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Title and Abstract

Title Finite Element Analysis of Magnesium AZ31B Materials for Biodegradable Bone Screw Application

Abstract The bone implant functions for the load bearing and aims to support the integration of fractured bone.

It may increase the strength of the broken bones and also at the same time support bone regeneration

and integration. Bone screws are usually attached to the implant plate and bonded to the surface of the

fractured bone by screwing the bone screws through the bone structure. In its implementation, a non-

degradable implant needs a second operation for the patient to take out the implant. Currently,

biomedical researchers are trying to produce bone implants that are degradable or bioresorbable

materials. Magnesium (Mg) alloy is a potential biomaterial for bone implants, as Mg is a degradable

material. Mg is one of the elements needed and harmless to the human body. This study focuses on

finite element analysis (FEA) for the bone screw design of Magnesium alloy that has been well known as

a potential candidate for biodegradable bone screw and plate application. The three dimensions (3D)

design was done by using Solidworks software, and finite element analysis was performed using ANSYS

by calculating the moment, pullout, and force bending received by bone screws. The validatation results
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of the design carried out with several analytical tests before the production of bone screws is proposed.

The FEA simulation of bone screws pullout has a total deformation of 0.028 mm and a von Mises stress

of 134.25 MPa for a pullout load of 1100 N. The bone screws torsion with a torque of 883 N.mm, the

total deformation is 0.988 mm and for bone screws bending with a total deformation of 5,4352 mm has

a von Mises stress of 25.706 MPa. AZ31B bone screws, based on the design, are safe and capable of

handling the maximum load and deformation during the implantation. In vitro biocompatibility and in

vivo studies is needed for further assessment of the design.

Indexing

Keywords Magnesium AZ31B, Bone Screws, FEA, Pullout, Torsion, Bending.
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Optimization Design of Bone Crews Biodegradable with Magnesium AZ31B Based on 

Finite Element Analysis 
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Abstrack 

Bone implant has a function for the load bearing and aims to support the integration of fractured bone. It may 

increases the strength of the broken bones and also in the same time support bone regeneration and integration. 

Bone bolts are usually attached to the implant plate and bonded to the surface of the fractured bone by screwing 

the bolt through the bone structure. In its implementation, a non-degradable implant that need the second 

operation for the patient to take out the implant. Currently, biomedical researchers are trying to produce bone 

implants that are degradable or bioresorbable materials. Magnesium (Mg) alloy is a potential biomaterial for 

bone implants, as Mg is a degradable material. Mg is one of the element that needed and harmless to the human 

body, light weight, and has good mechanical strength. This study aims to simulate the load on biodegradable 

bone screws of Magnesium AZ31B. The three dimensions (3D) design was done by using Solidworks software, 

and then the finite element analysis was perform using ANSYS by calculating the moment, pullout and force 

bending received by bone screws. The FEA simulation of bone screw pullout has a total deformation of 0.028 

mm and a von misses stress of 134.25 MPa for a pullout load of 1100 N, then for bone screw torsion with a 

torque of 883 N.mm, the total deformation is 0.988 mm and for bone screw bending with total deformation of 

5,4352 mm has a von misses stress of 25,706 MPa. The use of AZ31B bone screws based on the designed is safe 

and capable to handle the maximum load and deformation during the implantation, and it recommends for 

further in vitro biocompatibility and clinical testing. 
 

Keywords: Magnesium AZ31B, Bone Screw, FEA, Pullout, Torsion, Bending. 

 

1. Introduction 

Bone bolts are used to increase strength and 

resistance to failure in the healing process of bone 

cracks. To optimize the design, which reduces the 

destructive effect and increases the efficiency of the 

implant, many studies use numerical simulations in 

combination with algorithm optimization. One of 

the main objectives of implantable components is to 

strengthen bones and reduce damage by using the 

taguchi method and the finite element method so as 

to optimize the design and engineering of bone 

screws [1]. In research conducted previously by 

tilton [2] using mechanical testing and simulation 

of elements to increase the bending strength of tibia 

bone screws, currently the use of titanium and 

stainless steel materials that are still often used but 

have shortcomings that is, the second operation was 

performed. …. 

Magnesium material is one of the 

recommended materials for biomaterial base 

materials. The mechanical properties of magnesium 

and alloys have a low density (1.74-2.0 g/cm3) and 

a modulus of elasticity (41-45 GPa), Approaching 

the bone modulus [3], The biodegradebility of 

magnesium and its alloys in the human body 

environment avoids a second operation for 

temporary implants. The design of the bone bolts to 

be used refers to the Depuy Synthes Instruments 

and implants catalog [4], with specifications, sizes 

and types of materials. The use of biomaterials is 

not only used in the body but something that helps 

or is in contact with the human body aims to cure a 

malfunction of the body in humans such as cracked 

bone healing aids (bone bolts-plates), stroke disease 

therapy tools [15] and such glasses used for the 

therapy of eye diseases (cornea). 

….. 

….. 

2. Materials and Methods 

The research was conducted in March - 

August 2022, the design process and simulation of 

bone bolts were carried out at the Structural 

Mechanics Laboratory of the Department of 

Mechanical Engineering, University of Lampung in 

accordance with the catalog of Depuy Synthes 

Instruments and implants, then using magnesium 

AZ31B material in the form of a pejal cylinder with 

an initial diameter of 10 mm and a length of 130 

mm. After preparing the tools and materials first 

carry out a 3-dimensional design process using 

solidworks then the FEA analysis process is carried 

out. The analysis process is carried out using ansys 

software with procedures such as input data 

engineering, import geometry, meshing, boundary 

conditions, pullout bone screw, torsion and bending 

force testing, so as to get FEA results in the form of 

total deformation and von misses stress. 

 

2.1. Materials  

Magnesium material is a light metal with a 

density of about 1.77 g/cm3. The use of material in 

the FEA simulation of cortical bones is assumed to 

be normal cortical bones with a density of 1.61 

g/cm3 – 1.77 g/cm3 [13]. Magnesium-based 
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biomaterials have greater toughness compared to 

ceramic and polymer-based biomaterials because 

their elastic modulus is about 45 GPa. The modulus 

of elasticity of magnesium metal material has 

characteristics that are almost close to the nature of 

the modulus of elasticity of human bones, which is 

about 7-25 GPa [5] while bone bolts are made of 

Ti-6Al-4V material with modulus young and 

poisson ratios of 113 GPa and 0.3 [6]. This study 

used magnesium material AZ31B extrude rod with 

a diameter of 10 mm with a length of 130 mm. The 

tensile test graph and mechanical properties of 

magnesium material AZ31B with cortical bone are 

as follows figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.  Tensile test graph of stress vs strain 

 

Table 1. Mechanical properties Mg AZ31B and 

cortical bone 

 

No Materials Parameter 

1 Mg AZ31B Yield 

Strength 
153,15 MPa 

Modulus 

young 
44,28 GPa 

Density 1,77 g/cm3 

Poisson 

Ratio 
0,35 

Ultimate 258,44 MPa 

2 Cortical 

bone 

Modulus 

Young 
20 GPa 

Density 1,7 g/cm3 

Poisson 

Ratio 
0,25 

 

