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Titel:  Ciliary motility assessment by light-sheet laser speckle imaging 
 
Nasal cilia are the first line of defines against infection in the upper respiratory tract. 
Optical imaging methods have been used to acquire several indicators for assessing 
ciliary motility. Labelling-based methods, such as microbead labelling and ink labelling, 
have been able to accurately analyse ciliary beat frequency (CBF) and ciliary beat 
pattern (CBP). However, a label-free technique is always desirable if it could provide 
similar information or even more. Laser speckle imaging is a wide-field, non-invasive, 
label-free imaging technique with high temporal and spatial resolution. Here, we report 
a light-sheet laser speckle imaging (LSH-LSI) platform for assessing the cilia motility 
taking the advantage of its inherent optical sectioning capability. The experimental 
results demonstrated that LSH-LSI can measure the CBF reliably and distinguish the 
asymmetry of the power stroke and recovery stroke. More quantitative indicators, such 
as stroke period, and power-recovery peak ratio, are extracted from the velocity 
waveform to estimate the CBP. Further PIV analysis of the speckle image can also 
determine the motility direction at different strokes. 
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