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Abstract—This study aimed to evaluate the external fixation 

for femoral bone fracture by possibly using the 10-hole 

locking compression plates (LCPs). A comparison of LCPs, 

including 10-hole board LCP and 10-hole narrow LCP, was 

analyzed under femoral bone cutting at a 1 mm increment. 

The maximum load on 800 N, then, the structure was 

analyzed for dual LCP by making the implant model on the 

side lateral-anterior. The result of the study demonstrated 

that both board LCP and narrow LCP had the maximum 

stiffness above the maximum stress of the structure and 

greater than the ultimate tensile stress of 304-stainless steel. 

Recheck a board LCP model that was unable by torsion load 

on 12 Nm. Thus, increasing a board LCP on the side anterior 

of the femur, or dual LCP, was appropriated to treat femoral 

bone fracture as the external fixation because dual LCP can 

be the overall load.   

 

Keywords—finite element analysis (FEA), external fixation, 

locking compression plates (LCP), stiffness, treatment  

 

I. INTRODUCTION 

The prognosis of femoral fracture surgical treatment is 

needed for the treatment methods that engineering 

principles use to help medical to ensure the accuracy and 

speed of the surgery both can select the appropriate 

equipment for the surgical treatment of external femoral 

fractures by locking compression plates (LCP). In the 

surgical treatment for fracture of the femoral bone, there 

are 3 types of fixation methods with a variety of equipment 

appropriate, including nails, commonly used to treat 

fractures inserted in the central canal of the long bone, 

plates, and screws, a usual implant which place on the bone 

surface, and external fixation included the pins that are 

drilled into the bone and linked to a metal bar which is set 

away from the fracture site on both ends of the fracture. 

The finite element analysis (FEA) could calculate the 
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stiffness and assess the fixation models for femoral bone 

fracture.  

External fixation could be a reliable treatment for the 

femur and tibia fractures and nonunion, which are 

associated with bone defects a method to calculate the 

stiffness of external fixation is compared with the 

Unilateral method because of a similar structure by there 

is stiffness of 107–126 N/mm. Therefore, the studies of 

LCP were more acceptable in those patients and might 

display favorable outcomes, especially in soft tissue or 

skin healing and infection resolution [1–5].  

The locking compression plate (LCP) is used for 

internal fixation for various types of long bone fractures. 

A recent study demonstrated that the lateral-medial 

configuration of the dual plate of the 10-hole LCP had the 

highest stiffness at 715.41 N/mm [6].  

The previous study exhibited the fresh femoral bone 

properties had Young’s modulus and Poisson’s ratio at 

304.4756 MPa, and 0.3334, respectively, which the 

surrogate model identified. Therefore, these values of fresh 

femoral bone properties could be used to fit the external 

fixation of the femoral bone model [7]. Moreover, 

biomechanical testing for maximum stiffness in the 

construct rotation in the spinal instrument experiment 

could be applied [8]. Internal fixation with a lateral plate 

could provide successful outcomes in fractures with gaps 

[9]. Moreover, Chen et al. conducted FEA for spanning 

LCP in the periprosthetic femoral fracture, demonstrating 

that it could increase the local compressive stiffness [10]. 

Recent studies demonstrated that quantitative computed 

tomography and FEA could be used to investigate the 

mechanical characteristics of fractured distal femurs 

[11,12]. The computerized analysis as finite element 

models had improved fracture assessments of bone 

experiments from the literature and predicted the fracture 

load of bone [13–27]. Furthermore, FEA proceeded with 
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the implant testing and vibration by calculating the natural 

frequency of the beam structure [28–30], and the structure 

has been analyzed by nonlinear to use for a composite 

structure which used FEA for structural analysis to failure 

[31–33]. 

Therefore, the study aimed to calculate the stiffness of 

10-hole LCP as an external fixation for the femur and 

studied the possibility of determining the LCP applied to 

treat the external fixation method for the femoral bone 

fracture. There are 2 types of LCP to find strength is the 

best; the case studies have single LCL and dual LCP to 

find stiffness compared. 

