be assessed with enterography and enteroclysis. However, a rectal enema or 
enterocolonography should be preferred to obtain optimal colonic distension and 
evaluation. This is especially important in cases were colonic disease is suspected.
Crohn’s disease activity was assessed per patient. It would have been interesting to 
assess the disease activity per segment. However, the main purpose of our study was 
to teach inexperienced readers how to interpret an abdominal MRI in patients with 
Crohn’s disease. Therefore, we have chosen to evaluate all cases on a per patient 
basis.
Staging disease activity depends on several parameters. One of these parameters 
is contrast enhancement. Anatomical differences exist in segmental blood supply; 
the right colon is supplied via the superior mesenteric artery, the left by the inferior 
mesenteric artery and the lower rectum via the iliac vessels. Contrast enhancement 
can, therefore, differ between different segments (highest contrast enhancement 
can be seen in the jejunum and sigmoid/rectum) [27, 28]. Therefore, inexperienced 
readers might have difficulty in appropriate determining enhancement and may 
therefore overstage disease activity in the jejunum and sigmoid.
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A limitation of our study is the use of an expert panel as reference standard. We 
have chosen this above colonoscopy only or pathology only as no perfect reference 
standard is available for Crohn’s disease. Endoscopy evaluates the mucosa of colon 
and terminal ileum in detail. However, no information of transmural and extramural 
disease can be acquired, as well as disease activity proximal of the terminal ileum. 
Pathological assessment of surgical specimens provides mucosal and transmural 
information, but can only be acquired in a subset of patients with severe or late-stage 
disease activity. Therefore, we have chosen to use an expert panel with extensive 
experience to grade multiple MRI features and use an identical scoring system for 
all cases as reference standard. For the overall per patient assessment by the expert 
panel, including a gastroenterologist might have been beneficial for strengthening 
the reference standard. A somewhat comparable approach has been advised for the 
reference standard for CT colonography [29]. It can be argued whether our expert 
panel should have read the images independently, before reaching consensus [30].
Another potential limitation was that the cases in our training were in similar order 
for all trainees. In our view, this is not an important limitation because we randomly 
divided the examinations into the different sets and made sure that the proportion of 
patients with different disease activities was similar among the four sets of 25 cases. 
In this way, no major differences between sets regarding MR technique were present 
(Table 3). Besides, we found a significant increase in grading accuracy between the 
baseline set and the identical last set of cases.
Disease activity was assessed in the small bowel and colon, while we included 
MRI examinations without the use of a rectal enema for providing optimal colonic 
distension. All cases concerned MR enterography and MR enteroclysis. Colonic 
distension might differ between these techniques, but this was part of the assessment 
in this study. To our knowledge, no studies have compared the distension of the 
colon with enteroclysis or enterography and this might be interesting to evaluate.
We had included 100 cases, presuming that this would be sufficient to identify the 
number of cases needed to obtain reading results comparable to the literature [6]. 
Although this number of cases was sufficient for this goal, we do not know whether 
trainees could further improve their staging accuracy if more cases had been provided.
In conclusion, we found that inexperienced readers can benefit from training with 
direct feedback, and showed increased grading accuracy, confidence and decreased 
reading times in grading Crohn’s disease activity on MRI. Understaging decreased 
significantly during training, but overstaging did not. Training with at least 100 cases 
with direct feedback of MR interpretation of Crohn’s disease activity is needed before 
inexperienced readers can achieve a grading accuracy level of 75 % as reported in 
the literature.
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