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Introduction 
Despite the widespread of mouse models of osteoarthritis, the assessment of biomechanical properties in these tiny joints remains very challenging. Our research group recently 
developed an automated indentation mapping technique that can reveal the biomechanical properties of entire articular surfaces in large joints1,2. The purpose of this study was 
to evaluate the applicability of this technique to mice articular surfaces. 
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Fig. 5: Mapping of load at 10 μm (right and left joints values has been averaged and displayed on the right joint). 
The distribution of the load at 10μm (mean ± SD) was 5.7 ± 2.7 g for the tibial plateau and 7.8 ± 4.1 g for the femoral 
condyles. It takes approximately 1 minute for each indentation measurement (≈25 positions for each condyles and ≈ 
40 positions for each tibial plateau).  
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 Right and left knee joint of an 8-week-old C57Bl/6 male mouse. 
 

 Articular surfaces were attached to a testing chamber filled with 
PBS and equipped with a camera-registration system 
(Biomomentum, Canada).  
 

 A position grid was superimposed on the image of the sample 
(Fig. 1) for a mechanically-controlled surface mapping. 

 Mechanical properties were first mapped ex vivo (1 
measurement per site) using the automated indentation 
mapping and then mapped for thickness using the 
automated thickness mapping. 
 

 Following biomechanical testing, the articular surfaces were 
fixed in 4% paraformaldehyde for histomorphometry 
purposes only. 
 Fig. 1: Articular surfaces (right knee joint) with position grid superimposed 

Fig. 3:Mach-1 v500css 

Automated Indentation Mapping 

Automated Thickness Mapping 

 A needle probe replaces the spherical indenter and is 
installed under the load cell of the mechanical tester.  

       Note that needle size and load cell type are still under optimization. 

 A vertical needle penetration test is performed at each 
position of the grid (Fig. 1) leading to a force vs. 
position curve (Fig. 6). 

 Cartilage surface corresponds to the position where 
the force starts to increase (2X resolution), the 
subchondral interface to the sharp increase in force 
and the vertical thickness to their difference. 
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Thickness = Vertical thickness x cosine 
(surface orientation (obtained previously)) 

Fig. 2: Spherical Indenter 

Steps performed at each position: 
1) Measure the contact coordinates (x, y, z) at each 

position of the grid(Fig. 1). 
2) Measure the contact coordinates at 4 neighboring 

locations (x = y = ± 100 m) and calculate 
surface orientation. 

3) Perform perpendicular indentation by using the 3 
displacement components simultaneously to 
provide perpendicular displacement based on the 
measured surface orientation. 

4) Calculate the normal force using the multiaxial load 
cell component (Fx, Fy and Fz). 

Fig. 6: Load vs Position curve and surface orientation 

 A spherical indenter (r = 175 ± 2.5 μm, sphericity 
of 0.625 μm) (Fig. 2) was installed under the 
multiaxial load cell (force resolution: Fz = 0.35 gf 
and Fx = Fy = 0.25 gf) of a 3-axis mechanical 
tester (Mach-1 v500css, Biomomentum) (Fig. 3). 

Fig. 4: Typical curves obtained with the automated 
indentation mapping technique. Normal force vs. time 
curve shows the typical behaviour of articular cartilage 
under a stress relaxation configuration. From the same 
measure, the normal force vs. normal position curve is 
used to extract the load at 10μm. 
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Fig. 8:  Example of the histomorphometry evaluation of the left tibial plateau (at the dashed line) following 
automated thickness mapping. Vertical black lines on the tissue section corresponds to the measured vertical 
thicknesses. Holes of the needle used in the automated thickness mapping can be seen on the histological section (red 
arrows).  
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Fig. 7: Example of force vs. position curve obtained with the 
automated thickness mapping. The vertical distance between the 
cartilage surface and the subchondral interface are used to 
calculate the thickness: 89 μm x cosine (17.4°) = 85 μm  
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 To our knowledge this is the first time that the mechanical properties of articular cartilage are mapped on full articular surfaces of tiny mouse joints.   
 The values obtained for the load at 10 m are of the same order of magnitude (about 5 times higher) than the most closer report of similar measurements (cartilage from 

mouse humeral head in flat indentation3).  
 The mechanical properties mappings measured (Fig. 5) show similar distribution patterns than those previously observed for the stifle joints of larger species, with stiffer 

cartilage in the region covered by the meniscus4, suggesting again a dependence with weight bearing and kinematics5.  
 The preliminary results shown for the applicability of the thickness mapping technique on mouse joints are a promising proof of concept. After minor adjustments (needle size 

and load cell resolution), we should be able to complete a full validation of  the technique against histomorphometric sections. 
 We think that those rapid characterization techniques can reveal themselves very useful in studies on the effect of age, gene modifications (transgenic-models) and disease 

(OA models) by reliably measuring the biomechanical properties of entire articular surfaces.  

Typical stress-relaxation 

curve 


