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Abstract. For a considerable amount of time, medical image processing has been an important 

topic of research in the field of medicine. The advent of deep learning technology has resulted 

in the development of revolutionary improvements in this particular sector. Because of its 

remarkable effectiveness in training enormous amounts of data and performing difficult tasks, 

deep learning has attracted a lot of attention. It has found extensive application in the analysis, 

diagnosis, and treatment of medical pictures. This work employs the literature review approach 

to examine and analyze the existing research conducted by academics on deep learning and 

medical imaging. It also provides a summary of the utilization of deep learning in medical 

imaging images and highlights the current development trend in this field. 
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1.  Introduction 

The utilization of deep learning on medical imaging images is emerging as a prominent and innovative 

research focus in the medical profession, driven by the ongoing progress in medical imaging technology 

and the growing prevalence of digital healthcare. Historically, conventional medical image processing 

techniques were constrained by the human construction of characteristics and identification of intricate 

illness patterns, and these techniques have progressively revealed their constraints. Deep learning is 

gaining significant interest and demonstrating immense potential in the realm of medical imaging due 

to its exceptional ability to learn features and recognize patterns. 

This study provides a thorough examination and analysis of the present research conducted by 

researchers on the intersection of deep learning and medical imaging. The assessment is conducted using 

the literature review approach, and it uncovers the transformative influence of deep learning technology 

in the field of medical imaging. This technique has the potential to enhance the precision and efficiency 

of medical imaging analysis, leading to earlier and more precise identification and diagnosis of 

suspected diseases and anomalies. In summary, the utilization of deep learning in medical imaging will 

catalyze transformations in the realm of medical diagnostics. It not only introduces technology 

advancements to the healthcare system, but also offers crucial assistance for the advancement of the 

future healthcare system. The use of this state-of-the-art technology will surely yield novel 

advancements in the field of medicine, foster the growth of personalized medicine, and offer enhanced 

medical services and treatment alternatives for patients. The emerging utilization of deep learning in 

medical imaging is poised to become a significant catalyst in medical research and clinical practice. 
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2.  Foundations of Deep Learning in Medical Imaging Image Processing 

2.1.  Theoretical foundations of deep learning 

Deep learning is a distinctive machine learning technique that efficiently learns and extracts features 

from enormous amounts of data by constructing a neural network structure with multiple layers. The 

primary element of this system is an artificial neural network that consists of input, hidden, and output 

layers. This network allows for the gradual acquisition of the underlying representation and abstract 

characteristics of data through intricate connections between neurons and alterations of their weights. 

Deep learning demonstrates significant promise in domains such as medical image processing due to its 

strong theoretical underpinnings [1]. Under the framework of deep learning, neural networks improve 

the network's ability to characterize data through back-propagation algorithms that continuously 

optimize the model parameters based on the difference between the predicted results and the actual 

labels. This end-to-end learning approach enables deep learning to adapt to various types of data, 

especially in medical image processing, where it can extract useful information from complex images 

and assist doctors in disease diagnosis and treatment planning. 

2.2.  Limitations of traditional image processing techniques 

Conventional image processing methods encounter several difficulties and constraints when applied to 

medical image processing. One significant issue is their reduced capacity to extract and depict intricate, 

conceptual characteristics. Traditional methods tend to use hand-designed feature extractors that may 

only be applicable to specific types of medical images and are difficult to generalise to different 

scenarios and datasets. This limits the applicability of traditional methods when dealing with diverse 

medical images. Conversely, conventional image processing methods are comparatively susceptible to 

noise and alterations, hence posing a problem in handling intricate settings and data in actual medical 

situations. Medical images are usually affected by a variety of factors, such as lighting, pose, and 

instrument effects, and traditional methods show relative vulnerability in dealing with these effects, 

making it difficult to achieve efficient and accurate processing of large-scale data [2]. 

