
The objective for this study was to compare material properties and 
characteristics of articular cartilage surfaces of three equine joints using a 
spherical probe in a CETR-UMT 3 tribometer. The loads which caused 
cartilage failure provide insight into the indentation depth each articular 
cartilage surface can withstand. The joints of interest included the fetlock, 
radiocarpal joint of the carpus, and femorotibial joint of the stifle. The fetlock 
and carpus are both hinge joints that serve as models for the human 
knuckles and wrist, respectively. The stifle corresponds to the human knee. 
 
We hypothesized that the joints of interest will differ significantly in their 
mechanical characteristics. This difference could be attributed to 
functionalities and lubricating mechanisms that are unique to each joint. 

Sample Preparation 
 Stifle, carpal, and front fetlock joints were harvested in pairs from 12 fresh 
adult equine carcasses (aged 0.25 to 24 years old) of horses euthanized for 
reasons unrelated to this study. Cartilage explants were taken from weight-
bearing surfaces of the medial femoral condyles, medial and lateral condyles 
of the third metacarpus, and the proximal articular surface of the radial 
carpal bone. Articular surfaces were isolated and resized to approximately 3 
cm x 3 cm for further testing.  
  
All samples were hydrated in saline throughout dissection and tested within 
24 hours of death. The average sample preparation time from the beginning 
of dissection of the joint capsule to sample immersion in saline was 
approximately 20 minutes. Samples were photographed and labeled with 
orientation to maintain consistency in sample placement and serve as a 
reference to the initial appearance of the cartilage. Contact with the samples’ 
cartilage surfaces during preparation was minimized to reduce damage to the 
articular cartilage’s superficial layer4. Pathological cartilage samples were 
eliminated from the study.  
 
 
 
 
 
 
 
 
 
 
 

 
 

Sample Testing 
Fresh cartilage samples were analyzed with a Bruker CETR-UMT 3 tribometer. 
Random selection of the left or right side limbs determined which set of 
samples would be tested. Samples were placed with cartilage surface 
upwards in the cylindrical dish. Throughout testing, each sample was 
submerged in saline. The tribometer’s mounted 5mm spherical aluminum 
probe was positioned over a single consistent position on each joint surface.  
This location tested was the weight-bearing part of each joint surface and 
was the only part of the cartilage surface that was tested. Target indentation 
depths of 10, 20, 30, 35, 40, 45, and 50% of the cartilage’s thickness were 
obtained with varying loads which were measured using a visually 
approximated 90° scanning angle to the cartilage surface.  
 
The cartilage thickness of each joint type was predicted by the average values 
measured by a previous work of this research group.  The probe applied a 
force necessary to reach the target indentation depth using a constant 
vertical displacement rate of 100 microns/s. Once the target indentation 
depth was reached, it was maintained for 600 seconds, after which the probe 
disengaged the surface by displacing vertically upwards. At this point, the 
probe disengaged from the surface without displacing the sample. A 
relaxation period of 300 seconds preceded the subsequent target indentation 
depth test. Each of the four fresh samples was tested at each of the seven 
indentation depths of interest for each horse harvested. 

The fluid load fraction and initial aggregate modulus of the solid were 
compared across all four joint surfaces using a mixed model ANOVA and 
Scheffe’s test for multiple comparisons. 
 

Fluid Load Fraction 
Fluid load fractions for carpus, fetlock, and stifle are all significantly different 
from each other (p < 0.0001). However, medial and lateral fetlocks do not 
differ from each other in fluid load fraction (p = 0.9988).  
 

Initial Aggregate Modulus of the Solid 
Medial and lateral fetlocks do not differ from each other in initial aggregate 
modulus of the solid (p = 0.9904). The initial aggregate moduli of the solid for 
cartilage of the carpus and fetlock were significantly greater than the initial 
aggregate modulus of the stifle (p < 0.0057 and p < 0.0107, respectively). 
However, initial aggregate modulus of the solid of cartilage of the carpus and 
fetlock were not significantly different from one another (p = 0.9718).  

