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INTRODUCTION 

Posterior Stabilized (PS) Total Knee Arthroplasty (TKA) 

designs were introduced to compensate for the resected or 

deficient Posterior Cruciate Ligament (PCL). Compared to 

Cruciate Retaining (CR) designs, which sometimes show a 

paradoxical roll forward motion, PS designs have more 

reproducible and natural knee kinematics in vivo. Moreover, 

these designs usually demonstrate excellent clinical results. 

Nevertheless, the mechanical function of the post-cam 

mechanism and its relation to design features has not been 

investigated in great detail before.  

 

In this study, the contact force acting between the post and 

the cam, together with the knee kinematics were measured 

for several PS designs, during a simulated squat. The goal 

was to explore the relationship between design features of 

the post-cam mechanism, the contact force on the post, and 

the kinematics of different PS designs. 

 

 

METHODS 

A simplified sagittal model of the replaced knee kinematics 

was made to describe the relationship between the position 

of the cam relative to the centre of the femoral condyles and 

femoral roll-back. In this model, the femoral condyles are 

represented by a best-fit circle and the cam is represented by 

a cylinder with known position relative to the condylar 

center. The posterior side of the post is represented by a 

vertical plane and the tibial plateau by a horizontal plane 

(Figure 1).  

 

The model can not predict at which flexion angle the cam an 

post will engage, since this is the result of a subtle interplay 

between shape and friction of the articular surface, post and 

cam position, tibial slope and external forces. As soon as the 

cam engages with the post, though, the knee turns into a 

mechanism with a single degree of freedom. Thus, the roll-

back distance ∆x is then only a function of the initial contact 

angle 
0

φ , the flexion angle φ  and the relative position of the 

cam to the condylar center ( , )
C C
x y′ ′ : 

( ) ( )0 0( ) ' cos( ) cos( ) ' sin( ) sin( )C Cx x yφ φ φ φ φ∆ = ⋅ − + ⋅ −  (1) 

 

In the experimental part of the study, nine contemporary PS 

TKA designs of the major manufacturers were implanted in 

custom-made metal fixtures simulating the tibia and femur. 

For each TKA design, five squats, between 30° and 130° of 

flexion, were performed on a dynamic knee kinematics 

simulator  with a constant vertical ankle force of 150 N, a 

variable quadriceps force and constant medial and lateral 

hamstring force (50 N, each) (Figure 2).  

φ0

φ

x’C y’C

∆x

 
Figure 1: Model describing the relationship between roll-

back and geometrical features of the post-cam mechanism. 

 

 
Figure 2: Dynamic knee kinematics simulator 

 

A pressure sensitive film (K-Scan sensor 6900/10000 psi, 

Tekscan Inc.) was fixed to the posterior side of the inlay 

post (Figure 3) to measure, during the motion, the contact 

force between inlay post and the cam. The kinematics of the 

knee joint was measured using four infrared cameras and 

three reflective markers fixed to the metal fixtures 

representing tibia and femur (Vicon, Oxford, UK). 

 

 

RESULTS AND DISCUSSION 

A wide variability was shown for the flexion angle at which 
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Figure 3: Tekscan sensor covering the inlay post. 

 

contact between post and cam was initiated. We found 

initial contact angles between 40° and 100°. After this 

contact was established, all designs showed a gradual 

increase in femoral roll-back and post-cam contact force 

during flexion. Roll-back after post-cam contact varied 

between 5 and 16 mm and contact force between 320 N and 

1000 N. 

 

Despite the many assumptions in the simple kinematic 

model, a Pearson correlation coefficient of 0.91 was found 

between the measured roll-back distances and the calculated 

roll-back values from the simplified model (Figure 4). This 

indicates that the roll-back distance is mostly determined by 

the initial contact angle and the position of the cam with 

respect to the femoral condylar center, and less by more 

subtle geometric features such as the exact shape of the cam 

and post surface in the investigated designs. 

 

 
Figure 4: Correlation between the measured and the 

calculated roll-back at 120° of flexion. 

 

A Pearson correlation coefficient of -0.81 was found (p = 

0.009) between the maximal contact force and the initial 

post-cam contact angle (Figure 5). A multiple correlation 

coefficient of 0.77 was found (p = 0.071) for the maximal 

contact force with lateral roll-back and femoral rotation, 

both after post-cam engagement (Figure 6). Lateral roll-back 

was defined here as the maximal posterior translation of the 

lateral condylar center, projected in the transverse plane. 

Femoral rotation was defined as the largest internal or 

external rotation measured during flexion, after the cam 

engages the post. 

 

 

CONCLUSIONS 

Post-cam mechanisms show large variations in terms of 

initial post-cam contact angle, maximum contact force  

 
Figure 5: Correlation between the maximal contact force 

and the initial post-cam contact angle. 

 

 
Figure 6: Multiple correlation for the maximal contact force 

with lateral rollback and femoral rotation. 

 
and femoral roll-back. Several design characteristics can 

influence this, like the relative geometry and position of post 

and cam and the geometry of the tibial and femoral 

component. Nevertheless, the femoral roll-back can still be 

predicted quite well, based on a simple model, as long as the 

initial contact angle between cam and post is known. 

 

The maximal contact force between cam and post tends to 

be higher for designs with an earlier post-cam engagement 

and for designs inducing more roll back and/or femoral 

rotation.  

 

Since the cam-post mechanism was introduced to replace 

the function of the PCL, it makes sense to compare the 

values that we found with those in the healthy knee. During 

a squat, the PCL starts to be functional around 50° of flexion 

[ 1] and the lateral rollback, between 30° and 130° of flexion, 

is about 13 mm [ 2].  

 

As a conclusion, PS TKA designs with a more functional 

post-cam mechanism (showing earlier post-cam 

engagement) have femoral roll-back closer to the native 

human knee, but also show higher forces on the 

polyethylene post. 
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