2.3.  Convolutional Neural Network Theory 

Convolutional neural network (CNN) is a commonly used neural network structure in deep learning, 

and its theoretical basis lies in the extraction of local features in an image through convolutional and 

pooling layers, so as to achieve efficient learning and representation of images. The convolutional layer 

can effectively capture local information in the image through the sliding operation of the convolutional 

kernel to achieve feature extraction at different locations. The pooling layer, on the other hand, makes 

the network more computable by reducing the dimensionality of the features and retaining the main 

information while improving the computational efficiency [3] . The design of CNN is inspired by the 

understanding of the animal visual system in biology, and its structure is able to mimic the process of 

perception and understanding of images by human vision. In medical image processing, one of the 

reasons why CNNs perform well is that they can effectively capture the spatial hierarchy of images, 

which is suitable for processing complex texture, structure and lesion information in medical images. 

Due to the hierarchical structure and parameter sharing mechanism of convolutional neural networks, 

CNNs have achieved remarkable results in tasks such as medical image classification, segmentation, 

and detection. Its ability to automatically learn abstract features in images avoids the tedious process of 

traditional methods that require manual design of features and improves the generalization ability of 

different medical image data. 

2.4.  Applications of Convolutional Neural Networks 

Convolutional Neural Networks (CNNs) are widely used in medical image processing, covering several 

key tasks, including image classification, target detection, and image segmentation. Trained on large-

scale medical image data, CNNs are able to automatically learn and extract salient features from medical 

images, thus significantly improving the accuracy and efficiency of image processing [4]. In the medical 
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field, Convolutional Neural Networks are able to discriminate features of different diseases in image 

classification tasks, providing doctors with a powerful diagnostic aid. By training models to identify 

specific structures and lesions in an image, CNNs help to quickly and accurately locate abnormalities in 

a patient's body. In addition, in medical image segmentation, convolutional neural networks can 

effectively divide images into different tissue regions, providing a reliable basis for further analysis and 

surgical planning. Through successful applications in medical image processing, convolutional neural 

networks have become an indispensable tool in medical research and clinical practice. 

3.  Deep Learning in Medical Image Analysis 

3.1.  Classification of medical images 

There has been significant interest in utilizing deep learning networks for the purpose of classifying 

medical images. Hanqing Liu and other researchers conducted a comparison study to assess the 

performance of several deep learning networks. This study serves as a valuable reference for tasks 

involving the classification of medical images. Deep learning networks have extensive potential in the 

field of medical picture classification [5]. With the continuous development of medical imaging 

technology, a large amount of medical image data is generated, and how to effectively analyse and 

classify these data has become an urgent problem. The emergence of deep learning networks provides 

a new idea to solve this problem. By evaluating the performance of different deep learning networks, it 

is possible to better understand the performance of various networks on medical image classification 

tasks and provide guidance for practical applications. The results of a comparative study by Hanqing 

Liu et al. show that there are differences in the performance of different deep learning networks on the 

medical image classification task. Some networks performed well on specific tasks, while others showed 

stronger generalisation abilities in different scenarios. The results of this study provide an important 

reference for selecting network structures suitable for different scenarios. In practical applications, 

suitable network structures can be selected according to specific needs to obtain better classification 

results. 

In addition to evaluating the performance of deep learning networks, researchers such as En-Ze Zhu 

also conducted in-depth research on glioma medical image classification methods. Glioma is a common 

brain tumour, and early diagnosis and treatment are crucial for patient prognosis. By analysing the 

unique imaging features of gliomas, the research team proposed an effective classification method that 

provides technical support for the early diagnosis and treatment of gliomas. The classification method 

uses deep learning technology to automatically analyse medical images, improving the accuracy and 

efficiency of diagnosis. By training a deep learning network to identify image features of glioma, a 

diagnosis can be made quickly and accurately. The application of this technique is expected to improve 

the treatment prognosis of glioma patients and provide new ideas for the development of the medical 

image classification field [6]. The utilization of deep learning networks in the classification of medical 

images holds significant potential for extensive improvement. Advancements in technology and 

extensive research suggest that the future will witness the use of more novel techniques in medical 

picture categorization. These techniques will greatly aid in the early detection and treatment of diseases. 

Simultaneously, it is imperative to gather practical experience and enhance the network structure and 

algorithm performance in order to more effectively meet the clinical requirements. 

3.2.  3D medical image segmentation 

A three-dimensional medical image segmentation technology is the result of applying modern 

techniques, such as deep learning, to the field of medical imaging. Its purpose is to precisely detect and 

separate anatomical structures or regions of interest with abnormalities from 3D medical pictures. This 

technology is crucial in enhancing the precision of medical image processing and aiding clinicians in 

diagnosis and surgical planning. 

