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INTRODUCTION 
Studies describing the mechanical properties of the sclera 

can be found in the literature 1-10, including studies on healthy, 
pathophysiological and aging scleral tissue from different 
species and tested under various loading conditions. However, 
none was found to specifically address the role of the 
extracellular matrix (ECM) components in the mechanical 
behavior of the sclera. 

The sclera is the white outer covering and main load-
bearing tissue of the eye. It is mainly acellular and composed of 
four major constituents: collagen fibers 11-13, elastin fibers 12-15, 
proteoglycans (PGs) and associated glycosaminoglycans 
(GAGs) 12,13,17-19, other non-collageneous glycoproteins 12,13. 
The posterior sclera, the portion of the sclera closer to the 
option nerve head (ONH), is of primary interest in glaucoma as 
its mechanical properties are thought to govern the damage 
occurring at the ONH 20. It is known to be rich in aggrecan 
(composed of chondroitin and keratan sulfates) as well as 
chondroitin from other sources and dermatan sulfates 12,13,17. 

In this study, we develop a protocol to investigate the 
contribution of GAGs to the mechanical properties of the 
healthy porcine posterior sclera. GAGs have been shown to play 
an important role in the way the sclera responds to load 21. 
Beyond providing a fundamental understanding of the role of 
GAGs at a mechanical level, this study could allow one to get a 
better insight into mechanisms of initiation and/or progression 
of ocular diseases in which the sclera is known to play an 
important role, such as glaucoma, in a longer term goal.  

MATERIALS AND METHODS 
Specimen Preparation 

Porcine eyes from 6-9 month old animals (Animal 
Technology) were kept moist at 4°C until dissected within 72 
hours of animal death. In brief, extra-ocular fat and muscles 
were carefully removed using surgical scissors to obtain a 
“clean” scleral surface, the entire globe was mounted on a 

custom-made plastic holder, the cornea was cut open and the 
lens, vitreous humor, retina and choroid gently removed using 
tweezers, leaving a scleral cup ready for testing.  
Inflation Testing 

Inflation testing was chosen in order to keep the tissue as 
close to its physiological configuration as possible and avoid 
preconditioning effects 10. The scleral cup was mounted on the 
testing chamber, from which Dulbecco’s phosphate buffered 
saline (DPBS) could be injected or withdrawn using an 
injection line, connected to a syringe actuated by a MTS 
machine (MTS). The tests were pressure controlled, via PID 
control of the MTS based on a pressure transducer readings and 
followed a testing protocol implemented in the commercially 
available software TestWorks4. 
Three load-unload preconditioning cycles from baseline 1.55 
mmHg up to 30 mmHg, at 1 mmHg/sec, with 15 min recovery 
time between each cycle were defined, followed by a ramp-hold 
test up to 15 mmHg at 1 mmHg/sec, maintained for 20 min and 
a 30 min final recovery time. Testing was performed at room 
temperature, in a humidity chamber with minimum 90% 
humidity, before and after enzymatic treatment. 
3D Stereovision 

3D displacements of the scleral surface in response to 
pressure variations were tracked by digital image correlation 
(DIC), using a stereovision system and the commercially 
available software Vic3D 2010 (Correlated Solutions). The 
stereovision setup was composed of two monochrome cameras 
with resolution 2 Mpixels (Point Grey - Grasshopper, GRAS-
20S4M-C), mounted with 1X objectives with focal length 
35mm (Schneider – Kreuznach Xenoplan, 1.9/35mm-0901), 
allowing the acquisition of 8 bits monochromatic images. The 
cameras were setup with a 46° stereo angle. Speckling for DIC 
tracking was performed using a black ink spray. 
DIC Accuracy 
A confidence margin for the 3D out-of-plane displacement 
accuracy was obtained from Vic3D 2010. It represents a one-
dimensional standard deviation that combines uncertainty in 

Proceedings of the ASME 2012 Summer Bioengineering Conference 
SBC2012 

June 20-23, 2012, Fajardo, Puerto Rico 

SBC2012-80821



 2 Copyright © 2012 by ASME 

initial position and displacement and is calculated based on the 
speckle pattern quality, camera noise and camera position. 
Enzymatic Treatment 
Enzymatic treatment consisted in incubating the posterior pole 
of the sclera for 4 hours at 37°C, under mild agitation, in 2 
units/ml Chondroitinase ABC (Sigma, C2905), reconstituted in 
0.01% bovine serum albumin and further diluted in a Tris-buffer 
(50mM Tris, 60mM sodium acetate, 0.02% BSA) 22.  
Histology 
After testing, each cup was fixed in 4% paraformaldehyde for 
further histological analysis to confirm the removal of the 
GAGs in the region enzymatically treated. 

RESULTS AND DISCUSSION 
The results for one specimen are presented below. Pressure 

versus apex displacement curves (Fig.1), displacement maps at 
different pressures (Fig.2) and creep rates were obtained.  
Only one sample was fully tested and the GAGs removal has 
not been assessed yet, hence it is difficult to evaluate the 
treatment success and effect on the stiffness, although the creep 
rate was found to be higher after treatment than before with 
23.6 nm/s versus 30.4 nm/s in the first part of the creep curve 
and 7.91 nm/s versus 5.96 nm/s towards the end. The 
displacement of the ONH could not be tracked (Fig.2),  
probably because of the high stereo angle between the cameras, 
chosen to optimize the DIC out-of-plane displacement accuracy 
23 and reach a 0.5µm confidence margin.  

In the future, some main hypothesis will be discussed. First, 
the hypothesis that the absence of GAGs increases creep, GAGs 
being known as main regulators of fibril size, arrangement and 
organization 12 and small PGs most likely forming cross bridges 
between the fibrils 24. Second, the hypothesis that the absence of 
GAGs increases tissue rigidity, aggrecan playing a major role in 
tissue hydration and elasticity 17, or decreases it, as the loss of     

GAGs has been associated to an increase in sclera elongation in 
myopia 21. 

CONCLUSION 
The results presented here are preliminary. Many more 

specimens, loading conditions and enzymatic treatment times 
will be tested. 
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Figure 1. Pressure versus apex displacement curves for the third 

preconditioning cycle, before and after treatment. 

 

Figure 2. Displacement map at 30mmHg, before treatment. *: Apex. 
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