2.2. Analysis Methods   

Development and production in bone bolt 

engineering where this research is expected to be in 

accordance with standard procedures and can be 

commercialized. In the method carried out the 

analysis process, conduct tensile testing (ASTM 

B557) to determine the ultimate tensile strength and 

modulus young, enter engineering data from the 

results of tensile testing of magnesium material 

AZ31B then simulate FEA bone screws torsion, 

bone screws pullout and bone screws bending then 

carry out mesh convergence. In the analysis with 

FEA, the results of total deformation, von misses 

stress and linearized von misses stress were 

obtained. The method used in conducting the 

analysis using ansys software is like figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.  Flowchart of simulation methods 

 

3. Results and Discussion. 

The results and discussions in the research 

that have been carried out are through several 

stages such as CAD design (solidworks), input 

engineering data (ultimate tensile strength, poisson 

ratio, density), determination of meshing, boundary 

conditions (bone screws torsion, bone screws 

pullout, bone screws bending testing force), solve 

and result (total deformation and von misses stress) 

are as follows:   

 

3.1 Geometry CAD  

Bone screws with a diameter of 5 mm, 

length of 40 mm, and pitch of 1 mm are the 

geometric dimensions of the cortical bone screws to 

be used. The bone screws in previous studies were 

modified to provide variations in design factors 

such as pitch length, main diameter, thread profile, 

and geometry. In biswas research [6], a total of 84 

FE models were developed with seven pitch lengths 

(1, 1.5, 2, 2.5 ,3, 3.5 and 4 mm). Tetteh and 

McCullough [17] focused on the thread profile and 

thread shape effect on the transfer rate of stress 

distribution in the bone using finite element 

analysis. It was concluded that bone screws with a 

trapezoidal threaded shape are able to transfer 

higher stress to surface contact in cortical bones. 

Zain's research [18] studied the orthopedic stress 

distribution of screws implants in trabecular bones, 
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which are very porous with biological tissues. In 

this study the shape of the screws, the profile of the 

thread, and its details are presented in figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.  (a) 3D geometry of bone screws, (b) 

Geometry of 2-D bone screws, (c) manufacturing of 

bone screws  

 

The geometric dimensions of bones are 

adjusted to human bones in general. For the step to 

be worked out, first make a hole with a hole 

diameter of 5 mm produced by drilling in the 

middle part of the bone prepared in such a way that 

the upper and lower parts of the bone can be drilled 

in the same direction. For the process of combining 

the bolts and bone plates to be attached can be 

described in figure 4. 

 

 

 

 

 

 

 

 

 
Figure 4. Assembly bolts and bone plates 
 

 

While in the geometry assembly of bone 

bolts, bone plates and cortical bones, there will be 

contact with surfaces such as plate contact with 

cortical bone, bone plate with bone bolts and bone 

bolts with cortical bone. For bone plate assembly, 

bone bolts and cortical bone as figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.  Assembly of bone screws, bone plates and 

cortical bones 
 

3.2 Meshing 

Meshing is performed to divide the model 

parts into small element parts. Meshing is useful for 

determining the distribution of a given stress. For 

the type of meshing used using tetrahedral elements 

because it is a type of meshing that is quite accurate 

for fairly complex geometry details. In the study 

conducted there were 3 parts, namely bone bolts 

and bone bolt assembly, bone plates with cortical 

bones as figured 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6. Assembly element meshing 

 

 

Table 2. Mesh Convergence 

(a) 

(b) 

(c) 

(a) 

(b) 
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Simulasi FEA Element Total Deformasi (mm) Von Misses Stress 

(MPa) 

Bone Screw Torsion 230247 0,988 16.984 

Bone Screw Pullout 401119 0,028 134,25 

Bone Screw Bending Force 230247 5,4352 25.706 

 

For meshing, a 4-noded tetrahedron 

element is used and convergence analysis is 

performed by resetting the element size until an 

error of less than 3% [7]. Meanwhile, the research 

conducted mau [14] carried out meshing with 

tetrahedral elements as many as 140298 elements 

with an element size of 0.8 mm with almost the 

same design dimensions geometry. 

 

3.3 Boundary Conditions 

Boundary conditions were performed on 

FEA simulations of bone screws aimed at 

determining the limit conditions to be accepted by 

the predetermined bone bolt design. Boundary 

conditions are performed on bone screws with 

torsion conditions, pullout bone screws and bending 

bone screws. In the boundary conditions of bone 

screws pullout, FEA simulations use variations in 

the load that is assumed to be received by the 

human body, namely 700 N, 800 N, 900 N, 1000 N 

and 1100 N.  With FEA simulation, it is able to find 

out the location of the maximum stress and 

deformation on the bone bolts. There is a series in 

carrying out boundary conditions, which is like 

figure 7 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. Boundary Conditions Assembly Bone Plate 

Bolts, (a) Bone Screw Pullouts, (b) Bone Screw 

Torsions, (c) Bone Screw Bending 
 

In the FEA simulation, boundary 

conditions have been carried out with fix support 

on the bone while the force is given in the direction 

of the bone screws axis with tensile load conditions. 

While the Boundary condition is carried out with 

bone assembly and screws with engineering data 

according to the actual condition of both bone 

material and Mg AZ31B material. The torsion FEA 

simulation test was given moments of 883 N.mm 

[8], 706. 9 N.mm, 651.1 N.mm, 628.9 N.mm [9] 

clockwise and in bone screws bending boundary 

fixed condition support was given to the bone then 

loading by diplacement against the axis 

perpendicular to the bone screws. In the FEA 

simulation research that has been carried out, 

namely the x-axis: 5 mm, the y-axis: free and the z-

axis: free. 

 

3.3 Bone Screws Pullout 

Bone screws pullout testing is a test with 

FEA simulation to determine the deformation and 

maximum load that a bolt can receive on a load in 

the direction of the bone screws. The bone screws 

pulllout image is like figure 8 as follows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8. (a). Cortical Bone (b). Pullout schematic, (c) 

Von Misses Stress, (d) Total Deformation 
 

Then after FEA simulations were carried 

out on bone screws pullouts total deformation of 

0.028 mm and von misses stress of 134.25 MPa 

against pullout loads of 1100 N in FEA simulations, 

in the test the greater the load given by pullouts, the 

greater the deformation produced. The research 

conducted by Keshtiban [16] was obtained with a 

cortical screw FEA von misses stress of 449 MPa 

and a total deformation of 0.0624 mm with 
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Ti6Al4V material. The bone screw pullout chart is 

like figure 9 as follows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 9. Graph of total defromation to force 

variations 
 

In FEA simulations that the greater the 

pullout tensile load, the greater the deformation that 

the bone screws produce against the cortical bone. 

The pullout load on the normal cortical bone is 

1450 N [10] while at a load of 1100 N with a total 

deformation of 0.2 mm it is made of stainless steel 

[11]. In addition to knowing the load given to the 

total deformation and von misses stress obtained, it 

is also necessary to know the stress distribution of 

bone screws in pullout conditions. This condition is 

carried out in order to be able to find out the stress 

distribution that occurs on the length of the bone 

screws. The linearized von misses stress condition 

against the length of the screws is as figured 10-11 

as follows. 

 

 

 

 

 
Figure 10. Linearized equivalent stress bone screws 

pullout 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 11. Linearized von misses stress bone screws 

pullout graph 

In FEA testing, a graph of stress 

distribution over bone screws length was obtained. 

The stress distribution that occurs, namely on the 

screws head of 2.9376 mm, the stress occurs at 

26,852 MPa then on the screws rod 4.896 mm 

experiences a maximum stress of 62,538 MPa, then 

the farther from the pullout condition, the stress 

drops more and lower at a distance of 46.023 mm 

has the lowest stress of 0.26643 MPa. 

