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Background

Problem Statement: There is no current device that can
apply physiological loads to the knee joint or osteochondral
cores while allowing for concurrent y-CT imaging

 50% of individuals w/ ACL tear develop Post-Traumatic
Osteoarthritis (PTOA) within 10-20 years*

 ACL reconstruction does not restore normal joint
biomechanics*

e Current testing methods lack ability to measure joint
mechanics and cartilage response under physiological
loading conditions®

 Glycosaminoglycans (GAGs): hydrophilic components
of cartilage’

 Low GAG — low osmotic pressure in tissue’

 Hexabrix: CT contrast agent to assess GAG spatial
distribution?

* Stretch ratio: A = L/L  (new length/original length)®
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Knee Loading Device

Objectives

 Apply physiological loads (10-45 N) to rabbit knee joint
 Allow adjustment of

o Knee Angle (60° - 150°)

o Total Load on Knee (O N -45 N)
e Micro-CT compatible

e Compact (110 mm Diameter x 300 mm Height)

Discussion Conclusion
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Experimental Design

Design Features

e Displacement Control

e Confined compression

e Porous Polyethylene
Platens

e Bioinert

e Micro-CT Compatible
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Figure 5. CAD model of core compression with final prototype

Experimental DeS|gn

Design Features

e Adjustable load via hex nut

e Load assessed via
displacement of spring

e Adjustable angle of leg via
index plate
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Spring

Nylon Threaded
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Figure 2. Diagram of
Loading Device

Figure 1. Labeled Compression Device

Core Compression

Objectives

e Apply compression of 10%, 20%, and 30%

e Fit within 50 ml tube

e Allow Micro-CT imaging during compression to assess
[A] Thickness
[B] Grayscale Variation (Hexabrix — GAG)

Experimental Procedure
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Figure 4.Compression using Hex nuts rotation with u-CT images

Results

% Hexabrix in cartilage decreases after compression
6.39% Hexabrix 6.15% Hexabrix

A=1.00 A =0.955 A =0.904 A=0.872
1.56 mm 1.49 mm 1.41 mm 1.36 mMm

Figure 6. u-CT images of cartilage at compression stages

Discussion Conclusion

( Actual cartilage compression is \ -/Cartilage can be compressed usingaﬂr

less than expected which may be device and y-CT images reveal change
because of the porous polyethylene in GAG distribution

platens which are soft and may Limitations:
deform during compression e Hex nuts must be turned manually

e % Hexabrix decreases after e Osteochondral core diameter must

compression which indicates that be = 3.2 mm to fit in device

there are more GAGs in cartilage Future Directions:

after compression (as expected) * Platens: PEEK Chromatography frits
\_ - \- Improve Python image analysis cod/e
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