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Radiology residents’ learning curve 
for interpretation of female pelvic 
magnetic resonance imaging (MRI): 
A longitudinal study in Isfahan 
university of medical sciences
Atoosa Adibi, Tahereh Changiz1, Elham Maghami2

Abstract:
BACKGROUND: Accurate interpretation of female pelvic magnetic resonance imaging (MRI) is a 
critical yet challenging skill for radiology residents. This study aimed to evaluate the learning curve 
of pelvic MRI interpretation following a structured educational intervention.
MATERIALS AND METHODS: In this longitudinal semi‑experimental study, 20 third‑ and fourth‑year 
radiology residents participated between 2023 and 2024. Participants underwent seven consecutive 
pelvic MRI interpretation assessments, including one baseline test and six post‑training evaluations. 
The educational intervention consisted of three structured pelvic MRI training sessions followed by 
iterative feedback‑based learning. Performance was assessed using standardized scoring (maximum 
score = 100). Changes in scores over time were analyzed using repeated‑measures analysis of 
variance (ANOVA) and analysis of covariance (ANCOVA), adjusting for residency year and baseline 
performance. Statistical significance was defined as P < 0.05.
RESULTS: Mean examination scores increased significantly from 17.8  ±  13.7 at baseline to 
77.1  ±  14.4 at the final assessment (P  <  0.001). Repeated‑measures ANOVA demonstrated a 
significant time effect (Greenhouse–Geisser correction, P < 0.001). Variability in scores decreased 
progressively over time, indicating convergence toward stable competency.
CONCLUSION: A structured, feedback‑oriented pelvic MRI training program resulted in significant 
and sustained improvement in residents’ interpretative performance, supporting its application in 
competency‑based radiology education.
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Introduction

Medical techniques usually require 
many hours of training, practice, and 

purposeful repetition. Learning curves are 
graphical representations of improving 
a specific task or art over time.[1] Medical 
technical performance can be evaluated 
using operation time and complication 
rates. In contrast, experience can be assessed 

using other variables, such as the number of 
repetitions and training hours.[2] Learning 
curves are often used to evaluate medical 
education. They provide information about 
the variables affecting the learning process 
and may help plan lessons. They have 
been widely used in less invasive surgical 
techniques.[3]

Today, magnetic resonance imaging (MRI) 
has become one of the primary modalities 
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to diagnose and guide treatment in patients with 
gynecologic diseases, including staging gynecological 
cancers, examining the response to treatment and 
monitoring malignancies, determining surgical plans, 
and evaluating acute pelvic pain in emergencies.[4] 
MRI is a selective modality for evaluating suspected 
developmental disorders of the vagina, which may be 
isolated or accompanied by uterine anomalies. MRI is 
used for soft tissue examination with the benefit of no 
ionizing radiation, to diagnose and determine treatment 
plans.[5] MRI, for example, is functional for finding the 
location and determining the thickness of the vaginal 
septum, as well as for determining the treatment plan 
and identifying other potential causes of hematocolpus 
such as hymenal atresia.[6] MRI is also helpful in 
investigating pathological conditions. It is used for 
benign and malignant vulva, urethra, uterus, ovaries, 
and fallopian tubes; for example, in cervical cancer, 
MRI without contrast injection has a high resolution in 
examining soft tissue and can clearly show the location 
of the primary tumor extension and the extent of pelvic 
metastases.[7] Therefore, the ability to accurately diagnose 
tumor size, parametrial and pelvic sidewall invasion, 
bladder or rectal invasion, and lymph node metastases is 
helpful in disease management and treatment decisions. 
MRI has a high accuracy for diagnosis in the evaluation 
of parametrial invasion, with a sensitivity of 88%–97% 
and a specificity of 93%. Parametrial invasion can also 
be excluded entirely by MRI with a negative predictive 
value of 94%–100%, and MRI can determine the size of 
the primary tumor. Determination with 93% accuracy 
and primary invasion into the bladder and rectum can 
be excluded entirely in MRI with a predictive value of 
100%.[8]