 

3.3 Bone Screws Torsion 

After the boundary condition is carried 

out, the results of the FEA simulation of total 

deformation will be obtained and it appears that 

there is damage to the bone which resulted in the 

moment given. FEA moment simulation testing is 

carried out in order to find out the maximum 

moment given by the bolt until there is damage to 

the bone. From the research of Moldovan and 

Bataga [12] to determine the optimal torque, it 

refers to the graph of the torque variation curve 

such as threshold torque, peak clamping torque, 

peak failure torque. The chart is like figures 12-13. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 12. Graph of variations in torque conditions 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 13. Total Deformation (a). FEA, (b). 

Ekperimental [12] 
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3.4 Bone Screws Bending 

In bone screws bending testing aims to 

determine the maximum load that can be received 

by the bolt assembly and bone with a longitudinal 

loading perpendicular to the bone screws. From the 

boundary conditions given, then a FEA simulation 

is carried out, it will find out the deformation of the 

stress. The results of the FEA simulation are like 

figure 14 as follows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 14. (a). Total Deformation, (b). Von Misses 

Stress 
 

Then bone screws bending is given a 

conditions on the path along the screws to 

determine the stress distribution to the length of the 

bone screws. the results of linearized equivalent 

srtess bone screws bending are as figure 15 as 

follows. 

 

 

 

 

 

 

 

 

 

 
Figure 15. Linearized equivalent stress bone screws 

bending 
 

 

 

In a FEA simulation that has been done 

that the bone screws will deform when receiving 

the maximum load. The part of the bone screws that 

receives tension in the bone screws display is 

known to be linearized von misses stress. The graph 

of the stress that occurs along the bone screws is as 

figure 16 as follows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 16. Stress graph along bone screws 

 

From a linearized graph of von misses 

stress along bone screws that receive the load. The 

stress distribution that occurs, namely in the screws 

head of 2.9376 mm, the stress occurs at 8924.8 

MPa (8.9248 GPa) then in the screws rod 4.896 mm 

it experiences a maximum stress of 11960 MPa 

(11,960 GPa), then the farther from the bending 

condition, the stress drops further at a distance of 

46,023 mm has the lowest stress of 8.8482 MPa. 

 

4. Conclusions. 

In the FEA simulation test, the greater the 

tensile load given, the greater the deformation 

produced, then for the torsion bone screws with a 

torque of 883 N.mm the maximum deformation of 

0.988 mm, and the bone screws bending the greater 

the deformation, the greater the deformation, it will 

produce a greater force reaction. From the research, 

it can be seen that by simulating the FEA method, it 

can minimize failures in designing before 

manufacturing, especially for the application of 

bone screws made from magnesium AZ31B. 
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Optimization Design of Bone Crews Biodegradable with Magnesium AZ31B Based on 

Finite Element Analysis 
 

 

 

 

 

Abstract 

Bone implant has a function for the load bearing and aims to support the integration of fractured bone. It may 

increases the strength of the broken bones and also in the same time support bone regeneration and integration. 

Bone bolts are usually attached to the implant plate and bonded to the surface of the fractured bone by screwing 

the bolt through the bone structure. In its implementation, a non-degradable implant that need the second 

operation for the patient to take out the implant. Currently, biomedical researchers are trying to produce bone 

implants that are degradable or bioresorbable materials. Magnesium (Mg) alloy is a potential biomaterial for 

bone implants, as Mg is a degradable material. Mg is one of the element that needed and harmless to the human 

body, light weight, and has good mechanical strength. This study aims to simulate the load on biodegradable 

bone screws of Magnesium AZ31B. The three dimensions (3D) design was done by using Solidworks software, 

and then the finite element analysis was perform using ANSYS by calculating the moment, pullout and force 

bending received by bone screws. The FEA simulation of bone screw pullout has a total deformation of 0.028 

mm and a von misses stress of 134.25 MPa for a pullout load of 1100 N, then for bone screw torsion with a 

torque of 883 N.mm, the total deformation is 0.988 mm and for bone screw bending with total deformation of 

5,4352 mm has a von misses stress of 25,706 MPa. The use of AZ31B bone screws based on the designed is safe 

and capable to handle the maximum load and deformation during the implantation, and it recommends for 

further in vitro biocompatibility and clinical testing. 
 

Keywords: Magnesium AZ31B, Bone Screw, FEA, Pullout, Torsion, Bending. 

 

1. Introduction 

Bone bolts are used to increase strength and 

resistance to failure in the healing process of bone 

cracks. To optimize the design, which reduces the 

destructive effect and increases the efficiency of the 

implant, many studies use numerical simulations in 

combination with algorithm optimization. One of 

the main objectives of implantable components is to 

strengthen bones and reduce damage by using the 

taguchi method and the finite element method so as 

to optimize the design and engineering of bone 

screws [1]. In research conducted previously by 

tilton [2] using mechanical testing and simulation 

of elements to increase the bending strength of tibia 

bone screws, currently the use of titanium and 

stainless steel materials that are still often used but 

have shortcomings that is, the second operation was 

performed.  

Magnesium material is one of the 

recommended materials for biomaterial base 

materials. The mechanical properties of magnesium 

and alloys have a low density (1.74-2.0 g/cm3) and 

a modulus of elasticity (41-45 GPa), Approaching 

the bone modulus [3], The biodegradebility of 

magnesium and its alloys in the human body 

environment avoids a second operation for 

temporary implants. The design of the bone bolts to 

be used refers to the Depuy Synthes Instruments 

and implants catalog [4], with specifications, sizes 

and types of materials. The use of biomaterials is 

not only used in the body but something that helps 

or is in contact with the human body aims to cure a 

malfunction of the body in humans such as cracked 

bone healing aids (bone bolts-plates), stroke disease 

therapy tools [15] and such glasses used for the 

therapy of eye diseases (cornea).  

 

2. Materials and Methods 

The research was conducted in March - 

August 2022, the design process and simulation of 

bone bolts were carried out at the Structural 

Mechanics Laboratory of the Department of 

Mechanical Engineering, University of Lampung in 

accordance with the catalog of Depuy Synthes 

Instruments and implants, then using magnesium 

AZ31B material in the form of a pejal cylinder with 

an initial diameter of 10 mm and a length of 130 

mm. After preparing the tools and materials first 

carry out a 3-dimensional design process using 

solidworks then the FEA analysis process is carried 

out. The analysis process is carried out using ansys 

software with procedures such as input data 

engineering, import geometry, meshing, boundary 

conditions, pullout bone screw, torsion and bending 

force testing, so as to get FEA results in the form of 

total deformation and von misses stress. 