II. MATERIALS AND METHODS 

A. Material Property 

The 10-hole broad LCPs with a dimension width of 17 

mm, 186 mm in length, and a thickness of 6 mm were used 

to experiment. The distance between screw holes was 18 

mm. The 10-hole narrow LCP was a width of 14 mm, a 

length of 192 mm, and a thickness of 6 mm, with the 

distance between screw holes at 20 mm. Screws had a head 

diameter of 5 mm, and a length of 130 mm. The models of 

femoral bone presented a height of 420 mm, and a diameter 

of the midshaft at 25 mm. Material properties had 

Poisson’s ratio and Young’s Modulus [6,7] for simulation 

in FEA was shown in Table I. 

TABLE I.  MATERIAL PROPERTIES ARE USED FOR FINITE 

ELEMENT ANALYSIS 

Material 
Poisson’s 

ratio 

Young’s Modulus 

(MPa) 

Screw (Stainless 

steel) 
0.3100 200,000 

LCP (Stainless steel) 0.3100 200,000 

Femur bone 0.3334 304.4756 

B. Finite Element Methods 

The finite element method (FEM) is a numerical 

analysis technique for assessing approximate solutions to 

partial differential equations along with integral equations 

and the results are based on the differential equations. The 

mathematical integrations use standard mathematical 

techniques such as the Euler method and Runge Kutta 

methods to solve the differential equations. The partial 

differential equation is to create an equation that can 

approximate the equation of interest to study. This means 

that any discrepancies in the input and intermediate 

calculations will not be included and result in data output 

being meaningless. There are several methods available 

with different advantages and disadvantages. However, 

FEMs are a good choice for solving complex domains of 

differential equations. 
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L


elongation,  = 

longitudinal deformation, L = length of the member, G = 

rigidity modulus,  = Poisson’s ratio. 

This study conducted the boundary conditions, which 

were calculated according to the axial load by compression 

of 800 N on the proximal femur, with the construct of the 

fixed distal femur. The contact surface between the bone 

screw was bonding and the bonding set contact surface of 

a gap was frictionless. The mesh size analysis convergence 

on 4 mm of bone has a number of 77,738 elements. The 

process of simulation is shown in Fig. 1. 

 

Figure 1. The workflow of the simulation.
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C. External Fixation for the Femur 

PowerShape software (Autodesk Inc., San Rafael, 

California, USA) generated the implant models. ANSYS 

workbench software (ANSYS Inc., Canonsburg, 

Pennsylvania, USA) was calculated for the stiffness of 

LCP-external fixation with the process workflow in Fig. 2. 

 

Figure 2. The workflow of the external fixation process by 10-hole LCP. 

The Firstly has compared a stiffness type of LCP by 

bone cutting of 1 mm to 5 mm for compression load. 

Secondly, a simulation of a single LCP and dual LCP was 

performed for a torsional load to calculate stiffness, and 

test a 4-point bending load on the anterior-posterior, and 

lateral-medial for a bone gap of 3 mm because a maximum 

gap of bone able healing. 

III. RESULT AND DISCUSSION 

Broad LCP had a maximum stress of 321.81 MPa and a 

stiffness of 151.20 N/mm by the axial load on a gap of 1 

mm. For a gap of 5 mm, the maximum stress and stiffness 

were 507.76 MPa and 84.89 N/mm, respectively. For a 

bone gap of 3 mm model by torsional load, the maximum 

stress occurred on the screw at 1033 MPa and the stiffness 

at 0.253 Nm/degree. On the side anterior-posterior bend, a 

4-point bending load had maximum stress of 137.87 MPa, 

and stiffness at 261.45 N/mm. On the side lateral-medial 

bend, a 4-point bending load had the maximum stress at 

386.75 MPa, and stiffness was 261.45 N/mm. The stiffness 

and maximum stress were 150.20 N/mm and 365.05 MPa, 

respectively, for narrow LCP from the axial load on a gap 

of 1 mm. While a gap of 5 mm has maximum stress of 

630.37 MPa and stiffness was 84.34 N/mm. The stress of 

the structure was more than the ultimate tensile stress of 

304 stainless steel, which was 586 MPa. A dual LCP at a 

bone gap of 3 mm has a stiffness on the side lateral-anterior 

for the axial load at 116.45 N/mm, stress was 258.95 MPa, 

torsional load stiffness was 378.55 N∙mm/degree, 

maximum stress was 578.18 MPa, a 4-point bending load 

stiffness at 625.00 N/mm, and stress was 414.09 MPa on 

the side anterior-posterior bend. Moreover, a 4-point 

bending load had a stiffness of 421.05 N/mm, and stress 

was 476.3 MPa on the side lateral-medial bend.  