Li et al. have achieved notable advancements in the adaptive segmentation of 3D breast ultrasound 

images. They effectively accomplished the process of dividing breast ultrasound images into segments 
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using deep learning networks, resulting in a notable enhancement in the precision and sensitivity of 

identifying breast lesions [7]. This achievement is of great significance for the early diagnosis and 

treatment of breast cancer. The application of deep learning in the field of medical image analysis has 

become more and more widespread. By training deep learning models, we can extract rich information 

from medical images to provide powerful support for doctors' diagnosis and treatment. The study by Li 

et al. further demonstrates the potential of deep learning in medical image analysis and provides new 

ideas for the future development of medical imaging technology. 

Furthermore, Shuai Zheng et al. introduced a novel method for segmenting 3D liver images, in 

addition to the study conducted by Li et al. The approach relies on the integration of multi-scale features 

and a grid attention mechanism, enabling more precise segmentation of liver pictures and offering more 

comprehensive anatomical details for clinical diagnosis [8]. Multi-scale feature fusion is an effective 

method to extract useful information from features at different scales, which improves the perceptual 

ability of the model. The grid attention mechanism, on the other hand, allows the model to better focus 

on the important regions in the image, thus segmenting the structure of the liver more accurately. The 

method of Shuai Zheng et al. demonstrated good performance in experiments and provided a new tool 

for liver image analysis. This advancement is equally important for the diagnosis and treatment of liver 

diseases, and is expected to provide clinicians with a more accurate basis for diagnosis.  

3.3.  Low-dose CT imaging methods 

In recent years, there has been significant focus on low-dose CT imaging techniques in medical imaging 

research. The objective is to maintain image quality while minimizing the amount of radiation exposure 

for the patient. This procedure is primarily utilized for the initial screening and diagnosis of 

cardiovascular, neoplastic, and other ailments. 

Ning Cai and her colleagues introduced a novel approach for Micro-CT imaging with reduced 

radiation dosage, utilizing a progressive network processing technology. Through extensive 

enhancements to the network architecture, they effectively accomplished the high-fidelity reconstruction 

of low-dose CT images [9]. The research findings have substantial practical implications in the field of 

medical imaging. They not only enhance the visual quality of images but also efficiently minimize the 

radiation exposure for patients undergoing CT examinations. The ongoing advancement of medical 

technology has led to a pressing research focus on maintaining diagnostic accuracy while simultaneously 

minimizing radiation exposure. Conventional CT imaging techniques frequently necessitate elevated 

levels of radiation in order to achieve more distinct images, hence unavoidably heightening the 

likelihood of cancer in patients. The research findings of Cai Ning et al. offer novel insights for 

addressing this issue. In addition, Zhao Fei and other researchers conducted an in-depth study on the 

value of low-dose indirect method CT venography in the diagnosis of lower extremity varicose veins. 

They found that low-dose indirect method CT venography can clearly show the morphology and lesions 

of lower limb veins, which provides an important imaging basis for the diagnosis of lower limb varicose 

veins [10]. This finding is of great significance in improving the diagnostic accuracy of lower extremity 

varicose veins and the development of treatment plans. 

In order to verify the feasibility and effectiveness of the method, the researchers conducted a series 

of clinical trials. The results of the trials showed that the low-dose indirect method of CT venography 

has high sensitivity and specificity in the diagnosis of varicose veins of the lower limbs and can provide 

accurate diagnostic information for doctors. This finding is important for improving patients' quality of 

life and prognosis. 

3.4.  MRI image reconstruction 

MRI image reconstruction is an important research direction in medical imaging, and its main goal is to 

recover high-quality images of human structures from raw MRI data by computer technology. Congjun 

Liu et al. proposed a deep learning-based automatic segmentation algorithm for cardiac MRI images. 

They used a deep learning model for automatic segmentation of cardiac MRI images, which improved 

the quality and accuracy of the images. This method is important for the diagnosis and treatment of 
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cardiac diseases [11]. Wan-Lu Bai et al. investigated deep learning based MRI diagnosis and subtype 

identification of breast cancer. They analyzed breast cancer MRI images using deep learning models to 

achieve an accurate diagnosis and subtype identification of breast cancer. This method is valuable for 

improving the early diagnosis rate and treatment effects of breast cancer [12].  

