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Abstract
Background: Multiple sclerosis (MS) is one of the most common reasons of neurological disabilities 
in young adults. The disease occurs when the immune system attacks the central nervous system 
and destroys the myelin of nervous cells. This results in appearing several lesions in the magnetic 
resonance (MR) images of patients. Accurate determination of the amount and the place of lesions 
can help physicians to determine the severity and progress of the disease. Method: Due to the 
importance of this issue, this challenge has been dedicated to the segmentation and localization of 
lesions in MR images of patients with MS. The goal was to segment and localize the lesions in the 
flair MR images of patients as close as possible to the ground truth masks. Results: Several teams 
sent us their results for the segmentation and localization of lesions in MR images. Most of the 
teams preferred to use deep learning methods. The methods varied from a simple U-net structure to 
more complicated networks. Conclusion: The results show that deep learning methods can be useful 
for segmentation and localization of lesions in MR images. In this study, we briefly described the 
dataset and the methods of teams attending the competition.
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Introduction
Multiple sclerosis  (MS) is an autoimmune 
disease which is the main reason of neural 
disabilities among young adults.[1‑11] The 
disease arises when the central nervous 
systems is attacked by the immune 
system. The main reason of MS is still 
uncovered; however, it is believed that 
factors such as genetic records, smoking, 
or Vitamin D shortage can be effective in 
disease occurrence.[1,5,9] As a result of this 
attack, the myelin sheaths of neurons are 
destroyed, which results in appearing white 
lesions in the magnetic resonance  (MR) 
images of the brain.[1‑8] These lesions can 
be seen in periventricular, white matter, 
juxtacortical, and infratentorial parts of the 
brain. Determining the size and the number 
of lesions in addition to their places in the 
brain is of high importance for definitive 
diagnosis of MS based on the McDonald 
Criteria.[1,5,8‑10]

MR images are the mostly used tools for 
MS diagnosis. By injecting gadolinium, 
the place and the size of the lesions can 
be shown in the MR images.[1‑3,5,6,8‑10] 
Segmenting the lesions and localizing them 
are usually done manually. However, these 
tasks are difficult and time‑consuming, 
which bring this idea in mind if machine 
learning methods can be helpful for 
segmenting and localizing the lesions 
automatically.

In recent years, artificial intelligence  (AI) 
has been increasingly become attractive in 
the diagnosis of different diseases. AI can 
increase the precision, quality, and speed 
of diagnosis based on different medical 
images. It can also predict the possible 
occurrence of diseases, such as different 
cancers, for a patient. From this point of 
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view, AI is now playing a vital role in preventing different 
diseases and their financial and emotional burdens for the 
society and also in improving the quality of treatments and 
patients lives.[12‑14]

Considering this reality, AI has also been exploited for MS 
diagnosis and also detection, segmentation, and localization of 
MR lesions for MS patients. Using AI can increase the quality 
of lesion segmentation and localization, which is extremely 
important for accurate diagnosis of MS disease.[15‑23]

A challenge focusing on deriving new AI‑based methods for 
MS lesion segmentation was hosted by the Isfahan National 
Elites Foundation in IAI2023. The goal of this challenge 
was to provide novel and effective AI‑based methods for 
segmentation and localization of the lesions in MR images 
of patients with MS. The challenge was to segment lesions 
in 3D MR images of patients as close as possible to the 
ground truth mask images, in addition to localize the 

lesions and determine if they were in periventricular, white 
matter, juxtacortical, or infratentorial parts of the brain. In 
the following sections, complete description of the dataset, 
evaluation methods, finalist team’s methodology, and 
results are presented.

