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Abstract 
The strain distribution occurs on femoral bone while the loads transfer from proximal to distal part. 

The bone may be fracture after received more strain than 25,000 με . Notching of the anterior femoral 
cortex after total knee arthroplasty can occur when making an anterior femoral bone cut. The notch of 
bone makes the stress concentration and transform to strain that should make the bone fracture. This 
study aims to vary the notch size with 3 depths as 1.5, 2.5 and 3.5 mm. and evaluate the strain 
distribution on the notch with finite element method under daily activities load to find the notch effect to 
strain distribution on Thai femoral bone. The result showed that the maximum strain occur 1,530 and 
1,830 με  under walking and stair-climbing respectively. The rise of depth notch tend to increase the 
maximum strain on the femoral bone, which the surgeon will be avoid this condition for a good clinical 
result.  
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1. Introduction 
Total joint arthroplasty had greatly improved 

the treatment of disabling arthritis of the knee. 
Notching of the anterior femoral cortex during 
total knee arthroplasty had been complicated as 
one factor contributing to these periprosthetic 
femoral fractures. A biomechanical study had 
shown that notching of the anterior cortex 
significantly lessens the load to failure by 
decreasing the bending strength by 18% and 
torsional strength by 40% [1]. Both clinical and 
biomechanical strongly suggest that anterior 

notching of the distal femoral cortex increase the 
risk of a supracondylar femoral fracture after total 
knee arthroplasty [2-3]. The stress concentrations 
created by anterior femoral cortex notching are of 
considerable importance because of their possible 
association with supracondylar femur fractures 
when a notch is recognized at the time of 
surgery. 

The purpose of this study aims to evaluate 
the effect of the anterior notching size to strain 
distribution on Thai femoral bone by finite element 
method. 
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2. Materials and Methods 
The finite element model in this study was 

divided to 2 main parts as Three-dimensional 
Thai femoral bone model and total knee 
prosthesis model. 

2.1 Three-dimensional Thai Femoral Bone 
Model 

The Thai femoral bone was scanned by 
computerized tomography (CT) scanner. The CT 
images was analyzed and reconstructed with ITK-
SNAP program as shown in Fig. 1. 
 

 
 

Fig.1 Show the three-dimensional Thai femoral 
bone. 

 
The bone was divided to 4 part as proximal 

cortex, distal cortex, proximal cancellous and 
distal cancellous. 

2.2 Total Knee Prosthesis Model 
The total knee prosthesis had reflected the x-

ray in scanning process. We created the resin 
model of total knee prosthesis as shown in Fig. 2 
and constructed the model with CT data as 
shown in Fig. 3. 

 
 

Fig. 2 Show the model of: (a) The Total knee 
prosthesis and (b) The Total knee prosthesis of 

resin model. 
 

 
 

Fig. 3 Show the three-dimensional model of 
femoral component. 

 
The model of bone-implant was created with 

anterior femoral cut as shown in Fig. 4 and varied 
to produce varying notch depth (h) with notch 
length (l) 5 mm as shown in Table. 1. 
 

 
 

Fig. 4 Show the femoral notch geometry 
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Table. 1 Show the parameters of notch depth and 
notch length. 
Model Notch length (mm) Notch depth (mm) 

1 5 1.5 
2 5 2.5 
3 5 3.5 
 
2.3 Material Properties 
Material properties of cortical bone, 

cancellous bone and total knee prosthesis, which 
were constructed from Cobalt-Chrome alloy, were 
assumed to be homogeneous, isotropic and linear 
elastic as shown in Table. 2. 
 
Table. 2 Show the material properties of bone 
and prosthesis [4]. 

Model 
Elastic modulus 

(MPa) 
Poisson’s 

ratio 
Cortical bone 

 
14,000 0.3 

Cancellous 
bone 

600 0.2 

Cobalt-
Chrome alloy 

230,000 0.3 

 
2.4 Boundary Conditions 
The femoral bone was fully fixed at the distal 

end (zero displacement). The force of body 
weight was transmitted to the head of the femoral 
bone and the muscle force was distributed on the 
proximal part as shown in Fig. 5. The most 
common physiology depended on the daily 
activities of walking and stair-climbing [5]. 

 
 

Fig. 5 Show loading conditions which applies to 
the bone. 

 
2.5 Finite Element Model 
The bone model had validated by applied 

load to analyze the strain distribution and had 
compared the result from Duda et al [6]. The 
model of bone-implant was built up with four-node 
tetrahedral elements. It had a total of 43,967 
nodes and 181,340 elements.   

 
3. Results 

The maximum equivalent of total strain, 
occurred at the notch, under walking and stair-
climbing condition were shown in Table. 3 and 4 
respectively.  
 
Table. 3 Show the maximum equivalent of total 
strain at the anterior femoral notch on Thai 
femoral bone under walking condition.  
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Model Maximum equivalent of 
total strain (microstrain) 

1 753 
2 1,040 
3 1,530 

 
Table. 4 Show the maximum equivalent of total 
strain at the anterior femoral notch on Thai 
femoral bone under stair-climbing condition.  

Model Maximum equivalent of 
total strain (microstrain) 

1 785 
2 1,110 
3 1,830 

 
The maximum strain distribution, occurred on 

the anterior femoral notch had increased with 
notch depth in both conditions. Under stair-
climbing condition, femoral bone was received 
maximum strain than walking condition as shown 
in Fig.6. 
 

 
 
Fig. 6 Show the maximum equivalent of total 
strain at the anterior notch on distal cortex under 
walking and stair-climbing condition.  
 

 

4. Discussion 
Periprosthetic supracondylar femoral fracture 

was an uncommon complication following total 
knee arthroplasty, with a reported prevalence of 
0.30% to 4.8% [7-8]. Notching of the anterior 
femoral cortex during total knee arthroplasty had 
been complicated as one factor contributing to 
these periprosthetic femoral fractures. The strain 
distribution on the femoral bone increased with 
increasing notch depth, which was shown in Fig. 
7 for notch depth 3.5 mm. 

 

 
 

Fig. 7 Show the strain distribution on distal cortex 
under stair-climbing condition. 

 
The rising stress occur at the notch was 

caused by the stress concentration. The 
increasing of notch depth had effect to the 
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bending stress at the notch and been changed to 
the strain on the bone. The strain distribution on 
the bone was the main factor affecting to the 
bone fracture, which did not greater than 25,000 
microstrain.   In this study, the strain on the distal 
cortex was in the physiological loading zone of 
Frost’s mechanostat theory [9] as shown in Fig. 8 
but it likely to increase with more notch depth. 

 
Fig. 8 Show graph of Frost’s mechanostat theory 

[7]. 
 

5. Conclusion 
Weaken of the bone by notching the anterior 

femoral cortex after total knee arthroplasty be 
realize for the surgeon. The patient of 
osteoporosis condition may have periprosthetic 
supracondylar femoral fracture after total knee 
replacement with anterior notch. 
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