This study compared the material properties and characteristics of the 
articular cartilage surfaces of three different equine joints. The medial and 
lateral fetlock condyles did not differ significantly from each other in any 
property. Future studies could potentially use one condyle as a 
representative sample.  
 
Furthermore, each joint utilizes the fluid component uniquely as 
demonstrated by their different fluid load fractions. The stifle’s unique initial 
aggregate modulus of the solid suggests it differs in how its cartilage’s solid 
matrix carries loads.  
 
The three joints of interest included the fetlock, radiocarpal joint of the 
carpus, and femorotibial joint of the stifle. The fetlock and carpus are both 
hinge joints that serve as models for the human knuckles and wrist, 
respectively. The stifle corresponds to the human knee. Artificial joints 
should be designed to mimic their natural counterparts’ properties. 
Therefore, it is plausible to predict that the artificial knee should differ from 
the wrist or knuckles in its Es and fluid load fraction. 
 
We concluded that the three joints of interest differed significantly in their 
initial aggregate modulus of the solid and fluid load fraction. The differences 
in Es and fluid load fraction could be due to various functions and lubricating 
mechanisms of each joint. 
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Healthy articular cartilage provides a gliding plane between joint surfaces 
which enables joints to bear stresses and forces. Once it has been 
compromised, cartilage can be difficult to repair because it lacks lymph, 
neurons, and blood supply. Therefore, an understanding of the 
biomechanical properties of cartilage could lead to the prevention and 
treatment of joint diseases. In this study, we report a set of mechanical 
characteristics of articular cartilage in various joints. The significance of this 
research includes defining specific mechanical characteristics of articular 
cartilage within equine joints thereby providing investigators a better 
understanding of the specific information needed to treat joint disease and 
design more physiologic artificial joints. 
 
Cartilage can be described by a biphasic model which is composed of solid 
and fluid components. The solid structure consists of type II collagen, 
proteoglycans, chondrocytes, and glycoproteins. These constituents capture 
the fluid within the interstitium of the cartilage and allow for flexibility, 
support, and reduced friction and damage in the joints. With an initial 
applied load, the interstitial water supports the load. However, under 
sustained load the cartilage’s unique properties can be observed2. The fluid 
load fraction describes the initial portion of the load on articular cartilage 
which is being supported by the fluid. The initial aggregate modulus of the 
solid matrix is a mechanical property which describes deformation 
tendencies of cartilage’s solid matrix. The portion supported by the solid load 
grows as the load is held and the fluid is squeezed from the cartilage3.  

Healthy articular cartilage is vital for normal joint function. Diseases of 
articular cartilage can lead to failure of the joint. Because articular cartilage is 
aneural, avascular, and alymphatic, cartilage damage can be difficult to 
correct by regeneration1. Therefore, an understanding of the biomechanical 
properties of cartilage could help prevent and treat joint diseases. 
 
Studies evaluating the effect of stress and strain on various equine articular 
cartilage surfaces have not been investigated. Twelve cartilage surface 
samples taken from the weight bearing aspects of the proximal radial carpal 
bone of the carpus, the medial femoral condyle of the femorotibial joint of 
the stifle, and the distal metacarpal III surface of the fetlock joint were 
studied with a Bruker CETR-UMT 3 tribometer. An indentation probe applied 
strain onto a cartilage surface. The fluid component of cartilage supports the 
initial load and is defined as fluid load fraction. The sustained load is 
supported by the solid matrix and is referred to as initial aggregate modulus 
of the solid. We hypothesized that joints differ in their abilities to withstand 
indentation forces and therefore differ in their fluid load fraction and initial 
aggregate modulus of the solid material properties. 
 
The strain measurements were statistically different among the joints, 
suggesting equine joints can bear different loads. This knowledge augments 
the understanding of material properties of joints with different functions. It 
also provides insight into preventing and treating injuries due to cartilage 
failure and offers useful information that will further improve the quality of 
artificial joint development. 
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