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Abstract: Problem statement: The bone plate is commonly used when human bone fracture occurs. 
The Inter Fragmentary (IFS) is an important factor for curing human bone fracture and designing the 
bone plate. The best IFS range from 2-10%.The whole spacing is a factor affecting the IFS that should 
be taken into account.  Approach: This research propose a study on the effect of the whole spacing on 
the IFS. Two directions of the whole spacing are defined in the axial direction of the bone plate and the 
transverse direction of the bone plate. The Finite Element Method is used to investigate the IFS. 
Results: The experimental results show that the value of the IFS is between 2 and 10%. The IFS 
increases when the whole spacing in the axial direction and the transverse direction are increased. In 
other words, decreasing of the number of holes has the same results as increasing the whole spacing in 
the axial direction. Conclusion: The varying holes spacing and the different numbers of holes cause 
the distinguished IFS. 
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INTRODUCTION 
 

The human long bone fractures (femur fracture and 
tibia fracture) occur frequently. When the body weight 
transmits to the femur and the tibia, the maximum 
bending moments occur at the middle points of the 
femur and the tibia. These are the critical points of the 
bone fracture (Saffar et al., 2009). 

The bone plate is commonly used when a human 
bone fracture occurs. There are various types of the bone 
plate, the Dynamic Compression Plate (DCP), the 
Limited-Contact Dynamic Compression Plate (LC-DCP), 
the Locking Compression Plate (LCP) and etc. The DCP 
and the fractured bone are fixed by using a number of the 
conventional screws. The compression force between bone 
and plate is the main problem of the DCP (Kanchanomai 
et al., 2008; Field et al., 2004). The LCP is developed to 
solve this problem by using the locking head screws and 
the threaded holes (Miller et al., 2007; Stoffel et al., 2003). 

There are a lot of researches that use the bone plate 
in rabbit to study the results or the side effects before 
using in human (Sharifi et al., 2009; Sadi et al., 2010).  

The bone plate designs have been developed by using 
experimental and simulation. All design conditions 
propose to the lowest stress on the bone plate, including 
thickness of the bone plate, configuration of the screw 
fixation, the spacing between bone and plate, diameter of 
the screw, the modulus of elasticity of the bone plate and 
etc (Kim et al., 2010; Kanchanomai et al., 2008; Ahmad et 
al., 2007; Stoffel et al., 2003; Field et al., 1999; Benli et 
al., 2008; Fouad, 2010).    

 Another important factor is the Inter Fragmentary 
Strain (IFS). The IFS is defined as the ratio of the 
fracture gap displacement after the compressive load 
applied and the original fracture gap as show in Fig.1. 
The Eq. 1 of IFS is: 
  

L

L
IFS

∆=  (1) 

 
Where: 
∆L = Fracture gab displacement after the compressive 

load applied 
L = Original fracture gap length. 
 
 The best IFS range from 2-10% (Perren et al., 
1979; Kim et al., 2010). 
 

 
 
 
Fig 1: The deformation of the fractured bone 
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MATERIALS AND METHODS 
 
Finite Element Analysis (FEA): The bone model is 
modeled from the 3403-15 model of Pacific Research 
Laboratories, outer diameter of 35 mm, cortical 
thickness of 4.3 mm and length of 500 mm. The Pacific 
Research Laboratories bone models are usually used in 
biomechanics research (Viececonti et al., 2003; 
Mahmoud, 2001; Stoffel et al., 2003).  
 The models of bone, plate and screws are modeled 
in SolidWorks 2007. The bone is cut in half. A 6 mm 
gap is bridged with plate and screws. The whole 
spacing is designed by the variables a and b as shown in 
Fig. 2a, b. 
 
Where: 
a = Whole spacing in x direction  
b = Whole spacing\ 
y = Direction. The values of a and b are shown in 

Table 1.  
 
 All models are transformed into the finite element 
models by using MSC Software, MSC. Patran 2008r1 
for pre/post processing and MD.  
 Nastran r3b for solution processing. The four-node 
tetrahedral element is used in the finite element models. 
   