In evaluating pelvic masses, MRI is more specific and 
accurate than ultrasound for characterization and is the 
modality of choice in doubtful female pelvic masses 
in ultrasound.[9] So, it is important to get the required 
skills for interpretation during the radiology residency 
curriculum. Unfortunately, in our department, there 
was not any modified protocol for education on this 
part of imaging, and the radiology residents showed 

flaws in pelvic MRI imaging interpretation. However, 
there was a limited number of image interpretations 
at our hospital. There were also several requests from 
levels 3 to 4 residents in our department for teaching 
this field of imaging. Despite all the benefits and 
applications, pelvic MRI is one of the challenging 
topics for radiology assistants due to its difficulty.[10] 
This study provides a longitudinal evaluation of the 
learning curve for female pelvic MRI interpretation 
among senior radiology residents using repeated 
assessments with structured feedback. Unlike prior 
cross‑sectional educational studies, it demonstrates not 
only progressive improvement in performance but also 
a reduction in score variance over time, indicating skill 
convergence and attainment of a stable interpretive 
competence. The proposed multi‑step training protocol 
offers a practical and reproducible model for advanced 
radiology education.

Based on learning curve and mastery learning theories, 
we hypothesized that structured training combined with 
repeated practice and expert feedback would result in 
progressive improvement and convergence of pelvic 
MRI interpretation skills among radiology residents. 
Accordingly, a conceptual framework was developed 
to illustrate the relationship between baseline skill 
level, educational intervention, repeated assessments, 
feedback, and learning outcomes [Figure 1].

Materials and Methods

Study design and setting
This longitudinal semi‑experimental study was 
conducted between 2023 and 2024 at Al‑Zahra Hospital, 
the main teaching hospital affiliated with Isfahan 
University of Medical Sciences, Isfahan, Iran. The study 
was designed to evaluate the learning curve of pelvic 
MRI interpretation among radiology residents following 
a structured educational intervention.

Study participants and sampling
A convenience sample of 20 third‑  and fourth‑year 
radiology residents was enrolled in the study after 

Figure 1: Conceptual framework of the learning process for female pelvic MRI interpretation among radiology residents. MRI = Magnetic resonance imaging
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obtaining written informed consent. All eligible residents 
who agreed to participate were included. There was no 
exclusion criteria related to prior pelvic MRI experience, 
and participants represented different baseline skill 
levels.

Data collection tool and technique
Participants completed seven consecutive pelvic MRI 
interpretation assessments, including one baseline test 
and six post‑intervention tests. The examinations were 
designed by the primary investigator and covered 
essential pelvic MRI interpretation topics, including the 
uterus, cervix, and ovaries. Each assessment consisted of 
previously unseen cases, and the maximum attainable 
score was 100.

The educational intervention comprised three 
structured pelvic MRI training sessions, followed by 
iterative group feedback sessions after subsequent 
examinations. Test intervals ranged from 1 to 4 weeks 
depending on residents’ schedules and national 
holidays. Image interpretation was performed using 
sent images or the PACS (Picture archiving and 
communication system)  system, depending on the 
test phase.

All answer sheets were anonymized and coded to ensure 
assessor blinding. A single experienced rater evaluated 
all examinations using standardized scoring criteria to 
maintain consistency.

To construct learning curves, the number of examinations 
represented the horizontal axis, and exam scores 
represented the vertical axis. Individual learning 
trajectories (Panel A), group mean learning curves (Panel 
B), mean curves with 95% confidence intervals  (Panel 
C), and score variance trends (Panel D) were generated.

Ethical consideration
The study (project ID: 3401553) protocol was approved 
by the Institutional Review Board of Isfahan University 
of Medical Sciences  (Ethics code: IR.MUI.MED.
REC.1401.415). All procedures were conducted in 
accordance with the Declaration of Helsinki, and 
informed consent was obtained from all participants.

Statistical analysis method
Descriptive statistics were reported as mean ± standard 
deviation (SD) for continuous variables and frequency 
and percentage for categorical variables. Changes in 
examination scores over time were analyzed using 
repeated‑measures analysis of variance  (ANOVA). 
When the assumption of sphericity was violated, 
the Greenhouse–Geisser correction was applied. 
Additionally,  repeated‑measures analysis  of 
covariance  (ANCOVA) was performed to adjust for 
residency year and baseline performance as potential 
confounders. Pairwise comparisons between consecutive 
examinations were conducted using paired sample 
t‑tests. Statistical significance was defined as a two‑sided 
P‑value < 0.05, and exact P‑values were reported. All 
analyses were performed using statistical package for 
the social sciences (SPSS) software (version 25.0; SPSS 
Inc., Chicago, IL, USA).

