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BACKGROUND 
 

• Collagen and Hyaluronic Acid (HA) are found in the body   
in cartilage, tendons, blood vessels, bones, and more 

• Previous research demonstrates that HA gel swells when 
placed in solutions of varying concentrations of PBS in 
water (Fig.1), whereas collagen does not 

• The co-gelation of collagen with HA, followed by the 
swelling of the HA, induces a pre-stress in the unswelled 
collagen network, much like in native tissues (Fig. 2) 

• We want to determine the effect of collagen pre-stress on 
the overall tensile mechanical properties of the collagen-
HA co-gels, as well as the collagen fiber kinematics 

PROCEDURE 
 

• Four different gels were formed: 1x collagen gel (referred 
to as diluted collagen gel), 2x collagen gel (referred to as 
collagen gel), 1x HA gel, and collagen-HA co-gel 

• Gel solution was mixed, injected into a two-piece ring 
mold (Fig. 3a-b), and incubated for ~24 hours to set 

• Gel rings were placed around two grips and stretched to 
failure at 0.18 mm per second using an Instron biaxial 
testing machine (Fig. 4, 5a-c) 

• Camera and rotating polarizer were positioned to detect 
changing fiber angles 

• MATLAB was used to show changing fiber angle and fiber 
angle retardation 

• Microsoft Excel was used to plot stress vs. Green strain 
curve for each gel FUTURE EXPERIMENTS 

 

• Currently testing collagen-HA co-gels in PBS to obtain 
average fiber angle data, fiber angle retardation data, 
and stress-Green strain curve  

• Expect average angle of co-gel to approach 90°  
• Predict that angle retardation of co-gel will resemble 

that of diluted collagen gels 
• Anticipate maximum stress of co-gel to resemble that 

of diluted collagen gels 

RESULTS 
 

• Fiber angle retardation increased more significantly in collagen gels than in both 
diluted collagen gels and collagen-HA co-gels (Fig. 6a-b) 

• Average fiber angle approached 90° for all gel types (Fig. 7a-b) 
• Testing collagen gels in varying solutions had no effect on the stress (Fig. 8) 
• Maximum stress of diluted collagen gels was one fourth that of collagen gels (Fig. 9) 

CONCLUSIONS 
 

• Average fiber angle hypothesis was correct 
• Fiber angle retardation was less for diluted collagen gels 

and co-gel than for collagen gels (as predicted), but to a 
greater extent than expected, likely due to poor 
detection of  diluted gel fibers by camera 

• Maximum stress of diluted collagen gels was less than 
that of collagen gels, but by more then expected 

Figure 1:  Swelling of HA gel  
in distilled water due to osmosis 

 

Figure 2:  Pre-stress demonstrated in stress 
vs. Green strain of collagen gel, HA gel, and 
co-gel 

Figure 4:  Animation of gel 
placed on testing grips 

Figure 3b:  Two-piece ring 
mold, assembled 

Figure 3a:  Two-piece ring 
mold for casting gels, 
disassembled 

 

Figure 5a:  Gel before stretching Figure 5b:  Gel during stretching Figure 5c:  Gel breaking 

Figure 10f:  Diluted collagen gel 
retardation and fiber angles just before 
failure 

Figure 10e:  Collagen gel retardation and 
fiber angles just before failure 

Figure 10d:  Diluted collagen gel 
retardation and fiber angles during 
stretching 

Figure 10b:  Diluted collagen gel 
retardation and fiber angles before 
stretching 

Figure 10c:  Collagen gel retardation and 
fiber angles during stretching 

Figure 10a:  Collagen gel retardation and 
fiber angles before stretching 

 

• Retardation increases with time, and is overall of 
greater magnitude for collagen than diluted collagen 

• Average angle approaches 90° with time for all gels 

Figure 9:  Stress in collagen gel peaks at nearly four times 
that of diluted collagen gel 

Figure 8:  Stress vs. strain of collagen gel is not affected 
by solutions of varying PBS concentration in water 

Figure 7b:  Average angle of collagen-HA co-gel 
approaches a constant as fibers align 

Figure 7a:  Average angle of both collagen gel and diluted 
collagen gel approaches a constant as fibers align 

Figure 6b:  Retardation of collagen-HA co-gel resembles 
that of diluted collagen gel 

Figure 6a:  Retardation of collagen gel increases more 
than diluted collagen gel 