A. Compare the Type of Locking Plate by Cutting off 

the Femur Bone 

The dimension and configuration of external fixation for 

femoral bone were calculated for the stiffness by 

comparing the board LCP and narrow LCP of 10-hole LCP. 

A model was created in PowerShape software as shown in 

Fig. 3. For dual LCP testing, the distance between the 

screw holes on the plate was 36 mm. Therefore, the 

distance between screws purchased in the bone was 18 mm 

when double-LCP was applied to the model used for FEA 

in ANSYS workbench software shown in Fig. 4.  

A board LCP had a von Misses stress less than a narrow 

LCP, which was the maximum stress of 507.76 MPa and 

630.37 respectively on the femoral bone for a gap of 5 mm, 

the result occurs stress is more than the ultimate tensile 

stress of stainless steel 304 and identifies on a maximum 

gap of 5 mm for a narrow LCP model that structure was 

ability maximum load at 800 N as shown in Fig. 5.  

A board LCP had a stiffness was 151.20 N/mm a narrow 

LCP had a stiffness was 150.20 N/mm on the femoral bone 

for a gap of 1 mm, the femoral bone gap of 5 mm a board 

LCP has a stiffness was 84.89 N/mm and a narrow LCP 

has a stiffness was 84.34 N/mm as shown in Fig. 6. As a 

result of identifying stiffness, thus as select board LCP to 

check torsion and 4-point bending load by a bone gap of 3 

mm because a maximum bone for healing was a maximum 

gap of 3 mm [1] and stiffness had less than Unilateral 

method [2] compared with dual LCP model that was fixed 

on side lateral-anterior. 
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Figure 3. Models of the 10-hole LCP (a) board 10-hole LCP (b) 
narrow 10-hole LCP. 

 

 

Figure 4. Shows boundary condition axial load at 800 N (a) board 10-
hole LCP (b) narrow 10-hole LCP. 

 

 

Figure 5. The comparison of the stress of the locking compression 

plate (LCP) for the femoral bone cutting off every 1 mm to a 

maximum load at 800 N. 

 

Figure 6. The comparison of the stiffness of the locking compression 
plate (LCP) for the femoral bone cutting off every 1 mm to 5 mm. 

B. Recheck Torsion Load and 4-point Bending Load 

The torsion load was applied at 12,000 N∙mm for the 

proximal femur with the fixed distal femur for a femoral 

bone gap of 3 mm. A maximum rotation in a single LCP 

was 47.4 degrees and a maximum rotation in a dual LCP 

was 31.7 degrees shown in Fig. 7. The position of 

maximum stress in the first screw near the proximal occurs 

in both configurations, a single LCP had maximum stress 

of 1033 MPa and the maximum stress of a dual LCP was 

578.2 MPa for a single LCP had stress more than the 

ultimate tensile stress of stainless steel 304 thus as the 

structure was a deformed shown in Fig. 8. 

 

Figure 7. Shows compare a rotation by torsion load applied 12,000 

N.mm (a) single LCP, and (b) dual LCP. 
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Figure 8. The comparison of the stress by torsion load applied 12,000 
N.mm (a) single LCP and (b) dual LCP. 

The 4-point bending load was applied for 800 N on the 

side in the anterior-posterior direction for a femoral bone 

gap of 3 mm.  The anterior-posterior stimulus had a 

maximum stiffness of dual LCP stiffness higher than a 

single LCP by considering bone gap fracture size position 

that a single LCP had a maximum displacement of 3.06 

mm and a dual LCP had a maximum displacement of 1.28 

mm shown in Fig. 9. 

