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The anatomical connectivity of olfactory brain areas has been studied in rodents and macaques, 

but it has yet to be characterized in the human brain. Additionally, olfaction is the most 

commonly affected sense in aging. Olfactory deficits are seen years before the appearance of 

cognitive symptoms in nearly 90% of Alzheimer’s disease patients, and has been suggested as a 

potential biomarker for early diagnosis of the disease. Understanding human olfactory system 

anatomy may provide insight into the onset and progression of Alzheimer’s disease. In this study, 

we used an optimized diffusion MRI (dMRI) method to characterize human olfactory system 

anatomy.  

Young adult, normosmic subjects (n=25, 13 female) underwent olfactory perceptual testing with 

Sniffin’ Sticks, and a 1.5mm isotropic resolution dMRI scan (90 directions at b = 1000 s/mm2, and 

12 B0 volumes). We used a multi-shot EPI technique to reduce artifacts and improve signal in 

ventral olfactory brain areas. To identify anatomical areas, we collected 1.0mm T1- and 0.5mm 

T2-weighted scans. To segment out the lateral olfactory tracts (LOTs), we performed probabilistic 

tractography using a constrained spherical deconvolution model, with seed regions placed in the 

olfactory bulb and at a midway point along the LOTs. 

We were able to segment the LOTs in all subjects. However, in some subjects a small area of 

signal drop-out near the crossing of LOT and optic nerve resulted in two disjointed segments, one 

projecting from the bulb, and a second projecting into piriform cortex from the LOT seed. In other 



subjects, there was no gap and the tracts were continuous from the bulb to the piriform cortex. 

Using this data, we have generated an olfactory pathway template in MNI space, which may be 

used to identify the location of the LOTs in future studies. We plan to characterize second order 

pathways projecting from the piriform cortex, and to create “tract profiles” for each pathway 

using diffusion microstructure measures. The tract profiles will then be compared with olfactory 

perceptual scores to provide initial evidence for the function of each pathway. 

This study will provide a comprehensive characterization of the healthy olfactory pathways. In 

future studies, we will compare measures of olfactory pathway integrity in Alzheimer’s disease 

patients and cognitively normal elderly adults, to better characterize the effects of aging and 

neurodegeneration on the olfactory system. This may provide evidence for the development of 

an early, noninvasive olfactory neuroimaging biomarker for identifying elderly adults at risk of 

developing Alzheimer’s disease. 
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