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Summary 

Artificial Intelligence (AI) algorithms are widely used in 

healthcare nowadays. However, there are still fields where the 

application of these technologies could be challenging, such as 

rare diseases. In these cases, the main challenge arises from the 

reduced size of the available data sets. This paper proposes a 

data augmentation pipeline to address this challenge when 

using a Deep Learning (DL) algorithm to assess fibroblast 

cultures from skin biopsies to diagnose Collagen VI-related 

Congenital Muscular Dystrophy (COL6-CMD). Different data 

augmentation schemes are described in the literature. However, 

they must be used cautiously since they might result in 

overfitting. The results presented in this paper demonstrate that 

the right combination of data augmentation techniques results in 

a high diagnostic accuracy (up to 75.35% for the best approach) 

even with a scarce amount of data. 

1. Introduction 

Collagen VI-related Congenital Muscular Dystrophy 

(COL6-CMD) is a rare disease1 that produces deficiencies 

in the structure of the protein Collagen VI [1]. Depending 

on the severity, different manifestations can be found. 

Together with the low prevalence and the typically 

limited understanding of rare diseases, it results very hard 

to achieve the correct diagnosis [2]. The visual analysis of 

fibroblast cultures with optical and photonic microscopy 

technologies is one of the most relevant techniques to 

reach the precise diagnosis of this disease [3]. More 

specifically, confocal microscopy provides a high signal 

sensibility able of extracting detailed information even in 

intermediate and mild manifestations of the disease [4]. 

Microscopy images present Collagen VI networks such as 

                                                           

1 In Europe, a disease is considered as rare when its 

prevalence is below 1 in 2000. 

the ones shown in Figure 1. Different aspects are 

considered to assess them, such as the collagen fibres 

distribution and intensity or the nuclei shape, which might 

appear altered in pathological cases. Nevertheless, they 

are always inspected from the subjective point of view of 

the professional. For that reason, novel Artificial 

Intelligence (AI) techniques can provide more efficient 

and objective procedures to perform this task.  

  

Some studies have demonstrated the viability of 

implementing AI approaches for microscopy samples and 

rare disease diagnosis [5]. However, the reduced number 

of patients suffering from these types of diseases 

generates a clear limitation regarding the amount of data 

available, which represents the main difficulty when 

using these technologies. This is especially true in Deep 

Learning (DL), where samples must be as representative 

as possible so that the algorithm can determine the key 

features to correctly perform the task [6]. Thus, there is a 

critical demand for novel data augmentation approaches 

in this context.  

A few AI techniques have been applied to help on 

automatizing and accelerating the diagnosis process more 

quantitatively and objectively In COL6-CMD. In 2018, 

Figure 1 Example of control (left) and patient (right) 

confocal images of primary fibroblasts cultures. The collagen 

fibres are shown in green and the cell nuclei in blue 
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Bazaga et al. developed the first Computer-Aided 

Diagnosis (CAD) system for COL6-CMD based on a 

handcrafted DL algorithm trained with a small database 

formed by confocal microscopy acquisitions of primary 

fibroblast cultures extracted from skin biopsies. The 

homogeneous nature of the samples allowed for the 

generation of small, fixed-size image patches to generate 

a larger dataset without affecting the biological structure 

for identifying the disease. However, the technique 

implications in the algorithm performance were not 

analysed in detail [7]. 

This paper explores which are the key factors to consider 

when implementing a data augmentation pipeline to use 

DL technologies in a rare disease context. The COL6-

CMD is analysed as an example in a limited-available 

dataset scenario. Three different data augmentation 

techniques are explored. First, the patches generation 

approach from Bazaga et al. is extended by trying 

different patch sizes. Additionally, different degrees of 

overlap between patches are considered. Finally, standard 

data augmentation transformations are applied. 

2. Methods 

2.1. Dataset 

The amount of available data is crucial for an AI model to 

succeed. In 2018, the Neuromuscular Unit at the Research 

Institute of the Hospital Sant Joan de Déu together with 

the Confocal Microscopy and Cellular Imaging Unit 

started a database with fibroblasts culture confocal images 

acquired with a Leica TCS SP8 equipped with a white 

light laser and hybrid spectral detectors (Leica 

Microsystems GmbH, Mannheim, Germany). Confocal 

images, each consisting of 1024 × 1024 pixels, was 

accomplished using an HCX PL APO 20x/0.75 dry 

objective, with the confocal pinhole set to 1 Airy unit. 