 

2.1. Materials  

Magnesium material is a light metal with a 

density of about 1.77 g/cm3. The use of material in 

the FEA simulation of cortical bones is assumed to 

be normal cortical bones with a density of 1.61 

g/cm3 – 1.77 g/cm3 [13]. Magnesium-based 

biomaterials have greater toughness compared to 
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ceramic and polymer-based biomaterials because 

their elastic modulus is about 45 GPa. The modulus 

of elasticity of magnesium metal material has 

characteristics that are almost close to the nature of 

the modulus of elasticity of human bones, which is 

about 7-25 GPa [5] while bone bolts are made of 

Ti-6Al-4V material with modulus young and 

poisson ratios of 113 GPa and 0.3 [6]. This study 

used magnesium material AZ31B extrude rod with 

a diameter of 10 mm with a length of 130 mm. The 

tensile test graph and mechanical properties of 

magnesium material AZ31B with cortical bone are 

as follows figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.  Tensile test graph of stress vs strain 

 

Table 1. Mechanical properties Mg AZ31B and 

cortical bone 

 

No Materials Parameter 

1 Mg AZ31B Yield 

Strength 
153,15 MPa 

Modulus 

young 
44,28 GPa 

Density 1,77 g/cm3 

Poisson 

Ratio 
0,35 

Ultimate 258,44 MPa 

2 Cortical 

bone 

Modulus 

Young 
20 GPa 

Density 1,7 g/cm3 

Poisson 

Ratio 
0,25 

 

2.2. Analysis Methods   

Development and production in bone bolt 

engineering where this research is expected to be in 

accordance with standard procedures and can be 

commercialized. In the method carried out the 

analysis process, conduct tensile testing (ASTM 

B557) to determine the ultimate tensile strength and 

modulus young, enter engineering data from the 

results of tensile testing of magnesium material 

AZ31B then simulate FEA bone screws torsion, 

bone screws pullout and bone screws bending then 

carry out mesh convergence. In the analysis with 

FEA, the results of total deformation, von misses 

stress and linearized von misses stress were 

obtained. The method used in conducting the 

analysis using ansys software is like figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.  Flowchart of simulation methods 

 

3. Results and Discussion. 

The results and discussions in the research 

that have been carried out are through several 

stages such as CAD design (solidworks), input 

engineering data (ultimate tensile strength, poisson 

ratio, density), determination of meshing, boundary 

conditions (bone screws torsion, bone screws 

pullout, bone screws bending testing force), solve 

and result (total deformation and von misses stress) 

are as follows:   

 

3.1 Geometry CAD  

Bone screws with a diameter of 5 mm, 

length of 40 mm, and pitch of 1 mm are the 

geometric dimensions of the cortical bone screws to 

be used. The bone screws in previous studies were 

modified to provide variations in design factors 

such as pitch length, main diameter, thread profile, 

and geometry. In biswas research [6], a total of 84 

FE models were developed with seven pitch lengths 

(1, 1.5, 2, 2.5 ,3, 3.5 and 4 mm). Tetteh and 

McCullough [17] focused on the thread profile and 

thread shape effect on the transfer rate of stress 

distribution in the bone using finite element 

analysis. It was concluded that bone screws with a 

trapezoidal threaded shape are able to transfer 

higher stress to surface contact in cortical bones. 

Zain's research [18] studied the orthopedic stress 

distribution of screws implants in trabecular bones, 

which are very porous with biological tissues. In 
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this study the shape of the screws, the profile of the 

thread, and its details are presented in figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.  (a) 3D geometry of bone screws, (b) 

Geometry of 2-D bone screws, (c) manufacturing of 

bone screws  

 

The geometric dimensions of bones are 

adjusted to human bones in general. For the step to 

be worked out, first make a hole with a hole 

diameter of 5 mm produced by drilling in the 

middle part of the bone prepared in such a way that 

the upper and lower parts of the bone can be drilled 

in the same direction. For the process of combining 

the bolts and bone plates to be attached can be 

described in figure 4. 

 

 

 

 

 

 

 

 

 
Figure 4. Assembly bolts and bone plates 
 

 

While in the geometry assembly of bone 

bolts, bone plates and cortical bones, there will be 

contact with surfaces such as plate contact with 

cortical bone, bone plate with bone bolts and bone 

bolts with cortical bone. For bone plate assembly, 

bone bolts and cortical bone as figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.  Assembly of bone screws, bone plates and 

cortical bones 
 

3.2 Meshing 

Meshing is performed to divide the model 

parts into small element parts. Meshing is useful for 

determining the distribution of a given stress. For 

the type of meshing used using tetrahedral elements 

because it is a type of meshing that is quite accurate 

for fairly complex geometry details. In the study 

conducted there were 3 parts, namely bone bolts 

and bone bolt assembly, bone plates with cortical 

bones as figured 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6. Assembly element meshing 

 

 

Table 2. Mesh Convergence 

(a) 

(b) 

(c) 

(a) 

(b) 
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Simulasi FEA Element Total Deformasi (mm) Von Misses Stress 

(MPa) 

Bone Screw Torsion 230247 0,988 16.984 

Bone Screw Pullout 401119 0,028 134,25 

Bone Screw Bending Force 230247 5,4352 25.706 

 

For meshing, a 4-noded tetrahedron 

element is used and convergence analysis is 

performed by resetting the element size until an 

error of less than 3% [7]. Meanwhile, the research 

conducted mau [14] carried out meshing with 

tetrahedral elements as many as 140298 elements 

with an element size of 0.8 mm with almost the 

same design dimensions geometry. 

 

3.3 Boundary Conditions 

Boundary conditions were performed on 

FEA simulations of bone screws aimed at 

determining the limit conditions to be accepted by 

the predetermined bone bolt design. Boundary 

conditions are performed on bone screws with 

torsion conditions, pullout bone screws and bending 

bone screws. In the boundary conditions of bone 

screws pullout, FEA simulations use variations in 

the load that is assumed to be received by the 

human body, namely 700 N, 800 N, 900 N, 1000 N 

and 1100 N.  With FEA simulation, it is able to find 

out the location of the maximum stress and 

deformation on the bone bolts. There is a series in 

carrying out boundary conditions, which is like 

figure 7 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. Boundary Conditions Assembly Bone Plate 

Bolts, (a) Bone Screw Pullouts, (b) Bone Screw 

Torsions, (c) Bone Screw Bending 
 

In the FEA simulation, boundary 

conditions have been carried out with fix support 

on the bone while the force is given in the direction 

of the bone screws axis with tensile load conditions. 

While the Boundary condition is carried out with 

bone assembly and screws with engineering data 

according to the actual condition of both bone 

material and Mg AZ31B material. The torsion FEA 

simulation test was given moments of 883 N.mm 

[8], 706. 9 N.mm, 651.1 N.mm, 628.9 N.mm [9] 

clockwise and in bone screws bending boundary 

fixed condition support was given to the bone then 

loading by displacement against the axis 

perpendicular to the bone screws. In the FEA 

simulation research that has been carried out, 

namely the x-axis: 5 mm, the y-axis: free and the z-

axis: free. 

 

3.3 Bone Screws Pullout 

Bone screws pullout testing is a test with 

FEA simulation to determine the deformation and 

maximum load that a bolt can receive on a load in 

the direction of the bone screws. The bone screws 

pulllout image is like figure 8 as follows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8. (a). Cortical Bone (b). Pullout schematic, (c) 

Von Misses Stress, (d) Total Deformation 
 

Then after FEA simulations were carried 

out on bone screws pullouts total deformation of 

0.028 mm and von misses stress of 134.25 MPa 

against pullout loads of 1100 N in FEA simulations, 

in the test the greater the load given by pullouts, the 

greater the deformation produced. The research 

conducted by Keshtiban [16] was obtained with a 

cortical screw FEA von misses stress of 449 MPa 

and a total deformation of 0.0624 mm with 
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Ti6Al4V material. The bone screw pullout chart is 

like figure 9 as follows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 9. Graph of total defromation to force 

variations 
 

In FEA simulations that the greater the 

pullout tensile load, the greater the deformation that 

the bone screws produce against the cortical bone. 

The pullout load on the normal cortical bone is 

1450 N [10] while at a load of 1100 N with a total 

deformation of 0.2 mm it is made of stainless steel 

[11]. In addition to knowing the load given to the 

total deformation and von misses stress obtained, it 

is also necessary to know the stress distribution of 

bone screws in pullout conditions. This condition is 

carried out in order to be able to find out the stress 

distribution that occurs on the length of the bone 

screws. The linearized von misses stress condition 

against the length of the screws is as figured 10-11 

as follows. 

