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基于深度学习的足踝关节骨损辅助诊断研究  

摘要：骨骼是人体的重要支撑组织结构，随着人口年龄结构的改

变以及人们生活水平的提高，踝关节骨损作为骨骼损伤中一种高发

疾病，受到越来越多的关注，它们易于发生、隐蔽性高、治疗昂贵

复杂、恢复周期长。踝关节骨损有多种类型，在临床诊断中小尺寸

的骨损和肌肉韧带损伤容易被忽视。基于智能算法的医疗辅助诊断

系统能够提升医生工作效率，减轻临床工作负担。但该领域的研究

面临着相关数据量不足，小尺寸骨损容易发生漏检等问题，因此现

阶段针对踝关节骨损检测以及提取骨骼几何物理信息的相关研究比

较缺乏。针对以上这些问题，本文做出以下工作： 

1.针对踝关节骨损数据不足的问题，本文构建了一个踝关节骨损

数据库，其由湘雅三医院骨科和影像科合作提供原始数据，包含

1852 张足踝关节 x 光片，其中 1246 张为非完全粉碎型骨损数据，

606 张为完全粉碎型骨损数据。非完全粉碎型骨损数据中有 511 张数

据为健康无骨损数据，735 张为骨损数据。据统计，数据的分辨率

均大于 2000×2500，骨损区域的大小不一，绝大多数都在 300×300

以下，最小的骨损区域尺寸只有 50×50，且骨损主要集中在踝关节

周围。通过整理和标注，建立了一个面向足踝关节骨损检测的数据

集，以及一个面向踝关节缝隙语义分割任务的数据集。 

2.通过分析以上骨骼原始数据集的特点，本文面临的问题如下：

由于完全粉碎性骨损数据的骨骼物理结构呈现出较大的离散性，该

类数据增加了辅助系统的训练拟合难度，对系统的稳定性干扰较大；

骨损区域在数据中的相对尺寸较小，容易出现漏检问题；在临床诊

断中，缺少经验的普通医生，很难仅通过 x 光片确诊肌肉韧带损伤

的问题。本文针对以上问题，提出一种基于神经网络的多阶段踝关

节骨损辅助诊断方案。该方案包含三个阶段，分别为：过滤干扰数

据阶段、识别踝关节阶段、骨损识别以及关节缝隙分割阶段。在过

滤干扰数据阶段，本文通过二分类网络过滤掉数据集中的完全粉碎

性骨损数据，只留下非完全粉碎型骨损数据，保证了系统后阶段不

受干扰数据的影响，在提升系统的稳定性的同时，减少系统网络的

训练难度；在识别踝关节阶段，本文将区域预测网络 RPN 融入到

Resnet 网络中，实现了对踝关节的识别，将识别出的踝关节作为下
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一阶段的输入，从而增加了小尺寸目标在输入数据中的相对比例，

提升系统对相对小目标的检测能力；在骨损识别以及关节缝隙分割

阶段，本文提出在目标识别算法中添加注意力机制优化特征网络结

构，提升系统对小尺寸骨损地识别性能。为了辅助临床医生更好的

识别肌肉韧带损伤，本文提出利用语义分割算法提取踝关节间隙。 

3.为了解决不同区域之间医疗资源不平衡的问题，让更多患者可

以享受同样优质的医疗资源，缓解医生工作压力，提升工作效率，

本文基于安卓系统开发了一套踝关节骨损自动检测系统。用户可以

在 App 上快捷方便的上传数据以及查看检测结果，也能邀请专家进

行联合会诊。 

相比只进行骨损分类的辅助系统，本文辅助诊断系统除了可以对

骨损进行精确定位，还提升了对踝关节相对小尺寸骨损目标的识别

能力，同时可以提取出踝关节间隙的几何信息，为骨科医生诊断肌

肉韧带损伤提供重要的物理参考依据。 

 

图 46 篇，表 14 个，参考文献 66 篇 

关键字：足踝关节疾病；目标识别；语义分割；辅助诊断系统；注

意力机制；肌肉韧带损伤 
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Research on Auxiliary Diagnosis of Ankle Joint Bone 

Damage Based on Deep Learning 

Abstract: Bone is an important supporting structure of the human 

body. With the changes in the age structure of the population and the 

improvement of people's living standards, ankle bone damage, as a 

high-incidence disease in bone injuries, has received more and more 

attention. They are prone to occur, highly concealed, expensive and 

complex to treat, and have a long recovery period.There are many 

types of ankle bone damage, where  small-sized bone damage and 

muscle or ligament injury are easily overlooked in clinical diagnosis. 