Dataset description

The dataset consists of FLAIR images of 81  patients 
captured with MR imaging system  (MRI Siemens Avanto 
scanner system, 1.5 Tesla, Henkestr Erlangen) in Kashani 
Hospital. The 3D images were in NIFTI format with 
size 160  ×  256  ×  236. For each case, a 3D mask image, 
with the same size of the corresponding MR image, in 
which the lesions were localized was also available. The 
images contained lesions in periventricular, white matter, 
juxtacortical, or infratentorial parts of the brain, where 
the lesions in different places could be identified by their 
intensities in the gray scale images. Only few slices of a 

Figure 2: Architecture of the network used by Legends. LSTM: Long short‑term memory

Figure 1: Magnetic resonance imaging slice of a patient containing several lesions in different places of the brain in addition to its corresponding mask 
slice, in color and gray scale formats, which show the segmented lesions. Lesions in different places of brain have been shown with different intensities 
or colors, where in the colored image, the red, green, blue, and yellow colors correspond to lesions in periventricular, white matter, juxtacortical, and 
infratentorial, respectively
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3D MR image of a patient with MS contained lesions. An 
example for an MRI slice with several lesions along with its 
corresponding mask slice  (in color and grayscale formats) 
is illustrated in Figure  1. lesions in different places of the 
brain were distinguished by different intensities (intensity 1 
to intensity 4).

In the training phase, the teams received 50 3D MR images 
and their respective masks, for training their networks. 
Then, the first test dataset, including 25  3D MR images 
without their respective ground truth masks, was given to 
the teams. The task was to segment different lesions in 
addition to localize their places in the brain. The received 
results were comprehensively evaluated and the selected 
teams were invited as finalists to the last round of the 
competition, held in Abbasi Hotel. The  finalists received 
the second test dataset containing the remaining 6 3D MR 
images without their ground truth masks.

Evaluation of the methods

After receiving the first test dataset, the teams had to 
send their resulting masks for the MR images of the 
first test dataset in addition to a comprehensive report 
including their methodology and approach details. The 
results were evaluated qualitatively and quantitatively. 
The quality of the methods was evaluated based on the 
following criteria:
1.	 The novelty of the method
2.	 Quality and clarity of the report
3.	 Rationality of the method and parameter settings
4.	 Visual performance of lesion segmentation and 

localization.

The received results were also evaluated quantitatively 
using the following criteria:
1.	 Average Dice score, defined as

2 ,
2

P
score

P N P

TDice = 
T + F + F

2.	 Average sensitivity, defined as

P

P N

TSensitivity = ,
T + F

3.	 Average precision, defined as

,P

P P

TPrecision =
T + F

Where

Tp is the number of pixels which contain lesion and have 
been segmented correctly, Fp is the number of pixels which 
do not contain lesion and have been segmented incorrectly, 
and FN is the number of pixels which contain lesion and 
have been segmented incorrectly.

Furthermore, the precision in the localization of the 
lesions was calculated by centroid distance measurement. 
The mentioned criterion computed the Euclidian distance 
between the geometric center of the ground truth masks 
of the lesions and the geometric center of the segmented 
lesions.

The criteria have been calculated for each of 4 intensities 
(lesions in periventricular, white matter, juxtacortical or 
infratentorial parts of the brain). Based on the metrics, the 
finalists were invited to the second and the last competition 

Figure 3: Architecture of the network used by AITech
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phase. The finalists received the second test dataset, 
including 6  3D MR images without the ground truth 
masks and derived the results for lesion segmentation and 
localization. The results were evaluated qualitatively and 
quantitatively using the mentioned metrics. Based on the 
evaluations, the winners were ranked as follows:

•	 First team: Legends
•	 Second team: AITech.

The details of the methods of the finalists in addition to 
their results are presented in the following sections.

Description of the Methods
The methods of the finalists were reviewed briefly in the 
following subsections.

Legends

For the segmentation task, a network consists of five 
consecutive convolutional layers was exploited. The 
number of convolutional filters from the first to the fifth 
layer was 32, 64, 128, 256, and 512, respectively. The 
input of the network in each stage was an 128  ×  128 
image. Finally, the output of the network was derived using 
a soft‑max activation function.

For the localization task, long short‑term memory  (LSTM) 
networks were used. Therefore, in each layer of the previous 
network, an LSTM network was added. The number of 
memory units of the LSTM network in each layer was equal 
to the half of the convolutional filters which were used in that 
layer. The structure of the designed network by Legends is 
illustrated in Figure 2.