 

 

 

 

 
Figure 10. Linearized equivalent stress bone screws 

pullout 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 11. Linearized von misses stress bone screws 

pullout graph 

In FEA testing, a graph of stress 

distribution over bone screws length was obtained. 

The stress distribution that occurs, namely on the 

screws head of 2.9376 mm, the stress occurs at 

26,852 MPa then on the screws rod 4.896 mm 

experiences a maximum stress of 62,538 MPa, then 

the farther from the pullout condition, the stress 

drops more and lower at a distance of 46.023 mm 

has the lowest stress of 0.26643 MPa. 

 

3.3 Bone Screws Torsion 

After the boundary condition is carried 

out, the results of the FEA simulation of total 

deformation will be obtained and it appears that 

there is damage to the bone which resulted in the 

moment given. FEA moment simulation testing is 

carried out in order to find out the maximum 

moment given by the bolt until there is damage to 

the bone. From the research of Moldovan and 

Bataga [12] to determine the optimal torque, it 

refers to the graph of the torque variation curve 

such as threshold torque, peak clamping torque, 

peak failure torque. The chart is like figures 12-13. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 12. Graph of variations in torque conditions 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 13. Total Deformation (a). FEA, (b). 

Ekperimental [12] 
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3.4 Bone Screws Bending 

In bone screws bending testing aims to 

determine the maximum load that can be received 

by the bolt assembly and bone with a longitudinal 

loading perpendicular to the bone screws. From the 

boundary conditions given, then a FEA simulation 

is carried out, it will find out the deformation of the 

stress. The results of the FEA simulation are like 

figure 14 as follows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 14. (a). Total Deformation, (b). Von Misses 

Stress 
 

Then bone screws bending is given a 

conditions on the path along the screws to 

determine the stress distribution to the length of the 

bone screws. the results of linearized equivalent 

srtess bone screws bending are as figure 15 as 

follows. 

 

 

 

 

 

 

 

 

 

 
Figure 15. Linearized equivalent stress bone screws 

bending 
 

 

 

In a FEA simulation that has been done 

that the bone screws will deform when receiving 

the maximum load. The part of the bone screws that 

receives tension in the bone screws display is 

known to be linearized von misses stress. The graph 

of the stress that occurs along the bone screws is as 

figure 16 as follows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 16. Stress graph along bone screws 

 

From a linearized graph of von misses 

stress along bone screws that receive the load. The 

stress distribution that occurs, namely in the screws 

head of 2.9376 mm, the stress occurs at 8924.8 

MPa (8.9248 GPa) then in the screws rod 4.896 mm 

it experiences a maximum stress of 11960 MPa 

(11,960 GPa), then the farther from the bending 

condition, the stress drops further at a distance of 

46,023 mm has the lowest stress of 8.8482 MPa. 

 

4. Conclusions. 

In the FEA simulation test, the greater the 

tensile load given, the greater the deformation 

produced, then for the torsion bone screws with a 

torque of 883 N.mm the maximum deformation of 

0.988 mm, and the bone screws bending the greater 

the deformation, the greater the deformation, it will 

produce a greater force reaction. From the research, 

it can be seen that by simulating the FEA method, it 

can minimize failures in designing before 

manufacturing, especially for the application of 

bone screws made from magnesium AZ31B. 
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• In the paper title mentions optimization, 

what optimization method is used? 

• What parameter to describe the 

degradable material? And how does it 

relate to the research results obtained, 

namely deformation and stress? 

• It is necessary to explain why only bone 

screws is analyzed, even though there are 

three components involved where the 

strength is lower than bone screws, 

especially cortical bone. 

• We have changed the title accordingly 

to, “Finite Element Analysis of 

Magnesium AZ31B Materials for 

Biodegradable Bone Screw 

Application”. 

• In this research we concern on finite 

element analysis or the bone screw design 

for Mg that has been well known as the 

best candidate for biodegradable bone 

screw and plate. We have mentionded the 

condition and focus of this study in the 

abstract as, “In vitro biocompatibility and 

in vivo studies is needed for further 

assessment of the design.“ 

• It can be analyzed separately or in an 

assembly one, however in this manuscript 

we focus on the bone screw separately. 

We have inform the condition in the 

abstract as foloow, “This study focuses on 

finite element analysis (FEA) for the bone 

screw design of Magnesium alloy that has 

been well known as a potential candidate 

for biodegradable bone screw and plate 

application.  

2 How is the correlation between the 

literature cited in the introduction with the 

research conducted so that the research 

contribution can be shown 

 

We have added other two international 

references to explain the correlation and 

contribution of our study. 

1) Chandra, G., & Pandey, A. (2021). 

Design and analysis of biodegradable 

buttress threaded screws for fracture 

fixation in orthopedics: a finite element 

analysis. Biomedical Physics & 

Engineering Express, 7(4), 045010. 

2) Mau, J. R., Hawkins, K. M., Woo, S. L. 

Y., Kim, K. E., & Mccullough, M. B. 

Design of a new magnesium-based 

anterior cruciate ligament interference 

screw using finite element analysis. 

Journal of Orthopaedic Translation, 20, 

25-30. 2020. 

3 • The modeling used is static or dynamic 

method? 

• We have added information of the study 

is for static structural in material and 

method section as follow, “The analysis 



• What modeling material is used? 

Elastic, elastic-plastic, viscoelastic or 

something else? Do Bone Screw, 

Cortical Bone and plate use the same 

material model? 

• The stated convergence is written from 

the literature. What is the actual 

convergence result of the modeling? 

Convergence based on number of 

elements or size of elements? 

• What type of contact between bone 

screw – plate, plate-cortical bone and 

bone screw-cortical plate?  

• Models are given various loads. The 

variation of the load describes the load 

according to age, weight of people or 

something else? 

 

process is carried out using Ansys 

software with procedures as follow: 

input data engineering, import geometry, 

static structural, meshing, boundary 

conditions, pullout bone screw, torsion 

and bending testing, to get FEA results 

in the form of total deformation and von 

misses stress. 

• The modeling material used is elastic-

platic as the bone plate and cortical 

bone also do the same material model. 

We added the information accordingly, 

“The use of the material in the FEA 

simulation of cortical bones is assumed 

to be normal cortical bones with a 

density of 1.61 g/cm3 – 1.77 g/cm3 

[10], and the modelling is for material 

elastic-platic.”. 

• Contact surface used “Frictional” one as 

explained in the boundary condition. 

• FEA simulations use the variations in a 

oad that is assumed to be the weight 

body of humans with various ages, as 

follow: 700 N (71,38 kg), 800 N (81.57 

kg), 900 N (91.77 kg), 1000 N (101.97 

kg) and 1100 N (112.16 kg). The 

information is mentioned in the sub 

section of Boundary Condition. 

 

4 • Considering that the research 

conducted did not use experiments, 

convergence used to verificate the 

modeling result. The claimed 

convergence of less than 3 percent is 

obtained from what number of 

elements? Is there a convergence 

graph? 

• Acctually, verification of modeling 

results using convergence is not 

sufficient for 3D elements. The 

accuracy of 3D modeling depends not 

only on the number of elements but 

also on the shape of the elements. 