4.  Trends and limitations of deep learning for medical imaging 

4.1.  Development Trends 

Considerable advancements have been achieved in utilizing artificial intelligence and big data in the 

field of ultrasound medicine. Artificial intelligence methods, including deep learning and machine 

learning, have significantly contributed to the recognition and analysis of ultrasound images. Through 

extensive training on a vast dataset of ultrasound images, artificial intelligence models may 

autonomously detect and pinpoint lesions, hence enhancing the precision and effectiveness of diagnostic 

procedures. Cheng Miaoxian et al. suggested that big data technology is extensively employed in the 

field of ultrasound medicine. Through the integration and analysis of a substantial volume of ultrasound 

pictures and clinical data, novel disease patterns and principles can be identified, offering valuable 

assistance in clinical decision-making. Furthermore, the amalgamation of artificial intelligence and big 

data is revolutionizing the approach to ultrasound medicine [13]. For example, with intelligent 

ultrasound devices, doctors can acquire and analyze patients' ultrasound images and physiological 

parameters in real time to achieve personalized and precise diagnosis and treatment. However, the 

application of AI and big data in ultrasound medicine still faces some challenges, such as data security 

and privacy protection, interpretability, and reliability of models, which need to be further researched 

and solved. 

4.2.  Limitations 

The utilization of deep learning in the domain of medical imaging has achieved significant 

advancements, resulting in substantial enhancements in the precision and effectiveness of medical image 

interpretation. Nevertheless, there are existing constraints when it comes to implementing deep learning 

in medical imaging, with the most notable being the inadequacy of algorithmic interpretation. Deep 

learning models are commonly perceived as "black boxes" due to their decision-making process lacking 

explicit explanations. This is a significant concern within the medical domain. Doctors need to 

understand the basis of the models' decisions in order to better trust and use them. The lack of 

interpretability also makes deep learning models perform poorly when dealing with outliers and edge 

cases, as doctors need to make judgements on a case-by-case basis. To address this issue, several 

research efforts have been devoted to improving the interpretability of deep learning models. For 

example, some studies have used interpretable machine learning techniques, such as gradient-boosting 

decision trees or integration learning, to improve the interpretability of deep learning models. These 

techniques can help doctors better understand the decision-making process of the model, thus improving 

their trust in the model. In addition, data labelling and quality issues need to be addressed for better 

application of deep learning models. Medical image data usually needs to be annotated by professionals, 

which is not only costly but also difficult to ensure the quality of the annotation. Therefore, how to 

improve the efficiency and quality of annotation has also become an urgent problem. In the future, deep 

learning is expected to play a greater role in the field of medical imaging, providing doctors with more 

accurate and efficient diagnosis and treatment solutions.  

5.  Conclusion 

This study concludes that deep learning has significant application potential in medical imaging image 

processing, which can effectively improve the level of automated processing of medical images and 

provide doctors with more accurate and rapid diagnostic support. Through deep learning algorithms, 

tasks such as classification, segmentation and recognition of medical images have achieved good results, 

bringing new possibilities to the field of medical diagnosis. 
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Although this study demonstrates the potential of deep learning in medical imaging, there are still 

some limitations, such as the lack of investigation and comprehensive research. Future research can 

further deepen the following aspects: carry out a more comprehensive dataset and sample survey to 

improve the robustness and generalisation performance of the algorithm; introduce multimodal medical 

imaging data, such as combining data from multiple sources, such as CT, MRI, etc., for comprehensive 

analysis; and strengthen the integration with actual medical practice to consider patients' individual 

needs and treatment plans. 

In the future, the development of deep learning in the field of medical imaging will focus on the 

following directions: algorithm optimisation and innovation to improve the accuracy and efficiency of 

deep learning in medical imaging analysis; deepening the application of deep learning in disease 

prediction, early diagnosis and optimisation of treatment plans, and promoting the continuous 

innovation of medical imaging technology. This will provide more possibilities for future medical 

diagnosis and treatment, and further improve medical standard.  
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