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阿尔茨海默病（Alzheimer's disease, 
AD）是最常见的痴呆类型，其特征性病
理改变可在临床症状出现前 15~20年即
已发生。轻度认知障碍（mild cognitive 
impairment, MCI）作为 AD 的前驱阶段，
是早期识别与干预的关键窗口。目前，
脑脊液检测与淀粉样蛋白、tau蛋白正电
子发射断层显像虽可用于AD病理评估，
但因侵入性强、成本高、可及性差等局
限，难以在人群中广泛开展，临床亟需无
创、便捷、敏感的早期评估手段。

空间导航障碍已被证实是 AD 最早
出现的认知症状之一，其神经环路基础
高度依赖内嗅皮层-海马环路。虚拟空
间导航任务兼具生态有效度和可控性，
能客观检测空间导航功能，成为评估AD
早期空间认知损伤的重要手段。内嗅皮
层-海马区域是 tau病理最早累及的脑区。
血浆磷酸化 tau217（phosphorylated tau 
217, p-tau217）作为微创外周血标志物，
可反映 tau病理负荷，为 AD早期病理评
估提供重要参考，鉴于海马各亚区在结
构、功能及病理易感性上存在显著异质
性，其体积变化特征可为揭示AD早期空
间认知损伤的影像机制提供潜在线索。

基于上述背景，本研究纳入认知正
常者与 MCI患者，采用虚拟空间导航任
务评估空间导航功能，采集 3D T1WI 图
像后利用 FreeSurfer 分割海马亚区和内
嗅皮层体积，并检测血浆 p-tau217水平。
通过一般线性模型与偏相关分析，明确
各指标的组间差异及相关性；进一步采
用 logistic 回归和 ROC 曲线评估单一指
标及联合模型的分类效能。结果显示，
MCI患者存在显著的虚拟空间导航功能
下降、特征性内侧颞叶结构萎缩及血浆
p-tau217水平升高；虚拟空间导航障碍与
血浆 p-tau217水平及特定海马亚区萎缩
密切相关；联合三者构建的多模态模型
的分类效能优于单一指标。本研究提
示，虚拟空间导航是 AD 早期识别的无
创、敏感的行为学生物标志物，联合血浆
p-tau217与内侧颞叶精细结构，可为 AD
高风险人群的早期诊断提供多模态联合
新策略。详见内文第19页。
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About the cover

Alzheimer's disease (AD) is the most common dementia, with 
pathological changes beginning 15 to 20 years before clinical 
symptoms emerge. Mild cognitive impairment (MCI), as a 
prodromal stage of AD, represents a critical window for early 
detection and intervention. Conventional cerebrospinal fluid tests 
and amyloid/tau PET are invasive, expensive, and poorly 
accessible, underscoring the need for noninvasive, sensitive, and 
practical early assessment tools.

Spatial navigation impairment is one of the earliest cognitive 
symptoms of AD and is highly dependent on the entorhinal 
cortexhippocampal circuit. Virtual spatial navigation tasks, which 
combine ecological validity with controllability, offer an objective 
means to assess navigation function in early AD. The 
entorhinalhippocampal region is also among the earliest sites 
affected by tau pathology. Plasma phosphorylated tau217 
(p-tau217), a minimally invasive blood biomarker, reflects tau 
burden and provides valuable information for early AD 
assessment. Hippocampal subfields show marked heterogeneity in 
structure, function, and pathological vulnerability, and their 
volume changes may yield clues to the imaging mechanisms 
underlying early spatial cognitive decline.

In this study, we enrolled cognitively normal older adults and 
MCI patients. Virtual spatial navigation tasks were used to assess 
navigation function; 3D T1WI images were acquired and 
processed with FreeSurfer to segment hippocampal subfields and 
entorhinal cortex; and plasma p-tau217 levels were measured. 
General linear models and partial correlation analyses were 
performed to examine group differences and intercorrelations, 
followed by logistic regression and ROC curves to evaluate the 
classification performance of individual and combined models. 
Our results showed that MCI patients exhibited significant 
navigation deficits, characteristic medial temporal lobe atrophy, 
and elevated plasma p-tau217 levels. Navigation deficits were 
closely correlated with p-tau217 levels and atrophy of specific 
hippocampal subfields. A multimodal model combining all three 
indicators outperformed any single indicator. These findings 
suggest that virtual spatial navigation is a noninvasive and 
sensitive behavioral biomarker for early AD detection, and that 
combining it with plasma p-tau217 and medial temporal lobe fine 
structure offers a novel multimodal strategy for early diagnosis in 
individuals at high risk for AD. Please see text page 19.