Collagen VI fluorescence was excited by an argon laser 

(488 nm) and detected within the 500–560 nm range. 

Simultaneously, nuclei were excited with a blue diode 

laser (405 nm) and detected within the 420–460 nm 

range. To eliminate any potential channel interference, we 

employed sequential acquisition settings. Different 

images, called fields, are extracted from a single 

fibroblasts’ culture.  For each field, a series of ten 

sections, spaced 1.5 μm apart along the focal axis (Z-

stack), were acquired. These individual sections were 

subsequently integrated into a maximum intensity 

projection, resulting in a single comprehensive image. 

In 2022, this dataset contained 411 TIFF images, 221 

were labelled as controls and 190 as patients. They are 

extracted from 24 control biopsies and 19 patient 

biopsies. This images set is divided in training and testing 

subsets, with an 80-20% ratio respectively. It is crucial to 

remark that there is a dependency between the different 

fields extracted from the same cells’ culture. Thus, they 

cannot be considered as independent (i.e., all the fields 

from the same cells’ culture can only be assigned to either 

the training or the test set, but not split between them). 

  

2.2. Data augmentation 

The dataset size was not enough for training a 

Convolutional Neural Network (CNN) satisfactorily. For 

that reason, a data augmentation pipeline was developed. 

First, each image was split into small patches. In that way, 

the different patches could be classified individually to be 

posteriorly grouped at image level following a majority 

voting system. Different patch sizes were explored: 

64x64x, 128x128 and 224x224 pixels. Moreover, partial 

overlapping was considered to further increase the dataset 

dimension. The degree of overlap considered were 0%, 

25%, 50%, and 75%. Table 1 shows the resulting number 

of patches generated when applying the different 

combinations of data augmentation. Additionally, other 

transformations were performed on-the-fly. Such 

transformations are random rotations and horizontal and 

vertical flips, which were applied each time data was set 

into the network with a 0.5 probability. 

  Patch size (in pixels) 

  64x64 128x128 224x224 

O
v

er
la

p
 

0% 105.216 26.304 10.275 

25% 180.840 49.320 14.385 

50% 394.560 92.064 32.880 

75% 1.528.920 345.240 104.805 

Table 1 Number of total patches for the different patch 

sizes and the degree of overlap between patches, after 

manual data augmentation 

2.3. Convolutional Neural Network 

To classify the available images, we used the 

EfficientNetB0 network since it outperforms other 

alternatives with a relatively small number of parameters 

[8]. The network is initialized with pre-trained weights 

that are latter fine-tuned for the considered problem [9]. 

In this way, 5 epochs (with a batch size of 64) are enough 

for the training algorithm to converge. 

The reduced dataset size in these type of pathologies 

causes the model to be very dependent on the split 

between training and testing. For that reason, we follow 

the K-fold cross-validation technique: the results are 

averaged over five different training-test partitions [10]. 

Moreover, an accumulative confusion matrix for the five 

partitions is compute to generate more robust results. 

3. Results 

Both the training and test accuracies and the Area Under 

the Curve (AUC) were used quantify the model 

performance when applying different data augmentation 

techniques. Tables 2 and 3 summarize the obtained 

results. 
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   Patch size (in pixels) 

   64x64 128x128 224x224 

O
v

er
la

p
 

0% 
Train 95.44 ± 0.27 97.59 ± 0.24 97.91 ± 0.12 

Test 60.40 ± 2.08 62.54 ± 4.91 74.53 ± 3.79 

25% 
Train 97.00 ± 0.16 97.96 ± 0.15 98.52 ± 0.14 

Test 60.04 ± 4.48 67.12 ± 6.78 73.31 ± 4.86 

50% 
Train 98.25 ± 0.18 99.12 ± 0.18 99.17 ± 0.04 

Test 57.28 ± 5.26 64.57 ± 5.47 72.77 ± 4.76 

75% 
Train 99.32 ± 0.03 99.64 ± 0.01 99.61 ± 0.03 

Test 55.83 ± 4.62 66.8 ± 3.08 72.60 ± 2.94 

Table 2 Average train and test accuracies obtained with 

each combination of patch size and degree of patch 

overlap over the 5-fold cross-validation. The standard 

error is also shown. 

