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INTRODUCTION 

High-flexion Total Knee Arthroplasty (TKA) designs were 

introduced in order to achieve greater flexion than with 

conventional TKA designs. Although early clinical results 

were promising, recent literature raises concerns about 

fixation and risk for early loosening of the femoral 

component of high-flexion designs [1,2,3]. Is the design of a 

TKA related to the fixation strength of the femoral 

component on the bone? This study’s aim was to determine 

if and which design characteristics have an effect on the 

loosening force of the femoral component in both high-flex 

and conventional posterior stabilized TKA designs. 

 

 

METHODS 

The loosening force of the femoral component of twelve 

contemporary posterior stabilized TKA designs was 

evaluated. The set of designs included six high-flexion and 

six conventional designs from the major orthopaedic 

companies (Table 1). Each femoral component was 

implanted without bone cement in five femoral bone models 

and placed in a loading frame in 135° of flexion [1], with the 

tibial insert placed with no posterior slope (Figure 1). 

Loosening of the femoral component was induced by raising 

the tibial insert with constant displacement rate (1 mm/s), 

while maintaining the same flexion angle. The resisting 

vertical force was recorded continuously. A stereo-

photogrammetric system registered the relative motion 

between the femoral component and bone model. The 

loosening force was determined when a gap of 2 mm was 

observed between the component and the distal bone cut, at 

which point the resisting force was maximal and stationary. 

 

 
Figure 1: Test set-up with knee model in a loading frame. 

 

Three design characteristics were investigated: (1) the type 

of prosthesis (high-flex or conventional), (2) the internal 

femoral component geometry and (3) the presence of pegs. 

A high-flex type differs from a conventional type in that it is 

designed to allow deeper flexion without impingement 

between femoral and tibial bone. This is obtained by either 

extending the posterior femoral condyles (Figure 2B) or by 

chamfering the posterior margin of the tibial insert (Figure 

2C). The internal femoral component geometry is defined by 

the angle α (Figure 3). According to this angle, designs were 

classified as closed box (α < -3°), as parallel box (-3° ≤ α ≤ 

3°) or as open box (α > 3°). A distinction was also made in 

designs with pegs and designs without pegs (Table 1). 

 

 
Figure 2: Deep flexion (135°) with (A) a conventional 

design, (B) a high-flexion design with increased posterior 

condylar offset and (C) a high-flexion design with beveled 

posterior margin of the polyethylene insert. 

 

 
Figure 3: Definition of the angle α used to determine the 

type of internal box geometry. 

 

 

RESULTS AND DISCUSSION 

The mean loosening forces and standard deviations for the 

different designs are given in the last column of Table 1. 

Design B has the lowest resistance to loosening. This design 

was also reported to have a high incidence of loosening 

clinically [1,3]. 

 

The mean loosening force for high-flexion TKA designs 

(159±84N) is significantly lower (p < 0.001) than for 

conventional TKA designs (307±108N) (Figure 4). 

Modifications were introduced in high-flexion designs to 

allow deeper flexion (Figure 2B-C), but these modifications 



also cause the tibial insert to be only in contact with the 

femoral component in deep flexion. As a result, the 

femorotibial contact force is carried entirely by the femoral 

component. Conventional inserts do not have these 

modifications and therefore the femorotibial contact force is 

shared between the femoral bone and femoral component 

(Figure 2A). 

 

 
Figure 4: Loosening force in high-flex vs. conventional 

designs. A ** indicates a significant difference (p < 0.001). 

 

In the group of high-flexion designs, the mean loosening 

force for closed and parallel box geometries is significantly 

higher than for an open box geometry (p < 0.05) (Figure 5). 

An open box geometry provides less resistance to the 

distally directed force component of the femorotibial contact 

force which occurs during deep flexion. 

 

 
Figure 5: Comparison of the loosening force for high-flex 

TKAs with a closed box, a parallel box and an open box 

design. A * indicates a significant difference (p < 0.05). 

 

The Genesis II high-flex design with pegs has a significantly 

higher resistance against loosening than the same design 

without pegs or with pegs in oversized holes (Figure 6). In 

contrast, this beneficial effect of pegs can not be seen with 

the NexGen LPS-flex design, most likely due to the conical 

shape and smooth surface of its pegs. 

 

 
Figure 6: Influence of pegs on the loosening force for three 

designs. A * indicates a significant difference (p < 0.05). 

 

 

CONCLUSIONS 

The design that had the lowest loosening force in our study 

(design B) is also the design with a high incidence of 

loosening reported in literature [1,3]. Three design 

characteristics were shown to hinder the fixation strength of 

the femoral component on the bone: design modifications 

introduced for high-flex TKAs, an open internal femoral 

component geometry (α > 3°) and the absence of good 

fitting pegs. Designs combining these three characteristics, 

like designs B and C (Table 1), showed the weakest fixation 

of the femoral component to the bone. 
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Table 1: List of the TKA designs used in this study with their characteristics. 

Design Prosthesis name Company Type 

Internal femoral 

component 

geometry Pegs 

Average 

Loosening 

Force [N] (SD) 

A Journey Smith & Nephew High-Flex closed No  185 (87.3) 

B NexGen LPS-flex Zimmer High-Flex open Yes    32 (17.3) 

C PFC Sigma HF J&J DePuy High-Flex open No  127 (54.5) 

D Scorpio HF Stryker Howmedica High-Flex parallel Yes  228 (65.0) 

E Genesis II HF Smith & Nephew High-Flex parallel No  148 (37.2) 

F Genesis II HF Smith & Nephew High-Flex parallel Yes  222 (18.9) 

G Genesis II Smith & Nephew Conventional parallel No  218 (9.6) 

H Genesis II Smith & Nephew Conventional parallel Yes  259 (11.2) 

I NexGen LPS Zimmer Conventional open Yes  190 (28.2) 

J PFC Sigma J&J DePuy Conventional open No  383 (59.8) 

K Scorpio Stryker Howmedica Conventional parallel Yes  370 (48.8) 

L Plus knee Smith & Nephew Conventional open No  443 (95.7) 

 