• 3 percent is meant is the level of error 

that occurs between the experiment and 

the simulation. in the research 

conducted not doing experimental but 

doing validation with research and 

approach parameters. such as the 

moldovan study (Moldovan, F., & 

Bataga, T. Torque Control during Bone 

Insertion of Cortical Screws. Procedia 

Manufacturing, 46, 484-490. 2020) can 

be validated to have the same fault 

location between the experimental and 

simulated FEA. 
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(Mesh Convergence Bone Screw Pullout) 

 

 

 

 

 

 

 

 

 

 

 

(Mesh Convergence Bone Screw Torsion) 

 

• Meshing is performed to divide the 

model parts into small element parts. 

Meshing helps determine the 

distribution of a given stress. There are 

several types of elements such as 

hexahedron (simple components), 

tetrahedron and polyhedron (complex 

geometry details). The type of mesh 

used uses tetrahedron elements because 

it is a type of meshing that is entirely 

accurate for fairly complex geometry 

details. In the study, there were three 

parts, namely bone screws, bone screws 

assembly, and bone plates with cortical 

bones. 

5 Discussion of the results does not only 

comment on the magnitude of deformations 

and stresses but it is necessary to discuss the 

type and position of failure for each type 

loading. 

We have included that issue as, “It can be 

concluded that in the bone screw test that with 

the design of the screw that at a load of 1100 

N the pullout deformation only occurs at 

0.028 mm then the torsion bone screw at 883 

N.mm is damaged in the bone screw hole and 

is declared unsafe or has already been 

damaged.” 
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6 In this section it is necessary to show what is 

difference from previous work on this area. 

Provide relevant references 

The difference between the research that has 

been done previously and what is currently 

being done is that there are differences in the 

materials used such as (Ti-6Al-4V and 

Stainless steel) while the material used in this 

study is Magnesium AZ31B with a purity of 

99.9%. At this time the use of magnesium 

AZ31B is only carried out as a basic material 

for biomaterials and has not yet reached the 

design and analysis stage. There are design 

differences such as pitch, bone screw length 

and bone screw diameter. 

7 • At point 2nd. There is still a word in 

Indonesian "pejal" 

• In 7th and 8th pictures, the description 

of the picture still has the Indonesian 

word "tulang" 

• Literature citation writing based on 

bibliographic number. In the 

Introduction, after 4th citation number, 

next citation jumps to the 15th citation. 

It should be written in order. 

 

• We have revise the un aprropriate word 

in Bahasa accordingly and also 

proofread the manuscript secondly to 

improve the english quality. 

• We have modified the figures 

• Thank you, we have adjusted the number 

of citation as suggested. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Reviewer #2: 

No Comments Revision/Changes 

1. • what is the problem with Bone Crews 

Biodegradable with Magnesium 

AZ31B so this needs to be optimized? 

• the purpose of the research 

• add international journal citations 

about this case 

• can there be bio-corrosion in the use of 

Magnesium AZ31B material when 

implanted in the body? and affect its 

mechanical properties 

• We have changed the title accordingly 

to, “Finite Element Analysis of 

Magnesium AZ31B Materials for 

Biodegradable Bone Screw 

Application”.  

• We have inform the purpose of this 

research as follow, “This research is 

conducted to design and analyze with the 

finite element analysis method on bone screws 

based on material Magnesium AZ31B.  

• We have add the citation [3] Chandra, G., 

& Pandey, A. (2021). Design and analysis 

of biodegradable buttress threaded screws 

for fracture fixation in orthopedics: a 

finite element analysis. Biomedical 

Physics & Engineering Express, 7(4), 

045010. 

• We have explain the condition as follow, 

“Approaching the bone modulus [4], the 

biodegradability of magnesium and its 

alloys in the human body avoids a second 

operation for temporary implants. The 

mechanical properties of AZ31B 

magnesium material will decrease 

because it’s degradation process. 

Therefore the degradation rate of the 

magnesium implant should fit with the 

bone fracture recovery. The percentage of 

elements in magnesium alloys greatly 

affects the mechanical properties and 

biocompatibility magnesium [5]. 

2. can there be bio-corrosion in the use of 

Magnesium AZ31B material when 

implanted in the body? and affect its 

mechanical properties 

• Yes, we haven mentioned the condition in 

the text accordingly as follow, “The 

mechanical properties of AZ31B 

magnesium material will decrease 

because it’s degradation process. 

Therefore the degradation rate of the 

magnesium implant should fit with the 

bone fracture recovery”. 

 

3. Conclusions must include all aspects of the 

research objectives. review the purpose of 

the research 

We have included that issue as, “It can be 

concluded that in the bone screw test that with 

the design of the screw that at a load of 1100 N 

the pullout deformation only occurs at 0.028 

mm then the torsion bone screw at 883 N.mm is 

damaged in the bone screw hole and is declared 

unsafe or has already been damaged.” 

4. adjust to the number of citations Thank you, we have adjusted the number of 

citation as suggested. 
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Abstract 

The bone implant functions for the load bearing and aims to support the integration of fractured bone. It may 

increase the strength of the broken bones and also at the same time support bone regeneration and integration. 

Bone screws are usually attached to the implant plate and bonded to the surface of the fractured bone by 

screwing the bone screws through the bone structure. In its implementation, a non-degradable implant needs a 

second operation for the patient to take out the implant. Currently, biomedical researchers are trying to produce 

bone implants that are degradable or bioresorbable materials. Magnesium (Mg) alloy is a potential biomaterial 

for bone implants, as Mg is a degradable material. Mg is one of the elements needed and harmless to the human 

body. This study focuses on finite element analysis (FEA) for the bone screw design of Magnesium alloy that has 

been well known as a potential candidate for biodegradable bone screw and plate application. The three 

dimensions (3D) design was done by using Solidworks software, and finite element analysis was performed using 

ANSYS by calculating the moment, pullout, and force bending received by bone screws. The validatation results 

of the design carried out with several analytical tests before the production of bone screws is proposed. The FEA 

simulation of bone screws pullout has a total deformation of 0.028 mm and a von Mises stress of 134.25 MPa for 

a pullout load of 1100 N. The bone screws torsion with a torque of 883 N.mm, the total deformation is 0.988 mm 

and for bone screws bending with a total deformation of 5,4352 mm has a von Mises stress of 25.706 MPa. 

AZ31B bone screws, based on the design, are safe and capable of handling the maximum load and deformation 

during the implantation. In vitro biocompatibility and in vivo studies is needed for further assessment of the 

design. 
 

Keywords: Magnesium AZ31B, Bone Screws, FEA, Pullout, Torsion, Bending. 

 

1. Introduction 

Bone screws are used to increase strength 

and resistance to failure in the healing process of 

bone cracks. Many studies use numerical 

simulation in combination with optimization 

algorithms to optimize the design, which reduces 

the destructive effect and increases the efficiency of 

the implant. One of the primary purposes of implant 

components is to strengthen bones and reduce 

damage using the Taguchi and finite element 

method to optimize the design and engineering of 

bone screws [1]. In research conducted previously 

by Tilton [2] mechanical testing and simulation of 

elements to increase the bending strength of tibia 

bone screws, titanium, and stainless steel, which are 

still often used but have the disadvantage of doing a 

second operation.  

Magnesium is one of the potential candicate 

materials for bioodegradable implant. The 

mechanical properties of magnesium and alloys 

have a low density (1.74-2.0 g/cm3) and a modulus 

of elasticity (41-45 GPa). Finite element analysis 

(FEA) is on of the technique that has been used to 

test and validate the desired characteristics for 

biodegradable Mg-based support threads. The 

characteristics of interest include the maximum 

tensile resistance possible to hold the bone segment 

firmly, the torsional ability to tighten [3]. 