Results

In total, 20 third‑ and fourth‑year radiology residents 
participated in this study. Table 1 shows the Specifications 
of the tests and interventions before each test and the 
average and standard deviation of the scores of each 
test. Table 2 shows the scores of each resident on each 
test and the average and standard deviation of each test.

As summarized in Table  1, mean examination scores 
increased progressively over time, accompanied by a 
gradual reduction in score variability. Repeated‑measures 
ANOVA confirmed a significant time effect on 
performance (Greenhouse–Geisser corrected, P < 0.001). 
Pairwise comparisons  [Table  2] showed significant 
improvements following structured training and feedback 
phases, whereas intervals without new educational input 
demonstrated relative score stabilization.

We performed Mauchly’s Test of Sphericity, which 
was significant  (P  value  =  0.000), followed by a 
significant Greenhouse‑Geisser test  (P value = 0.000). 
The abovementioned tests showed an existing time 
process regarding different grades in different exams. 
The results of paired sample T‑tests are presented in 
Table 3. This test was performed to obtain the cut point 

Table 1: The Specifications of the tests and interventions before each test, and the average and standard 
deviation of the scores of each test

Date Number of Cases Test execution Method Training Before the Test Mean Standard Deviation
Test 1 23/2/2024 20 Sent pictures No training 17.80 13.687
Test 2 9/3/2024 20 Sent pictures Three offline training classes 28.30 12.690
Test 3 15/3/2024 3 Sent pictures No new training 57.20 20.529
Test 4 28/4/2024 3 Sent pictures No new training 64.10 19.309
Test 5 31/5/2024 6 Sent pictures Feedback and explanation of the previous test 58.90 16.973
Test 6 25/6/2024 6 Sent pictures Feedback and explanation of the previous test 74.50 17.572
Test 7 13/8/2024 3 View on PACS Feedback and explanation of the previous test 77.10 14.385
PACS: Picture archiving and communication system
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or the pattern of progress, but the cut point was not 
obtained [Table 3].

As shown in Table 3, the difference between the mean of 
consecutive exam scores is statistically significant only for 
exams 1 and 2, exams 3, and exams 5 and 6, as there is a drop 
in the mean of exam scores in exam 5 compared to exam 4.

In panel A, individual educational charts for each resident 
participating in the project are shown [Figure 2]. In panel B, 
the average learning curve of the group is drawn [Figure 3]. 
Panel C shows the average curve of the group (the mean 
curve) with 95% confidence [Figure 3]. In panel D, changes 
in the variance of exam scores are depicted [Figure 4].

Discussion

The primary aim of this study was to evaluate the 
learning curve of female pelvic MRI interpretation 

among senior radiology residents following a structured 
educational intervention. We hypothesized that 
repeated practice combined with targeted training 
and expert feedback would lead to both progressive 
improvement in performance and convergence of 
interpretive skills over time. Our results support this 
hypothesis. Repeated‑measures ANOVA demonstrated 
a significant time effect, confirming a learning process 
across consecutive examinations. The significant 
increases in mean scores following structured training 
and feedback phases indicate progressive skill 
acquisition, while the eventual reduction in score 
variance reflects convergence toward a stable and 
acceptable level of competence, consistent with mastery 
learning theory. The transient decrease in mean 
score observed in the fifth examination likely reflects 
increased case complexity rather than regression in 
learning. This finding underscores the non‑linear nature 
of learning curves and highlights the importance of 
repeated assessments over time rather than reliance on 
single performance metrics.

Due to the relatively small sample size, we could not 
stratify and analyze the scores based on the participants’ 
residency year through ANCOVA analysis. Our study 
found that all the third‑  and fourth‑year residents 
reached scores greater than 50 out of 100 after six tryouts. 
It should be noted that in our academy, third‑year 
radiology residents usually have no training or skills to 
interpret pelvic MRIs.