TECHNICAL ARTICLES

 88  A comparative study on acquisition time and image quality of three different 

diffusion imaging sequences in the examination of acute cerebral infarction

LI Ting, LU Yuanyuan, LI Chuan, LAI Yinqi, FENG Rujing, LIANG Xiuqun, 

SUN Zhenmeng, HUANG Yan, DENG Demao

 95  Comparison of respiratory triggering and navigator triggering on image 

quality and scan efficiency of upper-abdominal T2-weighted imaging with 

fat saturation under the BioMatrix system

HAN Linmei, DU Taoming

 101 Comparative study of T1-mapping and RESOLVE DWI in the quantitative 

assessment of sacroiliac joint inflammatory activity in axial spondyloarthritis

ZHANG Xiao, YANG Shengsheng, CHEN Xianyuan, FANG Kunhua, YU Shun

REVIEWS

 109 Research progress on olfactory behavioral tests and MRI in the early 

diagnosis and intervention of cognitive decline in type 2 diabetes mellitus

WANG Shuang, LI Xin, ZHANG Wen, LU Jiaming, ZHANG Xin, ZHANG Bing

 114 Advances in MRI of the glymphatic system in cognitive impairment diseases

YANG Siyi, XIANG Yu, NIU Zhihao, LI Shiguang

 121 Progress in the application of four-dimensional flow magnetic resonance 

imaging in the central nervous system

YANG Chunxiang, LU Ji, ZHOU Heng, JIANG Tao

 128 Research progress of magnetic resonance imaging on central nervous system 

lesions in diabetes mellitus

ZHAO Yashu, YU Yi, WANG Jiayi, YANG Yifan, SUN Jingru, LIU Meixi, 

YANG Ling, KE Xianjin

 134 Research progress on the central mechanisms of acupuncture analgesia 

based on functional magnetic resonance imaging

LU Jinxian, YUAN Yuchun, WANG Ruirui, GUO Yiting, JIA Hongling, 

ZHANG Yongchen

 142 Advances of magnetic resonance hemodynamics in symptomatic intracranial 

arterial stenosis

SHI Wenlu, WANG Tianle, ZHU Li

 149 Advances in the application of diffusion-weighted imaging in the diagnosis 

and treatment of pituitary neuroendocrine tumors

JIANG Wan, YU Ying, WANG Minyang, LU Tingting, CUI Guangbin

 155 Research progress of blood oxygenation level dependent functional 

magnetic resonance imaging of spinal cord in spinal cord diseases

GUO Xianglin, CHEN Nan

 161 Research progress of magnetic resonance imaging technology in the 

assessment of blood-spinal cord barrier disruption

ZHANG Dingyu, LIU Yue, ZHANG Li

 169 Advances in metabolic imaging technology for nasopharyngeal carcinoma: 

From mechanisms to applications

WANG Yulin, REN Huanhuan, ZHANG Jiuquan, LIU Daihong

 175 Research advances in CMR for mitral valve apparatus abnormalities in 

hypertrophic cardiomyopathy

LU Jiahui, YANG Na, CHEN Zixian

 184 Research progress of multi-parameter MRI and radiomics in distinguishing 

HER-2-low and HER-2-zero expressing breast cancer

ZHANG Zhimeng, GUO Lantian

•Ⅴ•



 192 Functional magnetic resonance imaging in the progression of metabolic 

dysfunction-associated steatotic liver disease and metabolic 

dysfunction-associated steatohepatitis

ZHANG Jiarui, TANG Shuhong, CHEN Kai, ZHU Xiangqi, SHI Weijun, 

SUN Hongzan

 199 Imaging evaluation of functional constipation based on multimodal 

magnetic resonance imaging: from pathophysiological mechanisms to 

diagnosis and treatment

CHEN Chuci, LI Yikun, GUO Xiutian, LI Peng

 206 Research progress of MRI quantification in placenta accreta spectrum

NIU Zhihao, XIANG Yu, YANG Siyi, LI Shiguang

 214 Advances in radiomics research on platinum resistance in ovarian cance

ZHANG Shipeng, WANG Tao, SUN Bixia, CHAI Yongfeng, ZHANG Zhiqiang, 

YANG Wengang, ZHU Dalin, XIE Yijing

 219 Zero echo time magnetic resonance imaging in the skeletal system: 

Advances in clinical application

ZHAO Qianyu, WAN Tianrui, CHEN Xiaoxi

 226 Research advances in multimodal imaging techniques for the evaluation of 

multi-organ damage in chronic mountain sickness

ZOU Menglong, WEN Shengbao, LI Weixia, HOU Yuyin, YANG Zuqi, 

JI Buguogemo

•Ⅵ•