The medical assistant diagnosis system based on intelligent 

algorithms can improve the work efficiency of doctors and reduce the 

burden of clinical work. However, the research in this field faces the 

problems of insufficient data and missed detection in small-size bone 

damage. Therefore, at this stage, there is a lack of related research on 

ankle bone damage detection and extraction of bone geometry and 

physical information. In response to the above problems, this article 

makes the following work: 

1. Aiming at the problem of insufficient data on ankle joint bone 

damage, this paper constructs an ankle joint bone damage database. 

The original data is provided by the Department of Orthopedics and 

Imaging of the Third Xiangya Hospital. It contains 1852 foot and 

ankle x-rays, where 1246 are Non-complete comminuted bone 

damage and 606 sheets are completely comminuted bone lesion. 

Among the Non-complete comminuted bone damage data, 511 

pictures are healthy and non-damaged data, and 735 pieces are bone 

damage data. According to statistics, the resolution of the data is 

greater than 2000×2500. The size of the bone damage area is 

different. Most of them are below 300×300,but the smallest bone 

damage area is only 50 × 50.And the bone damage is mainly 

concentrated in the ankle joint around. Through sorting and labeling, 

a data set for the detection of bone damage in the foot and ankle joint 



IV 

and a data set for the task of semantic segmentation of the ankle joint 

gap were established. 

2. By analyzing the characteristics of the original bone data set , 

the problems faced by this article are as follows: Since the physical 

structure of the bones of the completely comminuted bone damage 

presents a large discreteness, this type of data increases the difficulty 

of training and fitting the auxiliary system. It has a large interference 

to the stability of the system. The relative size of the bone damage 

area in the data is small, and it is easy to miss detection .In clinical 

diagnosis, it is difficult for ordinary doctors who lack experience to 

diagnose muscle and ligament damage only through x-rays. Aiming 

at the above problems, this paper proposes a multi-stage ankle joint 

bone damage auxiliary diagnosis scheme based on neural network. 

This program consists of three stages: filtering interference data, 

identifying ankle joints, identifying bone damage, and segmenting 

joint gaps. In the stage of filtering interference data, this paper filters 

out the completely crushed bone loss data in the data set through the 

two-class network, leaving only the incomplete crushed bone loss 

data, to ensure that the system is not affected by the interference data 

in the later stage of the system. It not only improves the stability of 

the system but also reduces the training difficulty of the system 

network. In the stage of identifying the ankle joint, this article 

integrates the regional prediction network RPN into the Resnet 

network to realize the recognition of the ankle joint, and use the 

identified ankle joint as the input of the next stage . Thus this work 

increase the relative proportion of small-sized targets in the input 

data and improve the ability of system to detect relatively small 

targets. In the stage of bone damage recognition and joint gap 

segmentation, this paper proposes to add an attention mechanism to 

the target recognition algorithm to optimize the feature network 

structure .This work can improve the ability of system to recognize 

small-size bone damage. To assist clinicians to better identify muscle 

and ligament injuries, this paper proposes to use semantic 

segmentation algorithm to extract the ankle joint space. 
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3. In order to solve the problem of the imbalance of medical 

resources between different regions, meanwhile let more patients can 

enjoy the same high-quality medical resources, and doctors work 

easy, this article developed a set of automatic ankle bone damage 

detection based on the android system. Users can quickly and 

conveniently upload data and view test results on the App. Besides, 

users can invite experts for joint consultations. 

Compared with the auxiliary system that only performs bone 

damage classification, the auxiliary diagnosis system in this paper 

can not only accurately locate the bone damage, but also improve the 

recognition ability of the relatively small-sized bone damage target of 

the ankle joint. At the same time, it can extract the geometric 

information of the ankle joint space, which provides an important 

physical reference basis for orthopedic surgeons to diagnose muscle 

and ligament injuries. 

Figure 46, Table 14, Reference 66. 

 

Keywords: foot and ankle joint disease; target recognition; semantic 

segmentation; auxiliary diagnosis system; attention modeling, muscle 

and ligament injury 
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