Approaching the bone modulus, the 

biodegradability of magnesium and its alloys in the 

human body avoids a second operation for 

temporary implants [4]. The mechanical properties 

of AZ31B magnesium material will decrease 

because it’s degradation process. Therefore the 

degradation rate of the magnesium implant should 

fit with the bone fracture recovery. The percentage 

of elements in magnesium alloys greatly affects the 

mechanical properties and biocompatibility 

magnesium [5]. The design of the bone screws 

refers to the Depuy Synthes Instruments and 

implants catalog, with specifications, sizes, and 

materials [6].  

The biomaterials are not only used in the 

body but something that helps or is in contact with 

the human body aims to cure a malfunction of the 

body in humans such as cracked bone healing aids 

(bone screws-plates), stroke disease therapy tools 

[7], prosthetic models compliant anklefoot [8] and 

ankle foot orthosis (AFO) is an orthopedic device 

that is attached to the foot to improve the structure 

of the foot and help the user to return to normal 

running [9]. 

Optimization is done to get an effective bone 

screws design according to the application. The 

design is carried out from the specific thread, bone 

screws length, bone screws diameters and bone 
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screws material. This research is conducted to 

design and analyze with the finite element analysis 

method on bone screws based on material 

Magnesium AZ31B. Study of the corrosion and 

biodegradation study is not included in this paper. 

 

2. Materials and Methods 

The research was conducted in March - 

August 2022, the design process and simulation of 

bone screws were carried out at the Structural 

Mechanics Laboratory of the Department of 

Mechanical Engineering, the University of 

Lampung under the catalog of Depuy Synthes 

Instruments and implants, then using magnesium 

AZ31B material in the form of a rigid cylinder with 

an initial diameter of 10 mm and a length of 130 

mm. After preparing the tools and materials first 

carry out a 3-dimensional design process using 

Solidworks then the FEA analysis process is carried 

out. The analysis process is carried out using Ansys 

software with procedures as follow: input data 

engineering, import geometry, static structural, 

meshing, boundary conditions, pullout bone screw, 

torsion and bending testing, to get FEA results in 

the form of total deformation and von Mises stress. 

 

2.1. Materials  

Magnesium material is a light metal with a 

density of about 1.77 g/cm3. The use of the material 

in the FEA simulation of cortical bones is assumed 

to be normal cortical bones with a density of 1.61 

g/cm3 – 1.77 g/cm3 [10], and the modelling is for 

material elastic-platic. Mg-based biomaterials have 

more excellent toughness then ceramic and 

polymer-based biomaterials because their elastic  

modulus is about 45 GPa and The tensile test graph 

and mechanical properties of magnesium material 

AZ31B with the cortical bone are as follows in 

figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1.  Tensile test graph of stress vs strain 

The modulus of elasticity of magnesium 

metal material has characteristics that are almost 

close to the nature of the modulus of elasticity of 

human bones, which is about 7-25 GPa [11] while 

bone screws are made of Ti-6Al-4V material with 

modulus young and poisson ratios of 113 GPa and 

0.3 [12]. This study used magnesium material 

AZ31B extrude rod with a diameter of 10 mm with 

a length of 130 mm. Magnesium AZ31B was 

purchased at the manufacturing company Xi'an 

Yuechen Metal Products Co., Ltd, Using 

production technology in accordance with 

international standards and product specifications 

SGS BV model number AZ31B-H24 specifically 

for production using ASTM B107/B107M-13 

standards.  

 

Table 1. Mechanical properties Mg AZ31B and 

cortical bone 

 

No Materials Parameter 

1 Mg 

AZ31B 

Yield Strength 153,15 MPa 

Modulus 

young 
44,28 GPa 

Density 1,77 g/cm3 

Poisson Ratio 0,35 

Ultimate 258,44 MPa 

2 Cortical 

bone 

Modulus 

Young 
20 GPa 

Density 1,7 g/cm3 

Poisson Ratio 0,25 

 

2.2. Analysis Methods   

Development and production in bone screws 

engineering where this research is expected to be in 

accordance with standard procedures and can be 

commercialized. The method used to analyze the 

Ansys software is like figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 2.  Flowchart of simulation methods 

 

In the method carried out the analysis 

process, conduct tensile testing (ASTM B557) to 

determine the ultimate tensile strength and modulus 
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young, enter engineering data from the results of 

tensile testing of magnesium material AZ31B then 

simulate FEA static structural bone screws torsion, 

bone screws pullout and bone screws bending then 

carry out mesh convergence. In the analysis with 

FEA, the results of total deformation, von Mises 

stress and linearized von Mises stress were 

obtained. 

 

3. Results and Discussion. 

The results and discussions in the research 

that has been carried out are through several stages 

such as CAD design (Solidworks), input 

engineering data (ultimate tensile strength, Poisson 

ratio, density), determination of meshing, boundary 

conditions (bone screws torsion, bone screws 

pullout, bone screws bending testing force), solve 

and result (total deformation and von Mises stress) 

are as follows:   

 

3.1 Geometry CAD  

Bone screws with a diameter of 5 mm, 

length of 40 mm, and pitch of 1 mm is the 

geometric dimensions of the cortical bone screws to 

be used. The bone screws in previous studies were 

modified to provide design factors such as pitch 

length, primary diameter, thread profile, and 

geometry variations. In Biswas’s research [12], 84 

FE models were developed with seven pitch lengths 

(1, 1.5, 2, 2.5 ,3, 3.5 and 4 mm). Tetteh and 

McCullough [13] focused on the thread profile and 

thread shape effect on the transfer rate of stress 

distribution in the bone using finite element 

analysis. It was concluded that bone screws with a 

trapezoidal threaded shape could transfer higher 

stress to surface contact in cortical bones. Zain's 

research [14] studied the orthopedic stress 

distribution of screws implants in trabecular bones, 

which are very porous with biological tissues. In 

this study, the shape of the screws the profile of the 

thread, and its details are presented in figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.  (a) 3D geometry of bone screws, (b) 

Geometry of 2-D bone screws, (c) Manufacturing of 

bone screws  

 

The geometric dimensions of bones are 

adjusted to human bones in general. For the step to 

be carried out, first make a hole with a hole 

diameter of 5 mm produced by drilling in the 

middle part of the bone prepared in so that the 

upper and lower parts of the bone can be drilled in 

the same direction. The process of combining the 

bone screws and bone plates with being attached 

can be described in figure 4. 

 

 

 

 

 

 

 
 

Figure 4. Assembly screws and bone plates 
 

While in the geometry assembly of bone 

screws, bone plates, and cortical bones, there will 

be contact with surfaces such as plate contact with 

cortical bone, bone plate with bone screws, and 

bone screws with the cortical bone. For bone plate 

assembly, bone screws and cortical bone, as shown 

in figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5.  Assembly of bone screws, bone plates, and 

cortical bones 

(a) 

(b) 

(c) 

(a) 

(b) 
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3.2 Meshing 

Meshing is performed to divide the model 

parts into small element parts. Meshing helps 

determine the distribution of a given stress. There 

are several types of elements such as hexahedron 

(simple components), tetrahedron and polyhedron 

(complex geometry details). The type of mesh used 

uses tetrahedron elements because it is a type of 

meshing that is entirely accurate for fairly complex 

geometry details. In the study, there were three 

parts, namely bone screws, bone screws assembly, 

and bone plates with cortical bones, as shown in 

table 2 and figure 6. 