  Patch size (in pixels) 

  64x64 128x128 224x224 

O
v

er
la

p
 

0% 0.671 ± 0.036 0.659 ± 0.078 0.811 ± 0.041 

25% 0.612 ± 0.061 0.706 ± 0.105 0.809 ± 0.054 

50% 0.546 ± 0.092 0.733 ± 0.063 0.767 ± 0.061 

75% 0.562 ± 0.066 0.705 ± 0.047 0.792 ± 0.042 

Table 3 Average AUC obtained with each combination of 

patch size and degree of patch overlap over the 5-fold 

cross-validation. The standard error is also shown. 

 

Figure 2 Accumulative confusion matrix at patch level 

obtained with patches of 224x224 pixels, with no overlap 

between patches, and with standard data augmentation 

techniques applied on-the-fly.  

4. Discussion  

The implementation of DL techniques in healthcare is 

flourishing, largely due to the increasingly available 

medical data and to the more powerful computer 

resources. The main factor for a DL algorithm to succeed 

is to have enough available data. Otherwise, the learned 

model would not properly generalize the desired task. For 

this reason, the application of this technology to a rare 

disease, where data is severely limited, is a very 

challenging task that requires the development of data 

augmentation techniques [11]. 

 

Figure 3 Accumulative confusion matrix at fibroblasts’ 

culture level obtained after majority voting of patches of 

224x224 pixels, with no overlap between patches, and 

with standard data augmentation techniques applied on-

the-fly. 

Different approaches have been explored in this paper to 

deal with data limitations in a COL6-CMD clinical 

scenario. This disease presents alterations over a 

homogeneous collagen network, which allowed the 

generation of smaller patches to increase the number of 

samples, while preserving the complete biological 

structure [12]. However, the balance between the size and 

the overlap of these patches is key for the technique to 

succeed, since very small regions might not include 

enough biological information while big patches might 

not generate enough samples for effectively training the 

network.  

Results showed that it is possible to achieve a good 

performance when implementing a DL algorithm if the 

adequate data augmentation techniques are applied. The 

best results (with a 74.53% of testing accuracy) were 

achieved with the 224x224 patch size with no overlap. 

The results indicate that the smaller the patch, the worst 

the result. Regarding the overlap between patches, in 

general, no improvement appears when increasing the 

percentage of overlap. The higher the overlap, the larger 

the data set, but also the larger the possibility of 

overfitting the model, since the network is trained 

repetitively with the same sub-patches. This causes the 

testing metrics to decrease while the training metrics 

become higher [13]. This behaviour can be observed in 

Table 2, which suggests that overlapping patches might 

not be a relevant data augmentation technique for this 

type of biological samples and clinical context. The high 

AUC values confirm the capability of the model to 

correctly discern between classes. 

Standard on-the-fly data augmentation techniques in DL 

slightly improve the model performance, as expected 

[14].  

Control samples are more coherent between them, but 

patient samples are more diverse since the disease can 

appear in different manifestations and degrees of severity. 

Therefore, not both classes are classified equally 

correctly. The algorithm learnt to recognize patches 

coming from control cultures almost perfectly since only 
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14% of the total healthy patches were misclassified over 

the 5-fold cross-validation process. On the contrary, the 

patches extracted from patient biopsies are more complex 

to identify. In this case, 37% of the total patches were 

misclassified as control. At the biopsy level, using the 

majority voting approach, similar results were obtained. 

This confirms the effective extrapolation of this data 

augmentation technique at the person level, in order to 

give an indicative diagnosis to the person suffering from 

this disease.   

Alternative data augmentation techniques could be 

explored to complement this pipeline. One option could 

be to explore generative models such as Generative 

Adversarial Networks (GANs), which aim to learn to 

generate synthetic realistic images to enlarge the database. 

This is a complex task prone to mode collapse and the 

production of hallucinations. Nevertheless, it is a very 

promising field of work in which many advances have 

been recently done [15]. Additionally, shared protocols 

between different centres could be established to allow for 

sharing their data and increment the size of the image data 

sets. 

In conclusion, many aspects have to be considered for 

developing an effective data augmentation pipeline when 

applying DL techniques to a rare disease. The dataset size 

and organization, the knowledge about the underlying 

biologic structure, and the photonic techniques used for 

the image acquisitions requires professionals from 

multiple fields to work together. In this way, the 

challenges appearing when using DL techniques on the 

small datasets available in the context of rare and ultra-

rare diseases can be successfully overcome. 
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