  
  (a) 
 

 
(b) 

 
Fig. 2: (a) The variables of whole spacing (a and b) 

and the plate dimensions (b) the screw 
dimension (all dimensions are in mm) 

 
 
Fig. 3: The finite element model of the bone fractured, 

plate and screws 
 
Table 1: The values of a and b 
Model a (mm) b (mm)  Numbers of hole 
1 16 0 8 
2 16 2 8 
3 16 4 8 
4 16 6 8 
5 12 0 10 
6 12 2 10 
7 12 4 10 
8 12 6 10 
9 9.6 0 12 
10 9.6 2 12 
11 9.6 4 12 
12 9.6 6 12 
 
Table 2: Material properties 
Young’s modulus  (GPa) Poisson’s ratio 
DCP 193.0 0.3 
Screw 193.0 0.3 
Cortical bone 17.0 0.3 
Cancerous 0.7 0.2 
 
 The compression force of 200 N (Stoffel et al., 
2003) is applied as the pressure on the cross section 
area of cortical bone and cancerous bone. The fixed 
condition is applied at another end of the bone as 
shown in Fig. 3. 
 The contact conditions are applied at the mated 
surfaces. The contact conditions of plate and screws, 
cortical bone and the cancerous bone, cortical bone and 
screws, cancerous bone and screws are the glue contact. 
While the contact condition of plate and cortical bone is 
the touch contact.  
 
Materials: The DCP and screw are made of stainless 
steel. Material properties of the DCP, screw, cortical 
bone and cancerous bone are shown in Table 2 (Stoffel 
et al., 2003). 
 

RESULTS 
 
 The displacement of bone fracture is shown in Fig. 
4. Point A and B are moved after compression load is 
applied. The displacement after applying the 
compressive load (L∆ ) is the relative displacement 
between point A and point B 
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Fig. 4: The displacement of bone fracture 
 

 
 
Fig. 5: The IFS when a is fixed and b is varied 
 

 
 
Fig. 6: The IFS when b is fixed and a is varied 
 
 The values of the displacement after applying the 
compressive load (∆L) are shown in Table 3. 
 The IFS are shown in Table 4 and 5. Table 4 shows 
the value of the IFS when (a) is fixed and (b) is varied. 
On the other way, Table 5 shows the value of the IFS 
when (b) is fixed and (a) is varied. 
 From Table 4 and 5 we can plot the graphs of the 
IFS, (a) and (b) as shown in Fig. 5 and 6. 

Table 3: The displacement after the compressive load is applied (∆L) 
Model ∆L (mm) 
1 0.289 
2 0.287 
3 0.298 
4 0.469 
5 0.200 
6 0.288 
7 0.292 
8 0.299 
9 0.145 
10 0.286 
11 0.149 
12 0.229 
 
Table 4: The IFS when a is fixed and b is varied 
Model a  b  IFS (%) 
1 16 0 4.82 
2 16 2 4.78 
3 16 4 4.97 
4 16 6 7.82 
5 12 0 4.58 
6 12 2 4.80 
7 12 4 4.87 
8 12 6 4.98 
9 9.6 0 2.42 
10 9.6 2 4.77 
11 9.6 4 2.48 
12 9.6 6 3.82 
 
Table 5: The IFS when b is fixed and a is varied 
Model a  b  IFS (%) 
1 16 0 4.82 
5 12 0 4.58 
9 9.6 0 2.42 
2 16 2 4.78 
6 12 2 4.80 
10 9.6 2 4.77 
3 16 4 4.97 
7 12 4 4.87 
11 9.6 4 2.48 
4 16 6 7.82 
8 12 6 4.98 
12 9.6 6 3.82 

 
DISCUSSION 

  
 The result from Fig. 5 and 6 show that the IFS 
increases when the whole spacing in the axial direction 
of the bone plate (x direction) and the transverse 
direction of the bone plate (y direction) are increased 

because the number of holes on plate is 
L

1
a

+  we can 

proof that the IFS increases when the number of holes 
is increased. 

  
CONCLUSION 

 
 The varying holes spacing and the different number 
of holes causes the distinguished IFS. 
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