Table 2: The scores of each resident in each test and the average and standard deviation of each test. The 
maximum attainable score was 100
Resident’s Code Grade Ex 1 Ex 2 Ex 3 Ex 4 Ex 5 Ex 6 Ex 7
a 4 31 38 77 82 80 98 97
b 4 28 39 78 62 84 95 97
c 4 30 40 76 77 76 90 93
d 4 30 38 75 73 63 83 83
e 4 39 45 77 90 81 95 90
f 4 27 38 70 77 63 78 77
g 4 28 38 75 73 73 88 90
h 4 25 34 62 73 63 75 63
i 4 32 40 78 80 71 80 87
j 4 30 39 73 80 69 88 90
k 3 0 12 25 22 48 47 56
l 3 20 35 54 87 62 88 83
m 3 8 24 48 37 60 73 73
n 3 10 23 19 63 55 84 86
o 3 2 10 47 63 51 70 60
p 3 2 9.5 57 55 37 50 57
q 3 0 9.5 31 60 49 52 77
r 3 0 14 38 27 31 47 60
s 3 14 28 61 62 31 59 63
t 3 0 12 23 28 31 50 60
Mean 17.80 28.30 57.20 64.10 58.90 74.50 77.10
SD 13.687 12.690 20.529 19.309 16.973 17.572 14.385

Table 3: Comparison of consecutive exam scores 
using paired sample t‑tests
Executive 
exams

Mean SD 95% Confidence Interval 
of the Difference

P

Lower Upper 
Pair 1 Ex 1–Ex 2 −10.500 2.833 −11.826 −9.174 0.000
Pair 2 Ex 2–Ex 3 −28.900 12.138 −34.581 −23.219 0.000
Pair 3 Ex 3–Ex 4 −6.900 14.846 −13.848 0.048 0.051
Pair 4 Ex 4–Ex 5 5.200 13.851 −1.283 11.683 0.110
Pair 5 Ex 5–Ex 6 −15.600 7.373 −19.051 −12.149 0.000
Pair 6 Ex 6–Ex 6 −2.600 8.191 −6.434 1.234 0.172
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Previous studies have demonstrated the utility of 
learning curve analysis in medical imaging education. 
Like our findings, studies in radiology and ultrasound 
training have shown that structured educational 
interventions combined with repeated case interpretation 
significantly improve diagnostic performance over time. 
For example, prior research in radiology residents 
interpreting CT and MRI examinations has reported 
progressive improvement in accuracy following 
deliberate practice and feedback‑based learning models. 
Moreover, competency‑based educational frameworks 

emphasize not only improvement in mean performance, 
but also reduction in inter‑individual variability as 
indicators of skill mastery. Our observation of decreasing 
score variance in later examinations aligns with these 
models and suggests that the applied training protocol 
facilitates convergence toward uniform interpretive 
competence. Compared with prior studies that relied on 
cross‑sectional assessments, the longitudinal design of 
the present study provides a more robust depiction of 
the learning process in pelvic MRI interpretation.

Another study by Indrielle‑Kelly et al.[11] compared the 
learning curves of an ultrasound trainee (obstetrics and 
gynecology resident) and a radiology trainee when 
assessing pelvic endometriosis. Consecutive patients 
with suspected endometriosis were prospectively 
enrolled and underwent an ultrasound and magnetic 
resonance imaging, which was reported according to the 
international deep endometriosis analysis (IDEA) group 
consensus. Trainees reported deep endometriosis (DE), 
endometriomas, frozen pelvis, and adenomyosis. Using 
the Kappa agreement, their findings were compared 
against laparoscopy/histology and expert findings. 
Their study showed a positive learning curve in some 
areas of pelvic endometriosis mapping after as few as 
35 cases. Still, a more extensive caseload was required 
to demonstrate the curve fully. In our study, the number 
of cases in different exam trials was different, while 
the increasing scores over exam trials, even by a few 
cases [Table 2] implies that time interval and repetition of 
trials may be as important as the number of encountered 
cases in the advancement of learning curves.

