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SUMMARY 

 

A finite element model of the composite Sawbones® 4
th

 

generation, implanted with five lengths of a straight prosthesis 

design and four lengths of a curved stem design, was loaded 

with hip joint and abductor forces representing stair climbing. 

Results shows that stem lengths does not affect the Von Mises 

stress distribution within the bone.  However, curved stem 

design provides better stress distribution within the bone, 

especially in the cancellous of the greater trochanter structure.   

   

INTRODUCTION 

 

Total hip arthroplasty (THA) is a successful surgical 

intervention and provides predictable pain relief. However, 

failures in younger patients had led to search for alternative 

solutions which may be more durable and may conserve 

femoral bone stock for future revision [1, 2]. Hip resurfacing 

(HR) has recently gained in popularity as a bone conserving 

surgical option for young patients with arthritis of the hip that 

is likely to outlive their first implant (www.nice.org.uk). 

However, HR is associated with complications such as 

femoral neck fracture, femoral head necrosis and mechanical 

loosening. Moreover HR has limited indications and may not 

be used when femoral head bone stock is deficient. Therefore, 

a shorter uncemented femoral stem could be a compromise 

between conventional THA and HR. 

One of the crucial factors for short and long-term clinical 

success of THA is primary stability. It has been shown in a 

previous study [3] that with the aim of minimizing surgical 

invasiveness, currently well performing stem might be used 

with a reduced length without compromising primary stability 

and hence, long term survivorship (Table 1). However, the 

implantation of an artificial component leads to a change of 

the stress distribution within the femur that can also lead to 

aseptic loosening. 

Thus, the purpose of this study is to investigate using finite 

element analysis (FEA) the effect of stem length and design 

on Von Mises stress distributions (VMSD) of two cementless 

tapered femoral stems (Figure 1): the straight Profemur®TL 

and a curved short femoral stem, based on the Fitmore® stem 

design. 

 

METHODS 

 

A virtual implantation of the Profemur®TL and curved short 

stem was realized using CatiaV5R17 with the assistance of hip 

surgeons. The standard length of the straight Profemur®TL is 

146mm. Four reduced lengths were defined: 105mm, 86mm, 

70mm and 54 mm. The standard length of the curved short 

stem is 105mm. Three reduced lengths were defined: 86mm, 

70mm and 54mm. 

All 3D models were transferred into Ansys Workbench 11.0. 

A tetrahedral 10 nodes mesh was generated. Proximally, a 

mesh size of 2mm was generated, whereas a mesh size of 

5mm was generated distally. All materials were defined as 

linear isotropic homogeneous. FEA was carried out for the 

static loading conditions defined by [4], simulating stair 

climbing, with the femoral condyles rigidly constrained. The 

stem-bone contact interfaces were divided into four areas: the 

plasma spray surface in contact with cortical structure, with a 

frictional coefficient set to 0.63 [5] and a press-fit of 0.05 [6]; 

the plasma spray superior surface in contact with the 

cancellous structure, with µ=0.63 [5] without press-fit; the 

plasma spray inferior surface in contact with the cancellous 

structure, with µ=0.63 [5] and a press-fit of 0.05 [6], with the 

exception of length 54mm; and finally the distal stem in 

contact with the cancellous bone defined as frictionless. 

 

Figure 1:  Stem design a) Straight Profemur®TL b) Curved 

short stem 

 
 

RESULTS AND DISCUSSION 

 

VMSD in the cancellous Sawbones® for the Profemur®TL 

and the curved short stem can be seen on Figure 2. 

In the cancellous bone, for the Profemur®TL, VMSD are 

lower than 0.5 MPa, in the greater trochanter. Above the 

press-fit area, VMSD vary between 0 MPa to 0.5 MPa and 

increase up to 1.5 MPa in the superior area of this region. In 

the press-fit area, VMSD is greater than 2 MPa and increase 

up to 6 MPa mainly due to press-fit effect. Below the press-fit 

a) b)
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area, VMSD is around 2 MPa, with a region around 5 MPa 

and decrease under 1 MPa in the diaphysis and medial side of 

this region. VMSD in the cortical structure does not change, 

with the exception of the length 54mm, where VMSD increase 

in the mid-diaphysis. In addition a small region in the superior 

greater trochanter is almost unsolicited. 

For the curved short stem, VMSD in the cancellous bone 

range between 0.6 MPa and 2 MPa in the greater trochanter. 

Above the press-fit area, VMSD is lower than 1 MPa except 

proximally, where VMSD increase up to 2 MPa. In the press-

fit area, VMSD is greater than 2 MPa and increase up to 20 

MPa, mainly due to the press-fit effect. Below the press-fit 

area, laterally the VMSD are located around 2 MPa and 

decrease towards the medial region. VMSD in the cortical 

structure does not change for all lengths. 

 

Figure 2: Von Mises stress distributions with the cancellous 

Sawbones® with Profemur®TL (left) and the curved short 

stem (right) for lengths: a) 105mm, b) 86mm, c) 70mm and d) 

54mm 

 

   

Many uncemented femoral stem designs have shown excellent 

long-term survivorship [1, 2]. With the goal of facilitating 

stem insertion during minimally invasive surgery, reducing 

endosteal bone damage and facilitating stem removal if 

revision becomes necessary, shorter femoral stems have been 

developed recently. To avoid aseptic loosening of short stem 

due to the change of load distribution, VMSD within the bone 

becomes a crucial factor. Overall, VMSD for all lengths of 

Profemur®TL or of the curved short stem are similar. 

However, cancellous Sawbones® is better solicited with the 

curved short stem, in particular in the great trochanter. 

    

CONCLUSIONS 

 

The present study showed that stem length does not affect the 

Von Mises stress distribution within the cancellous or cortical 

bone. However, it seems that the curved stem design provides 

better load transfer within the bone, especially in the 

cancellous structure.   
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Table 1: Mean and range micromotions of standard and short Profemur®TL stem and the curved short femoral stem for stair 

climbing loading conditions. p-value shows results from t-tests for dependent samples. The mean values for both stems are 

significantly different (p<0.05) 

Stair climbing 

Length (mm) Mean (µm) 

P value 

Range (µm)  

 Profemur®TL Curved Stem Profemur®TL Curved Stem 

146mm 22  18 -- [2 - 65] -- 

105mm 21  18 13  15 0.003 [2 - 64] [1 - 54] 

86mm 23  22 14  17 0.003 [1 - 76] [1 - 60] 

70mm 26  25 20  24 0.02 [2 - 84] [1 - 86] 

54mm 56  34 30  32 0.05 [3 - 115] [1 - 122] 
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