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Abstract: To explore the effects of working length on fracture healing, so as to provide the 
basis for related fracture treatment, the simulation of fracture healing under different 
working length were conducted using finite element method, and the change in the process 
of callus growth during healing periods was simulated based on the inter-fragmentary strain 
theory (IFS). The iterative process for updating callus modulus in every finite element was 
conducted by the second-developed ABAQUS based on Python code. Results show that the 
increased working length in a special range could have positive effects on the fracture 
healing, while exceeding the range would result in a negative effect, so it is a wise choice to 
choose a suitable working length for fracture healing process. 

1. Introduction 

Bone is the main component for bearing loads, fracture is commonly appeared in the high-energy 
accidents. Bone plate, one type of internal fixation, is an effective way to treat the fracture. Plate and 
screws can be integrated into a structure which can provide a stable mechanical environment for 
fracture healing. However, complications like failure of internal fixation, nonunion, delayed union 
and so on can occur in up to 10% of patients [1]. For this reason, a number of studies on internal 
fixation were conducted in the experimental or simulation way, with the experimental method, 
Field [2] researched the influence of internal fixation stability under different screw configuration 
parameters, Tomkvist [3] studied the relationship with internal fixation stiffness and the internal 
fixation parameters.  

Nowadays, with the rapid development of computing technology, and the complex of the 
experiment in vivo, the finite element method is considered as an effective method to conduct 
research on the internal fixation system, Kim [4] studied the stress distribution under different screw 
configurations using the finite element method, Lee [5] conducted the research on the relationship 
between stability of internal fixation system and different screw configurations. The working length 
of bone plate, as one of the key factor in the fixation, has gathered a lot of focus from researchers [6-8]. 
Nevertheless, the studies above-mentioned to date have neglected the fact that bone is the living 
organ, so that this paper tries to study the influence of working length on the internal fixation based 
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on the process of fracture healing using finite element method, which could provide an instruction 
for clinical usage in fracture treatment. 

2. Methods 

2.1 Simulation of fracture healing 

According to the Perren’s theory [9], fractures can heal in the different rate based on the strain in 
the callus, so that the various strain in the callus is correspond to the different elastic modulus. 
Hyun-Jun Kim [10] quantified the relationship between the strain and modulus, shown in Equation 
(1). 
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In Equation (1), Ei is modulus in the iteration i, x is the strain in the callus, Enew is the renew 
modulus for each iteration, Egran is the modulus of granulation tissue, which is 0.05MPa in this 
study. The parameters of healing curve were shown in Table I. 

TABLE I.  Curve Parameters of Healing Rate Under Different Healing Period 

Healing 
period  

after fracture 
/week 

Strain/% Elastic modulus 
for new tissue 

Enew 
/MPa  

0~2 10~30 

A B C D 

4  

0.02 

1.1256 

0.02 

-0.1126 0.19 
8  3.6221 -0.3622 28.00 
12  3.6665 -0.3667 30.60 
16  4.1148 -0.4115 75.00 

In Figure 1, every discretized element of the callus was dealt with separately during the iterative 
calculation for the strain after the load was applied on the internal fixation system, the load was 
renewed and the modulus in the callus was updated with the usage of Python code at each end of 
iteration. 

 
Fig. 1. The flow chart of iteration 
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2.2 Finite element model 

The bone was simplified into a cylinder composed of cortical and trabecular bones with a 3-mm 
transverse fracture, shown in Figure 2.  

 
Fig. 2. Dimension of  the internal fixation system 

In the interaction condition, the interfaces between the screws and plate were tied, so were the 
interface of screw-cortical and screw-trabecular. In the loading condition, as shown in Figure 3, one 
side of the bones were fully constrained, and an axial load was applied on the other side of cortical 
surface. 

 
Fig. 3. Loading pattern of  the internal fixation system 

According to the Literature [11], the material properties of internal fixation was shown in Table 
II. 