Determining if MRI in diagnosing endometriosis is 
related to a radiologist’s expertise was the subject of 
another study by Saba et al.[12] This study was compliant 
with the STARD method. Thirty patients (mean age 34; 
range 21–45 years), who had undergone an MRI study 
for suspected endometriosis underwent surgery and 
were retrospectively evaluated. Sensitivity, specificity, 
and accuracy for the diagnosis of ovarian problems 
in the first analysis were 88.9, 87, and 88%; in the 
second, 92.6, 87, and 90%, whereas in the third, 92.6, 
91.3, and 92%. Sensitivity, specificity, and accuracy 
for the USLs in the first analysis were 62.5, 76.9, and 
70%; in the second, 72, 80.8, and 76%, whereas in the 
third, 80, 84.6, and 82%. Sensitivity, specificity, and 
accuracy for the diagnosis of vaginal fornix problems 
in the first analysis were 63.2, 64.5, and 64%; in the 
second, 73.7, 77.4, and 76%, whereas in the third, 73.7, 
83.9, and 80%. Sensitivity, specificity, and accuracy 
for the rectum\sigma\douglas  (RSD) in the first 
analysis were 39.1, 81.5, and 62%; in the second, 
62.5, 85.2, and 76%, whereas in the third, 73.9, 88.9, 
and 82%. The McNemar test indicated a significant 
statistical difference in sensitivity in detecting nodules 

Figure 3: Changes in the mean of group scores over time (Panel B) with 95% 
confidence intervals (Panel C)

Figure 4: Changes in the variance of exam results over time (Panel D)

Figure 2: The trend of exam scores over time for individual participants (Panel A)
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of endometriosis in RSD between the first and third 
analysis (P = 0.0215). The authors concluded that the 
accuracy of MRI in diagnosing endometriosis increased 
with the radiologist’s expertise, and the improvement 
was statistically significant in determining RSD 
involvement. Unlike Saba, we did not assess the 
specificity and sensitivity of participants’ reports 
according to the other diagnostic modalities and 
used the examiners’ interpretation as the standard for 
comparison and scoring. This may limit the value of 
the study protocol to the expertise of examiners.

Our findings align with and extend the results reported 
by Stanzione et al., who analyzed the learning curve 
of radiology residents interpreting MRI for deep 
myometrial invasion in endometrial cancer staging. 
They demonstrated a progressive improvement in 
diagnostic accuracy and inter‑observer agreement 
after structured, repetition‑based training. Like their 
results, our study showed a steady rise in interpretation 
scores and a decrease in variance across consecutive 
trials, indicating skill convergence among trainees. 
However, while Stanzione’s study focused on a 
specific oncologic diagnostic task within endometrial 
cancer, our protocol encompassed a broader range 
of pelvic MRI cases  (uterine, ovarian, and cervical), 
providing a more generalizable assessment of radiologic 
competency development. This comparison underscores 
that repeated exposure, standardized feedback, and 
competency‑based evaluation constitute effective 
pillars of radiology education across different imaging 
contexts.[10]

This study has several strengths. First, it employed 
a longitudinal repeated‑measures design, allowing 
precise evaluation of individual and group learning 
trajectories over time rather than relying on 
cross‑sectional comparisons. Second, the use of 
standardized assessments, identical scoring criteria, 
and a single blinded rater enhanced internal consistency 
and reduced measurement bias. Third, in addition 
to improvement in mean scores, the study uniquely 
examined changes in score variance, providing insight 
into skill convergence and stabilization, which is 
rarely addressed in radiology education research. 
However, some limitations should be acknowledged. 
The study was conducted at a single academic center 
with a relatively small sample size, which may limit 
generalizability. In addition, the absence of a parallel 
control group restricts causal inference regarding the 
effectiveness of the intervention. Finally, test intervals 
were not uniform due to scheduling constraints, which 
may have influenced the pace of learning. Despite 
these limitations, the study provides a practical and 
reproducible framework for evaluating learning curves 
in advanced imaging education.

Conclusions

This  s tudy demonstrates  that  a  s tructured, 
competency‑based training protocol incorporating 
repeated assessments and group feedback enables senior 
radiology residents to achieve stable and acceptable 
proficiency in pelvic MRI interpretation, regardless of 
baseline performance or residency year. From a health 
policy perspective, such standardized educational 
interventions can contribute to improving the quality 
and consistency of diagnostic imaging services, 
particularly in settings with limited case volume and 
training opportunities. Implementing similar protocols 
within residency curricula may support workforce 
capacity building, optimize educational resources, and 
promote uniform diagnostic standards across training 
centers. Future studies are warranted to evaluate the 
scalability and long‑term impact of this model on clinical 
performance and patient care outcomes.

Informed consent
All patients provided informed consent before 
participation in this study.
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