AITech

The AITech team exploited a U‑net architecture with 
different contracting and expanding steps and filter sizes for 
the segmentation and localization of the lesions. The values 
in the mask images were normalized into  (0  1)  (instead 
of 0–4) for handling them with the sigmoid activation 
function in the last layer of the network. The architecture 
of the network used by AITech is shown in Figure 3.

Finalist team’s results

The results of the finalist for the first and second test 
datasets are summarized in Tables  1‑4. For a more 
clarification on the results presented in Tables  1‑4, the 
following definitions are used:

1.	 First test dataset: A dataset including 25 3D MR images 
without their respective ground truth masks, which 
received by the teams after the training phase. This 
dataset was used for selecting the finalists

2.	 Second test dataset: A  dataset including 6  3D MR 
images without their respective ground truth masks, 
which received by the finalists in the last round of 
the competition. This dataset was used for ranking the 
finalists.

Table 3: Segmented and detected lesions for the second 
test dataset

Group Number of 
ground truth 

lesions

Number of 
detected 
lesions

Number of 
segmented 

lesions
Legends

Intensity #1 77 57 171
Intensity #2 68 27 110
Intensity #3 50 29 160
Intensity #4 18 6 20

AITech
Intensity #1 77 59 178
Intensity #2 68 29 119
Intensity #3 50 22 72
Intensity #4 18 0 0

Table 2: Quantitative results of the finalists for the 
second test dataset

Group Dice Sensitivity Precision
Legends

Intensity #1 0.526 0.578 0.538
Intensity #2 0.140 0.096 0.357
Intensity #3 0.251 0.197 0.357
Intensity #4 0.167 0.121 0.317

AITech
Intensity #1 0.482 0.598 0.461
Intensity #2 0.177 0.195 0.202
Intensity #3 0.241 0.210 0.339
Intensity #4 0.000 0.000 0.000

Table 1: Quantitative results of the finalists for the first 
test dataset

Group Dice Sensitivity Precision
Legends

Intensity #1 0.51 0.144 0.384
Intensity #2 0.186 0.144 0.384
Intensity #3 0.241 0.199 0.365
Intensity #4 0.207 0.225 0.328

AITech
Intensity #1 0.468 0.133 0.133
Intensity #2 0.133 0.151 0.146
Intensity #3 0.107 0.082 0.276
Intensity #4 0.000 0.000 0.000

In Tables  1 and 2, Dice score, sensitivity, and precision 
of the two groups for lesion segmentation of the first and 
second test datasets are presented. In these two Tables, the 
scores for segmentation of each individual intensity are 
presented. In Tables  3 and 4, the localization accuracies 
of the finalists for localizing the lesions with different 
intensities and for each test image are presented. In 
Table  3, the number of ground truth lesions with different 
intensities  (for all of 6 test images) in addition to the 
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number of segmented and detected lesions with different 
intensities for each group are presented. Noted that the 
detected lesions are the lesions which have been segmented 
correctly. In Table  4, the average centroid distances for 
each test image and for different intensities are reported. 
The results show the precision of each team for the lesion 
localization. For undetected lesions, the average centroid 
distance was replaced by 100.

Based on the evaluation results and by considering the 
visual outputs and the novelty of the methods, the Legends 
and AITech were ranked as the first and second winners, 
respectively.

Conclusion and Future Perspective
Effectiveness of AI tools for the detection and prediction 
of different disease has been proven in different studies. 
In this challenge, the aim was to use AI methods for 
segmentation and localization of lesions in MR images 
of patients with MS. All of the finalist teams preferred to 
use deep learning methods for these tasks. The networks 
varied from simple U‑nets to a more complicated network 
proposed by “Legends.” As the results show, deep learning 
methods have the ability for segmentation and localization 
of the lesions. However, the results show that still there is 
a significant gap between the acquired results and desired 
accuracies for a trustable MS lesion segmentation. This 
issue can be investigated by researchers in future studies.
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