 

Table 2. Mesh Convergence 

Simulasi FEA Element 

Size (mm) 

Element Total Deformasi (mm) Von Mises Stress (MPa) 

Bone Screws Torsion 1.5 230.247 0,988 16.984 

Bone Screws Pullout 1.25 401.119 0,028 134,25 

Bone Screws Bending  1.5 230.247 5,4352 25.706 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Assembly element meshing 
 

For meshing, a 4-noded tetrahedron 

element is used and convergence analysis is 

performed by resetting the element size until an 

error of less than 3% from eksperiment [15]. 

Meanwhile, the research conducted by Mau et al. 

[16] carried out meshing with tetrahedral elements 

as many as 140298 elements with an element size 

of 0.8 mm with almost the same design dimensions 

geometry. 

 

3.3 Boundary Conditions 

Boundary conditions were performed on 

FEA simulations of bone screws to determine the 

limit conditions to be accepted by the 

predetermined bone screws design. Contact surface 

used “frictional” because the bone screw will cause 

friction between the bone plate with bone screw, 

bone screw with cortical bone then bone screw 

receive tensile and bending loads so that it will 

cause widening of the bone screw with bone screw 

holes. (gap open/close, sliding and friction). 

Boundary conditions are performed on bone screws 

with torsion conditions, pullout bone screws and 

bending bone screws.  In the boundary conditions 

of bone screws pullout, FEA simulations use 

variations in the load that is assumed to be the  

 

weight body of humans of various ages, namely 

700 N (71,38 kg), 800 N (81.57 kg), 900 N (91.77 

kg), 1000 N (101.97 kg) and 1100 N (112.16 kg) 

[17]. With FEA simulation, it can find out the 

location of the maximum stress and deformation on 

the bone screws. In the FEA simulation, boundary 

conditions have been carried out with fixed support 

on the bone while the force is given in the direction 

of the bone screws axis with tensile load conditions. 

While the Boundary conditions is carried out with 

bone assembly and screws with engineering data 

according to the actual condition of both bone 

material and Mg AZ31B material.  

The torsion FEA simulation test was given 

moments of 883 N.mm [18], 706. 9 N.mm, 651.1 

N.mm, 628.9 N.mm [19] clockwise and in bone 

screws bending boundary. fixed condition support 

was given to the bone then loading by diplacement 

against the axis perpendicular to the bone screws. 

In the FEA simulation research that has been 

carried out, namely the x-axis: 5 mm, the y-axis: 

free and the z-axis: free.There is a series in carrying 

out boundary conditions, which is like figure 7 

below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 7. Boundary conditions assembly bone plate 

screws, (a) Bone screws pullout, (b) Bone screws 

torsion, (c) Bone screws bending 
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3.4 Bone Screws Pullout 

Bone screws pullout testing is a test with 

FEA simulation to determine the deformation and 

maximum load that a screw can receive on a load in 

the direction of the bone screws. Then after FEA 

simulations were carried out on bone screws 

pullouts total deformation of 0.028 mm and von 

Mises stress of 134.25 MPa against pullout loads of 

1100 N in FEA simulations, In the test the greater 

the load given by pullouts, the greater the 

deformation produced.  

The research conducted by Keshtiban [20] 

was obtained with a cortical screw FEA von Mises 

stress of 449 MPa and total deformation of 0.0624 

mm with Ti6Al4V material. In FEA simulations the 

greater the pullout tensile load, the greater the 

deformation the bone screws produce against the 

cortical bone. The pullout load on the normal 

cortical bone is 1450 N [21] while at a load of 1100 

N with a total deformation of 0.2 mm it is made of 

stainless steel [22]. The bone screws pullout image 

is like figure 8 as follows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8. (a). Cortical bone (b). Pullout schematic, (c) 

Von Mises stress, (d) Total deformation 
 

The bone screws pullout chart is like 

figure 9 as follows. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 9. Graph of total deformation to force 

variations 

In addition, to know the load given to the 

total deformation and von Mises stress obtained, it 

is also necessary to know the stress distribution of 

bone screws in pullout conditions. This condition is 

carried out in order to be able to find out the stress 

distribution that occurs on the length of the bone 

screws. The linearized von Mises stress condition 

against the length of the screws is as figured 10-11 

as follows. 

 

 

 

 

 

 
Figure 10. Linearized equivalent stress bone screws 

pullout 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 11. Linearized von Mises stress bone screws 

pullout graph 

 

A graph of stress distribution over bone 

screws length was then obtained (fig. 11). The 

stress distribution that occurs, namely on the screws 

head of 2.9376 mm, the stress occurs at 26,852 

MPa then on the screws rod 4.896 mm experiences 

maximum stress of 62,538 MPa, then the farther 

from the pullout condition, the stress drops more 

and lower at a distance of 46.023 mm has the 

lowest stress of 0.26643 MPa. 

 

3.5 Bone Screws Torsion 

After the boundary conditions are carried 

out, the results of the FEA simulation of total 

deformation will be obtained. FEA moment 

simulation testing is carried out to determine the 

maximum moment given by the screws until bone 

damage occurs. The research of Moldovan and 

Bataga [23] determined the optimal torque, refers to 

the graph of the torque variation curve such as 

threshold torque, peak clamping torque, and peak 

failure torque. There appears to be damage to the 

bone resulting at the moment given. The chart is 

like figures 12-13. 
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Figure 12. Variations in the torque conditions [23] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 13. Total deformation (a). FEA, (b). 

Experimental [23] 

 

3.6 Bone Screws Bending 

In bone screws bending testing aims to 

determine the maximum load that the screws 

assembly and bone can receive with a longitudinal 

loading perpendicular to the bone screws. From the 

boundary conditions given, then a FEA simulation 

is carried out, it will find out the deformation of the 

stress. Then bone screws bending is given a 

conditions on the path along the screws to 

determine the stress distribution to the length of the 

bone screws.The results of the FEA simulation are 

like figure 14 as follows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 14. (a). Total deformation, (b). Von Mises 

stress 
The results of linearized equivalent stress 

bone screws bending are as figure 15 as follows. 

 

 

 

 

 

 

 

 

 

 
Figure 15. Linearized equivalent stress bone screws 

bending 
 

In a FEA simulation, the bone screws 

deform when receiving the maximum load. The 

part of the bone screws that receives tension in the 

bone screws display is known to be linearized von 

Mises stress. The graph of the stress that occurs 

along the bone screws is in figure 16 as follows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 16. Stress graph along with bone screws 

 

From a linearized graph of von Mises 

stress along with bone screws that receive the load. 

The stress distribution that occurs, namely in the 

screws head of 2.9376 mm, the stress occurs at 

8924.8 MPa (8.9248 GPa) then in the screws rod 

4.896 mm it experiences maximum stress of 11960 

MPa (11,960 GPa), The farther from the bending 
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condition, the stress drops further at a distance of 

46,023 mm and has the lowest stress of 8.8482 

MPa. 

 

4. Conclusions 

This research design and analysis of bone 

screw, simulation results were obtained using the 

finite element analysis (FEA) method in the form of 

pullout bone screw, torsion bone screw and bending 

bone screw have been done. It can be concluded 

that in the bone screw test that with the design of 

the screw that at a load of 1100 N the pullout 

deformation only occurs at 0.028 mm then the 

torsion bone screw at 883 N.mm is damaged in the 

bone screw hole and is declared unsafe or has 

already been damaged. 
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