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 The design was successfully completed to meet all necessary 
testing specifications.  Final assembly views of the tibial fixture can be 
seen in Figures 3 and 4. The central feature of this design is the 

innovative frictionless thrust 
ball bearing function. The four 
thrust bearings seen in Figure 
4 allow the knee specimen to 
freely translate as well as 
internally and externally rotate 
once the loads are applied 
with the 858 Bionix MTS. The 
square tibial pot design allows 
for more straightforward bone 
cement fixation due to its 
increased surface area. 
Insertion of the cadaveric tibia 
can be also be accomplished at 
optimal alignment by utilizing 
the extra area. 

A total of six parts were 
designed for the tibial fixture. 
These include: the square 
tibial pot, the four pegs 

stabilizing the pot onto the 
circular steel plate below it, the 
square plate seen with 16 pegs 
along its perimeter, and the four 
half peg/half screw attachment 
pieces seen at the bottom of the 
assembly. The pre-
manufactured thrust bearings 
can be seen at the center of 
Figures 3 and 4, between the 
square plate and the circular 
plate. The frictionless ball 
bearings of these parts are only 
visible in Figure 4. Material for 
the square tibial pot is Delrin 
plastic. All other parts are 
designed for manufacture in 
Type 340 Steel. Friction was 
minimized in the design by 
ensuring that the top surface of 
the square steel plate is hardened to a Rockwell hardness of C60-70 in 
order to match the mechanical properties of the frictionless ball 
bearings it comes into contact with. The specifications of the square 
plate also call for high precision in flatness during the machining 
process for optimal rolling possibility of each bearing. The pegs fitted 
along the perimeter of the square plate function as safety device, 
preventing the thrust bearings from escaping the area. The entire 
mechanism is fixed securely to the platform of the 858 Bionix MTS 
via the half-screw/half peg attachment pieces.   

The femoral fixture can be seen in Figures 5 and 6 below. This 
mechanism attaches to the actuator of the MTS 858 Bionix via the 
plunger adapter piece seen above the conical piece in the figures. 
There are four distinct conical pieces, each geometry allowing for a 
desired flexion angle of 0°, 5°, 10°, or 15°. The conical shape also 
ensures that the applied load from the MTS machine is evenly 
distributed. The next piece’s main purpose is to account for the natural 
6° of varus seen in all normal knees. This adapter part has two slotted 
pockets where bolts can be inserted in order to fix the assembly to the 

femoral pot. The conical part was 
not fastened to this adapter in any 
way. The purpose of this was to 
permit deliberate varus or valgus 
misalignment during testing by 
moving the conical part medially 
or laterally. Lastly, the femoral 
pot was nearly identical to the 
tibial pot previously described. It 
was responsible for securing the 
cadaveric femur (with bone 
cement) into the testing 
apparatus. Both the femoral pot 
and the tibial pot incorporated 
three center holes so that the bone cement and knee specimens could 
be removed after testing via standard freezing and hammering 

techniques.          
 
 

DISCUSSION 
 
 Future elements of this 
research include the 
manufacturing of the test rig and 
preliminary testing on a 
representative artificial knee 
model. Calibration and 
integration of MTS software to 
meet design goals must also be 
performed. If this is successful, 

testing of cadaveric specimens 
can take place and the data can 
be analyzed and evaluated. The 
device may require 
reconfiguration of particular 

components or the addition of more dynamic features in order to yield 
the required results. If the hypothesis proves true, the correlation 
between abnormally high forces in articular compartments and the 
location of subsequent OA development may be investigated further. 
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Figure 3: Isometric view of 
the assembled tibial fixture. 

Figure 4: Bottom-Isometric 
view of the assembled 

tibial fixture. 

Figure 5: A top - 
isometric view of the 
assembled femoral 

fixture. 

Figure 6: An additional 
view of the assembled 

femoral fixture. 


