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maximum von Mises stress occurred in state-1 (early state of 
bone healing) closed to the yield strength of implant material 
which approximately 600-800 MPa [12]. Consequently, there 
was a risk of implant failure in state-1. Therefore, in order to 
avoid implant failure in early state of bone healing, the 
patients should not bear full weight and use clutch for helping 
during walking. The results also revealed that the critical 
region was found at lag screw which has corresponding to 
Heynes et al. [13]. In addition, after complete healing bone, 
the maximum von Mises stress was reduced to lower value of 
yield strength that cause were forces transferred to the bone. 

The goal of treatment of intertrochanteric fracture using 
internal fixation for stabilization is to allow early load 
bearing. Therefore, mechanical performance evaluation of 
implant can be observed from the elastic strain at the fracture 
site. The elastic strain is a parameter to evaluate displacement 
of the fracture site. The good treatment needs to induce the 
elastic strain of fracture about 2-10 percent for support to 
form of new bone formation [14].  However, the elastic strain 
in state-1 produced high value that was obviously not proper 
for bone formation. Therefore, this is strongly confirmed that 
the patient should avoid full weight bearing in this state. 

 
 

 
Fig. 4. The maximum von MISES stress on 2-hole DHS, 4-hole DHS, 6-hole 

DHS and 8-hole DH 

 The strain energy density (SED) is an indicator to energy 
absorption or load sharing in any materials that was different 
mechanical property data [15], [16]. Therefore, the SED is a 
suitable parameter to evaluate risk of bone fracture because 
the bone composed different material properties. In the 
analysis, the state-1 is the critical state, because it may be 
incurred the biomechanical failure to bone easily. The results 
of SED show that the critical component occurred high SED 
is the femoral head cancellous region inside lag screw hole. 
These are the effect of bending moment produced from the 
hip contact force and distance from the femoral head center to 

the femoral shaft cortex. In addition, the removal DHS is a 
better choice after bone healing complete. Due to the 
retaining DHS produced high SED that occurred inside the 
holes insertion of lag screw and screw fixation. This may be 
the effect of stress concentration between DHS implant and 
surrounding bone. 
 

V. CONCLUSION 
The study presented the biomechanical analysis of DHS 

implant by means of finite element method. Plate length has 
no influences on stress occurred on implant as well as 
stability of fracture. In early state of bone healing, however, 
the patient should not bear full weight because there is a risk 
of implant failure. In addition, the DHS should remove after 
bone healing process. This study analyzes only one type of 
intertrochanteric fracture. Further investigation based on 
other hip fracture type and also clinical experiment should be 
performed. 
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TABLE IV: THE SED IN EACH REGIONS WITH RETAINING AND REMOVAL 
DHS 

Regions

Retaining DHS 
(MPa/1000) 

Removal DHS 
(MPa/1000) 

2-hole 4-hole 6-hole 8-hole 2-hole 4-hole 6-hole 8-hole

Femoral 
neck 
cortex 

19.03 20.40 21.39 18.94 25.79 34.08 26.32 24.90

Femoral 
neck 
cancellous

109.97 107.60 108.32 89.63 66.33 149.99 94.03 68.20

Head 
cancellous 
inside lag 
screw 
hole 

2,421.545,570.475,360.0036,063.64191.65191.00227.34215.88

Shaft 
cortex 
inside 
DHS hole

1,897.951,855.951,229.25 4,460.47 35.05 35.37 39.50 39.66

Shaft 
cortex 
inside 
screw 
hole 

221.10 324.90 284.77 255.15 14.10 11.95 35.92 17.27

 

 
(a) 
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(b) 

Fig. 5. The maximum SED at proximal neck cancellous region inside lag 
screw hole with: (a) retain of 2-hole DHS and (b) removal of 2-hole DHS 

 

 
(a) 
 

 
(b) 

Fig. 6. The maximum SED at proximal shaft region inside DHS plate hole 
with: (a) retain of 2-hole DHS and (b) removal of 2- hole DHS 
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