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The eyes are almost continuously moving while awake, and frequently during sleep.  During a blink the eyelid 

wiper accelerates to a speed of ~100 mm/s, approaches the lower eyelid, and then retracts back; the entire 

process takes place in ~100 milliseconds.  Maximum shear rate estimates are on the order of 104-105 1/s 

depending on the assumptions regarding the thickness of the shearing zone.  Given the gradient in mucin 

composition and concentration across the tear film, the fluidized zone may be increasing in response to the 

sliding speed to maintain a nearly constant shear stress during blinking and ocular movement. 
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1. Introduction 

Proteins are the building blocks of life, and cells secrete 
these macromolecules in abundance for cellular 

signaling, construction of extra-cellular matrices, and 

lubrication.  For lubrication, these macromolecules are 

often comprised of amphiphilic protein backbones with 

carbohydrate groups decorating the length of the 

macromolecule to promote hydration.  The mechanisms 

associated with organizing the macromolecules into gels 

are thought to rely on weak bonds across end-groups, or 

hydrophilic interactions across domains along the 

backbone.  The aqueous solutions are predominantly 

water with polyelectrolytes, and also contain soluble 

hydrophilic molecules such as phospholipids and small 
proteins thought to assist in organization and lubrication 

through bonding and passivation of hydrophilic domains 

respectively. 

 

The diverse array of mucins in the ocular environment 

are broadly divided into two categories – membrane-

attached mucins and secretory mucins.  The membrane-

bound mucins (e.g. MUC1) form the anchor layer for this 

gel network and the higher molecular weight secretory 

mucins (e.g. MUC5AC) develop into the lower density 

gel network.  These mucins create a gel-spanning 
network through physical crosslinks as opposed to 

chemical crosslinks. 

 

The weak physical crosslinks and the large mesh size of 

mucin gels result in a surface with an intrinsically low 

shear stress during sliding, due to the large mesh size, 

high water content, and low yield stress.  Once the shear 

stress exceeds a failure stress, the physical crosslinks 

break, shear thin, and then reform (heal) dynamically 

during the relaxation time between blinks. 

 

 
Figure 1: A schematic of the Expanding Shear Zone 

Model for Ocular Surfaces. 

 

2. Discussion 

This fragile gel-spanning mucin network acts like a 

mechanical fuse limiting the stress that can be transmitted 

to the underlying epithelial cells.  Ocular health and 

comfort are inexorably linked to the quality and stability 
of this functional fragile gel interface.  This tear film 

contributes to homeostasis on the ocular surface, 

maintains clarity across the cornea, and provides a 

physical barrier against foreign debris (e.g. pathogens, 

toxins, and particles) while permitting the rapid passage 

of selected gases, fluids, ions, and nutrients to the 

epithelial cells.  Tear film stability, lubrication properties, 

and rates of evaporation are all determined by the 

integrated composition of the tear film: proteins, mucins, 

and lipids. 
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