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Abstract 

Bone age assessment is a crucial task in pediatric radiology for assessing growth and development in children. 

In this paper, we explore the potential of Vision Transformer, a state-of-the-art deep learning model, for bone age 

assessment using X-ray images. We generate heatmap outputs using a pre-trained Vision Transformer model on a 

publicly available dataset of hand X-ray images and show that the model tends to focus on the overall hand and 

only the bone part of the image, indicating its potential for accurately identifying the regions of interest for bone 

age assessment without the need for pre-processing to remove background noise. We also suggest two methods for 

extracting the region of interest from the heatmap output. Our study suggests that Vision Transformer holds great 

potential for bone age assessment using X-ray images, as it can provide accurate and interpretable output that may 

assist radiologists in identifying potential abnormalities or areas of interest in the X-ray image. 

 

 

1. Introduction 

Bone age assessment is a crucial procedure in pediatric 

endocrinology that helps in determining the level of skeletal 

maturity of a child. Fig 1 shows the process of ossification in 

pediatric patients and demonstrates how the degree of 

ossification in certain bones can be used as a proxy for 

assessing the bone age of a child. As children grow and 

develop, their bones undergo a series of changes that can be 

visualized on X-ray images, making bone age assessment an 

important tool for assessing growth and development. 

Traditionally, this has been done by expert radiologists, who 

visually examine the X-rays and make subjective 

assessments. However, recent advancements in artificial 

intelligence (AI) have led to the development of automated 

systems that can accurately estimate bone age with a high 

level of precision. In particular, the use of deep learning 

models such as Vision Transformers (ViT) [1] has shown 

promising results in various image-based tasks, including 

medical image analysis. In this paper, we present the results 

of our experiment on applying Vision Transformers (ViT) for 

bone age assessment using X-ray images of the hand and 

wrist. Specifically, we focus on the heatmap output of the 

ViT, which provides a visualization of the regions in the 

input image that the model identifies as most important for 

making its prediction. 

Fig 1. Ossification process of hand bones 

2. Model 

The ViT model consists of a sequence of self-attention 

layers, which allows the model to capture long-range 

dependencies in the input image. Unlike convolutional neural 

networks (CNNs), which use a fixed set of filters to extract 

features, the ViT model learns to attend to different parts of 

the image at different levels of abstraction. This makes it 

more adaptable to a wide range of image analysis tasks and 

enables it to learn complex patterns and features. In our 

proposed method, we use a pre-trained ViT model on a 

dataset of X-ray images of the hand and wrist. We use the 

ViT model to extract features from the input image, which 

are then used to predict the bone age of the patient. In 
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addition to the prediction, the ViT model also produces a 

heatmap output, which provides a visualization of the regions 

in the input image that the model identifies as most important 

for making its prediction. The heatmap output is particularly 

useful in medical image analysis tasks, as it provides an 

interpretable output that can help clinicians and radiologists 

identify potential abnormalities or areas of interest in the 

image. The heatmap can also be used as a diagnostic aid to 

identify potential developmental disorders or diseases that 

may affect bone growth. 

After generating the heatmap output from the Vision 

Transformer model, the region of interest (ROI) for bone age 

assessment can be extracted using two different methods. 

The first method involves extracting only the specific part of 

the image that is attended by the heatmap output. This can be 

achieved by applying a threshold to the heatmap output and 

extracting the region that exceeds the threshold. This 

approach allows for precise extraction of the most important 

features of the image, as identified by the model. The second 

method involves cropping a rectangle box shape around the 

area of interest in the X-ray image. This method is less 

precise but can be more practical in cases where the heatmap 

output is not well defined or the attended region is too small 

to extract. Once the ROI is extracted using either method, it 

can be used for bone age assessment. 

 

 

Figure 2. Two ROI cropping methods                 

for bone age assessment 

3. Result 

We used RSNA hand bone X-ray public dataset [2]. It is a 

collection of hand X-ray images that was made publicly 

available by the Radiological Society of North America 

(RSNA) as part of its annual Machine Learning Challenge. 

The dataset contains over 14,000 hand X-ray images, each 

labeled with the corresponding bone age of the patient. 

The results show that the Vision Transformer model tends 

to focus on the overall hand, especially wrist in X-ray images. 

Furthermore, the model appears to only focus on the bone 

part of the image while ignoring the background. These 

findings are significant as many previous studies have 

suggested the need for pre-processing X-ray images to 

remove background noise, which is typically considered to 

be irrelevant to the task of bone age assessment [3]. However,  

Figure 3. Input image (A) and generated heatmaps (B)   

using Vision Transformer for hand X-ray images 

our results suggest that this may not be necessary when using 

Vision Transformers, as the model appears to inherently 

focus only on the bone and ignore the background. This 

could potentially save time and resources in the pre-

processing step. Overall, our results suggest that this method 

can provide accurate and efficient bone age assessment 

results, while also providing an interpretable heatmap output 

that can assist radiologists in identifying potential 

abnormalities or areas of interest in the X-ray images. 

 

4. Conclusion 

Our results show that the heatmap output of the ViT can 

accurately identify the bones and regions of interest in the X-

ray images. Moreover, our experiments demonstrate that the 

heatmaps can be used as a diagnostic aid to identify potential 

abnormalities or developmental disorders in bone growth, 

which can assist radiologists in making more accurate and 

informed diagnoses. Overall, our study highlights the 

potential of using ViT for bone age assessment and suggests 

that the heatmap output can be a useful tool for radiologists 

and clinicians in this important diagnostic procedure. Further 

research is needed to evaluate the model's performance on a 

larger and more diverse dataset, as well as to explore its 

potential for other applications in medical image analysis. 
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