TABLE II.  Mechanical properties of internal fixation system 

 Elastic modulus
（GPa） 

Poisson’s 
ratio 

Cortical bone 
Ex=18.4 νxy=0.120 
Ey=7.00 νyz=0.370 
Ez=8.50 νxz=0.140 

Trabecular bone 1.100 0.3 
Plate  105 0.34 

Screws  105 0.34 
With the Literature [12] mentioned that patient lower limb fracture should exercise ankle joint in 

the first week, walk with crutches in the second week and gradually bearing load in the following 
weeks. In this study, the initial load after fracture was assumed to be 10% of the body weight and 
body weight is 70Kg, the load magnitude under different healing time was shown in Table III. 
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TABLE III.  Relationship between axial load and healing period 

Healing period 
after fracture 

/week 

Axial load 
/N 

0 70 
4 350 
8 700 
12 1400 
16 2100 

From Rozbruch’s research, 2 or 3 screws fixed in the main fragment can ensure the stability of 
internal fixation system [13], so 6 screws were symmetrically used in the two main fragments in this 
study. In Figure 4, the screws were fixed symmetrically of the fracture plane, and the working length 
was changed with screws omitted in the different screw holes. 

 
Fig. 4. Schemes of screw configuration under different working length 

3. Results 

The strain distributions in the callus under different healing period were shown in Figure 5.  
In Figure 5, the strain distribution under healing period was varied with different working length, 

and so was the trend of change with fracture healing. Based on the fracture healing model, the 
optimal strain range of 2%-10% can guarantee the healing rate, and as shown in Equation (2), the 
healing rate vi was defined as the ratio of elements in the optimal range. 

opt

sum
100% ( 126, 236 )

N
N i L Liν = × =               (2) 

 
Fig. 5. Strain distribution under different healing period with various working length 
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In Equation (2), Nopt is the number of elements in the optimal range, Nsum is the total number of 
elements in the callus. The healing condition (including healing rate vi, shown in Table IV (a); the 
maximum strain εmax in the callus, shown in Table IV (b); and the healing results shown in Table 
IV(c)). 

TABLE IV.  The healing condition and result in the callus 

(a) Healing rate under different healing period and various working length 

Numbering of 
Working length 

Healing period 
Week 0 Week 4 Week 8 Week 12 Week 16 

vi vi vi vi vi 
L126 0 96.10 58.12 95.27 87.28 
L236 12.99 87.72 81.34 96.84 89.51 
L346 67.37 40.16 87.98 97.67 89.79 
L456 88.07 14.45 96.82 97.30 90.74 

(b) Maximum strain in the callus under different healing period and various working length 

Numbering of 
Working length 

Healing period 
Week 0 Week 4 Week 8 Week 12 Week 16 
εmax εmax εmax εmax εmax 

L126 1.62 8.06 3.82 7.28 5.09 
L236 2.84 13.86 4.61 8.22 5.33 
L346 4.07 19.40 5.24 8.88 5.38 
L456 5.27 24.85 11.06 8.65 5.45 

(c) Healing results of various working length 

Numbering of 
Working length 

Healing 
Results 
(MPa) 

L126 65.7109 
L236 68.0758 
L346 69.6055 
L456 69.2057 

4. Discussion 

As shown in Table IV, the healing rate were varied under the different working length, and the 
working length has the greater influence on the healing rate than the later period, increasing the 
working length could sharply improve the healing rate after the treatment. However, the increased 
working length would reduce the healing rate to a lower magnitude in the healing period of week 4, 
further analysis revealed that the maximum strain was exceed the optimal range, which indicate that 
the callus was compressed excessively. The callus became harder as the healing period elapses, and 
the influence of working length was gradually reduced, while the rising trend was also appeared with 
the increased working length. However, the short working length could ensure the stability of 
internal fixation system, while the long one may do harm to the stability, which seems to be an 
optimal working length between the measurement of stability and healing rate. So it is necessary to 
take more consideration on the choice of working length. 
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In this study, simplified cylinder was used for simulation of fracture healing under different 
working length, while for a more precise analysis, many aspects should be refined, a more thinning 
iteration step and realistic loading condition are essential for enhancing the accuracy of the 
simulation, for such information may have influence on the calculation of strain in the callus. 

Finally, a quantitative relationship between the working length and the fracture healing, and the 
relationships between working length and different type of fractures are strongly needed for the 
further study, which is a prat of our future work.  
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