 
 

 

Figure 9. Show deformation of 4-point bending at load 800 N on the anterior-posterior bend in (a) single LCP and (b) dual LCP. 

The 4-point bending was loaded for 800 N in the lateral-

medial direction for a 3 mm gap fracture of femoral bone 

which displayed a maximum stiffness in dual LCP which 

had a displacement on fracture position of 1.90 mm and 

single LCP had a displacement on fracture position of 1.98 

mm shown in Fig. 10. 

 

Figure 10. Show deformation of 4-point bending at load 800 N on the lateral-medial bend in (a) single LCP and (b) dual LCP. 
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The limitations of this study. Firstly, this study used a 

fresh femoral bone model with individual femoral 

properties and might have different mechanical properties 

from the input to calculate stiffness in the FEA model. 

Secondly, the external fixation with LCP was a variant 

construct from the external fixation. Muscles and soft 

tissues envelop affect the outcomes.  

This study examined the 10-hole LCP application as an 

external fixation for a femoral fracture. The calculation for 

the stiffness of configuration was to compare the stiffness 

of external fixation that can be used to treat or not to treat. 

In Fig. 4 the maximum gap was 5 mm for narrow LCP 

which was a von Misses stress higher than 586 MPa for the 

ultimate tensile stress of stainless steel 304. A maximum 

gap of 3 mm for a recheck by stiffness because stiffness 

was lower than the Unilateral method. The stiffness of 

378.55 N.mm/degree by torsion for dual LCP and a single 

LCP had a stiffness of 253.16 N/degree while a single LCP 

had maximum stress was 1033 MPa which had stress more 

than the ultimate tensile stress of stainless steel of 587 MPa 

thus a single had a deform when torsion load at 12,000 

N.mm. The result of a 4-point bending load on the side 

anterior-posterior had a stiffness of 625 N/mm for a dual 

LCP and a single LCP with a stiffness of 261.45 N/mm, 

and the stiffness of a dual LCP had better than a single LCP 

of 239%. The 4-point bending load on the side lateral-

medial had a stiffness of 421.05 N/mm for a dual LCP and 

a single LCP had a stiffness of 404.04 N/mm, the stiffness 

of a dual LCP had better than a single LCP of 104%. 

As a result of stiffness, a dual LCP for external fixation 

of femoral bone had stiffness higher than the Unilateral 

method [2], thus a 10-hole LCP for external fixation may 

be used clinically if used to double plate. The study of a 

dual LCP use for external fixation of the femoral which 

identified a maximum stiffness of 116.45 N/mm compared 

to the stiffness of the Unilateral method of 107 N/mm was 

acceptable in safety engineering design [2]. These clinical 

practices commonly apply for external fixation, which 

often uses two, three, or four pins to fix the distal and 

proximal parts of the fracture. An advantage of using FEA 

was predicting treatment results in the femoral bone 

fracture model. However, the disadvantage of FEA is that 

validation with biomechanics testing is required. 

IV. CONCLUSION 

Reconstruction found that the stiffness represents the 

strength of external fixation for femoral bone [1]. FEA is 

applied to orthopedic surgery to the prognosis of the 

implant. External fixation of femoral bone is a common 

treatment for infection in surgery and severe injury of a 

long bone fracture. 

For a gap calculation at the maximum of 5 mm, for 10-

hole LCP with the axial load of 800 N, a deformed 

structure of the implant was found to be better with board 

LCP than narrow LCP. Recheck torsion load at 12,000 

N.mm [6] found that a single LCP was a failure because 

the maximum von Misses stress had more than the ultimate 

tensile stress of stainless steel. The bending load on the 

side of the anterior-posterior was found to be a dual LCP 

with better stiffness than a single LCP. Dual LCP had a 

stiffness better than a single LCP by bending load on the 

side lateral-medial. 

However, femur bone fracture treatment with external 

fixation needs to use a method that had stiffness higher 

than 107–126 N/mm for external fixation [2]. In this study, 

a dual LCP was suitable for a treatment surgery femoral 

bone of external fixation in which a configuration had a 

strength. 
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