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I 
 

摘 要 

颈椎病为临床常见病，其发病率呈上升趋势,其患者呈低龄化倾向。它常常

影响人们的工作与生活质量。研究发现颈椎病的发病原因与长期不良的生活习惯

密切相关，如不良坐姿和不良睡姿等，还与枕高不当有关。目前，睡姿和枕高的

研究主要集中在临床方面，采用统计调查、测量及影像学相结合的方法。大量研

究表明生物力学因素在颈椎疾患的发病机制中具有十分重要的意义。有限法成本

低且省时省力。但采用有限元法分析睡姿和枕高对颈椎应力影响的研究至今鲜见

报道。 

本文以正常人体头颈 CT 图像为原始数据，依次经过 Mimics 10.0、Geomagic 

Studio 11.0 及 Hypermesh 10.0 软件建立全颈椎的三维有限元模型，利用 Abaqus 

6.10 软件仿真分析仰卧状态与侧卧状态不同枕高（6cm、8cm、10cm 及 12cm）

下颈椎的应力特性。结果发现睡姿和枕高对颈椎应力均有重大影响。枕高相同时，

仰卧位与侧卧位椎体应力的分布不同，且仰卧位椎间盘应力的最大值大于侧卧

位；同样睡姿时，枕高增加使颈椎的应力增大。因此，从颈椎应力的生物力学角

度看，侧卧比仰卧更有利于颈椎的健康，且仰卧位枕高应低于侧卧位。这为人们

确定恰当的睡姿及适宜的枕高提供参考依据，也为枕头的设计提供参考意见，进

而有助于人们预防颈椎病。人们睡眠时应仰卧与侧卧交替，但以侧卧为主，且仰

卧位枕高应低于侧卧位。 

关键词：颈椎 有限元分析 睡姿 枕高 
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Abstract 

Cervical spondylosis is a common clinical disease. The incidence rate is rising. 

The patients showed a tendency of younger age. It often affects people's work and 

quality of life. Studies found that the cause of cervical disease is closely related to 

long-term bad life habits, such as poor sitting posture and poor sleeping position, etc. 

It is also related to the inappropriate height of the pillow. At present, the study of 

sleeping position and the height of pillow are mainly concentrated in the clinical 

aspects using survey, measurement and imaging methods. A large number of studies 

had shown that biomechanical factors were of great significance in the pathogenesis 

of cervical disease. The finite element method was a low-cost, time-saving and 

labor-saving method. However, the study that analysising the influence of sleeping 

position and the height of pillow on cervical spine stress by finite element method was 

rarely reported. 

Using Mimics 10.0, Geomagic Studio 11.0 and Hypermesh 10.0 softwares, 3D 

finite element model of the whole cervical spine was established based on the raw 

data from CT images of a normal human’s head and neck. The stress properties of 

cervical spine under different pillow height, namely 6cm, 8cm, 10cm and 12cm, were 

analyzed by Abaqus 6.10 software while sleeping on the back and side, respectively. 

The results showed that both sleeping position and pillow height exhibited a 

significant influence on the stress of cervical spine. Under the same height of pillow, 

the distribution of the vertebral body stress was different in the supine and lateral 

position. The maximum stress value of intervertebral disc under supine lying was 

higher than that of side lying with the same pillow height. The stress of cervical spine 

increased with the increment of pillow height under the same sleeping position. So 

from the viewpoint of biomechanics of cervical spine stress, side lying was more 

helpful to cervical health than supine lying, and the pillow height under supine lying 

should be lower than that of side lying. The results provided a reference for people to 
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III 
 

determine the proper sleeping position and a suitable pillow height. They also 

provided a reference for the design of the pillow. And then it is helpful for people to 

prevent cervical spondylosis. People should sleep on the back and side alternately, but 

sleep on the side mainly, and the pillow height under supine lying should be lower 

than that of side lying. 

Key words: Cervical spine; Finite element analysis; Sleeping position; Pillow height 
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第一章 绪论 

1 
 

第一章 绪论 

1.1 研究背景 

颈椎是承接头颅和连接脊柱的重要解剖结构，在整个脊柱中结构较为复杂和

特殊。它的活动度大，活动频率高，因而稳定性差。在日常生活、工作及运动中

颈椎承受各种负荷，而周围无胸廓及腹腔等保护，因此容易发生劳损，并出现退

变。尤其是颈椎椎间盘，不仅退变过程开始得较早，而且是诱发或促进颈椎其他

部位组织发生退变的重要因素。颈椎损伤在脊柱损伤中后果最为严重，由于其常

常结合脊髓损伤，故易导致高位截瘫甚至死亡。颈椎病常常影响着人们的工作和

生活质量，甚至对人们的身心健康造成严重危害。 

随着体力劳动逐渐转向脑力劳动，伏案工作增加，颈椎病成为国际性多发病，

其发病率占成人的 60%，在某些职业甚至高达 90%以上，已明显超过过去常见

的下腰痛。同时随着电脑的普及，生活节凑的加快，颈椎病患者呈低龄化倾向。

而且随着我国人均寿命的延长，此种以退行性变为基础的疾患必然随着年龄的递

增而成倍地增加。 

目前手术是治疗颈椎病的有效手段。每年行颈椎病手术的病人，美国大约有

5 万，中国大约有 2 万。虽然治疗方法有多种，但是治疗好转后，很多患者由于

各种原因又会导致病情的复发。可见，研究颈椎病的发病因素，积极采取措施预

防颈椎病的发生很有必要。 

国内外学者认为颈椎病与颈椎劳损，退变，颈曲改变，内外力平衡失调及颈

椎失稳的病因病理变化有关。此外，研究发现颈椎病的发病原因也与长期不良的

生活习惯密切相关，如不良坐姿和不良睡姿等，还与枕高不当有关。长期不良睡

姿会使颈椎局部长期应力过大而劳损，退化或骨质增生。而长期枕高不当使颈椎

内部产生有害应力，颈部肌肉劳损与松弛，破坏椎体间的正常连接关系，导致椎

间关节及椎间盘等退化[1,2]。此外，枕高影响颈曲[1,2]，枕高过高会使颈椎处于过

屈状态，而枕高过低会使颈椎处于过伸状态，这两种情况都会破坏正常的颈曲。 

人的颈部放松的最好时间是在晚上睡眠的时候，但由于人们习惯的但却是不
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