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Abstract 

Biomaterials is an advanced material engineering technology that is used to 

help heal bone fractures or fractures. Currently, many biomaterials use 

materials such as titanium alloy, stainless steel, platinum, and chromium, but 

these materials cannot be degraded naturally so a second operation must be 

carried out to remove the installed biomaterial. Biomaterials are temporary 

in nature so when the bone returns to its original state, the biomaterial must 

be surgically removed. Research was conducted to obtain a design with a 

material that can be naturally degraded without causing toxicity. Magnesium 

AZ31B is a recommended candidate as a base material for degradable bone 

implants. Magnesium AZ31B material, it is expected to reduce or minimize 

the surgical removal of implant biomaterials. Bone plate geometry  use plate  

bone  dimension 150mm x 15mm x 3mm with  variation 10 hole parallel and 

zigzag as well as with a bolt  bone  dimensions  long 40 mm with pitch 1mm 

diameter 5mm. Test bending was conducted  with ASTM E290-14 showing  

that on plate  bone  hole parallel  with  burden  maximum 33,419 KN with a 

deformation  maximum of 30.89 mm whereas  for  plate  bone  hole zig zag 

with the burden  maximum 32,863 KN with  deformation  maximum big as 

29.97 mm. From the study  experimental  that  plate  bone  hole  parallel  have  

nature  mechanic  more  tall  compared  with  plate  bone  hole zig Zag 

although  with the difference which is not significant. Whereas on simulation 

FEA plate bone  hole  parallel  with  burden 33,419 KN get  results total 

deformation  as big as 31,481 mm with von Mises stress 15,337 MPa, then  

for  plate  bone  hole zig Zag with  burden 32,863 KN with total deformation 

32.466 mm and von Mises stress as big as 33,948 MPa. In testing by  

experiment and simulation FEA plate  bone  hole  parallel  get  difference  

around 0.591 mm or 0.94% whereas  for  plate  bone  hole zig Zag in  testing  

by  experiment and simulation  get  difference  around 2,893 mm or 4.60%.  
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1. Introduction  

Biomaterials is something ingredient or alloy 

which originated from natural or synthesis which 

aim for repair, replace, and regeneration of organs 

function in the body nor outside body. Room scope 

very biomaterial large no only something material 

that used or implanted in the body (implant) but 

something material that relate with body man, good 

which implanted, pasted, or just tool help [1]. 

Biomaterials type metal is ingredient the most often 

used, there is a number of recommendation material 

metal which could in Use as ingredient orthopedics 

like alloy Co-Cr, stainless steel type 316L (SS316L), 

titanium and alloy titanium [2]. System framework 

charged various type style which different with so 

appearance, there is burden which generated by 

heavy, by gravity, by strength muscle and by 

strength external. Burden applied in direction which 

different produce strength which could varied from 

five type which different like compression, stress, 

sliding, curvature or torsion [3]. There is a number 

of methods in to do innovation plate bone like 

method experiment, system manufacture and 

modeling math like method finite element analysis 

(FEA) [4]. With method finite element analysis 

(FEA) capable predict strength mechanic and nature 

physique something material without in do 

experimental like stress, propagation, nature-tired 

materials, and failure something materials [5] To 

evaluate the results of FEA (finite element analysis) 

it is necessary to give a mechanical loading test with 

various boundary conditions for bone loading [6]. 
 

2. Materials and Methods 

A-hot-rolled Magnesium AZ31B plate with size 

geometry 100 mm x 200 mm x 3 mm was used in 

this study. The design plate bone was using 

SolidworksTM as well as Inventor, Catia, Autodesk 

power shape [7]. AZ31B magnesium material 

bought on company manufacture Xi'an Yuechen 

Metal Products Co., Ltd, use technology production 

in accordance with standard international with 

product specification SGS BV number models 

AZ31B-H24 special for production use standard 

ASTM B107/B107M-13. Test Pull [8] and testing 

Three Point Bending ASTM E290-14 use machine 

Computer Universal Testing Machine conducted in 

Laboratory BRIN-BPTM Cape Star for knowing 

Ultimate Tensile Strength and Young's modulus, to 

do simulation FEA Three Point Bending plate bone 

(Total Deformation, Von-Mises stress, Linearized 

von Mises stress). 

2.1 Materials 

Magnesium AZ31B refers to on making with 

process processing rolling then in tempering. AZ31B 

magnesium material which used produced by Xi'an 

Yuechen Metal Products Co., Ltd, use technology 

production in accordance standard international with 

product specification SGS BV number models 

AZ31B-H24 special for production use standard 

ASTM B107/B107M-13. Study this use AZ31B 

magnesium material shaped plate with long 200 mm 

x wide 100 mm x thick 3 mm with process 

temperature 230 - 425°C and temperature annealing 

345°C. As for nature mechanic AZ31B magnesium 

material which used as on Table 1.  

Table 1:  Mechanical properties Mg AZ31B and bone cortical. 

NO  MATERIAL  PARAMETER  

1  Mg AZ31B  

Yield Strength  153.15 MPa  

Young's modulus  44.28 GPa  

Density  1.77 g/cm 3  

Poisson Ratio  0.35  

Ultimate  258.44 MPa  

Shear modulus  17 GPa  

Shear strength  160 MPa  

Thermal 
Conductivity  

96.0 W/mK  

2.2 FEA Method 

In the process of engineering the AZ31B 

magnesium bone plate, there are several stages to 

obtain results from experiments and simulations 

with FEA. Bone plates are produced to meet the 

needs of the healing process of bone damage, 

especially for fracture healing. The bone plate 

production process is carried out in various stages 

such as determining the mechanical properties of the 

material, bone plate design, bone plate analysis and 

bone plate manufacturing. In mechanical testing, 

three points bending with ASTM E290-14 standard. 

In the FEA analysis, the total deformation, von 

Mises stress and linearized von Mises stress were 

obtained. The method used in conducting the 

analysis using Ansys software is illustrated on the 

figure 1. 
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Figure 1 : Research Illustration 

3. Result and Discussion 

The results and discussion of the research that has 

been carried out are through several stages such as 

CAD design. The results of the research are as 

follows, In the research conducted, several research 

parameters were obtained such as tensile testing, 

bending testing and FEA simulations in the form of 

bending simulations on parallel and zig-zag holes 

bone plates. The results of this study will be 

presented afterwards. 

 

3.1 Bending Test 

Bending tests were carried out for bone plate 

specimens with parallel holes and zigzag holes with 

dimensions of length 150 mm x 15 mm x 3 mm. This 

design is different from the previous design which is 

175 mm x 15 mm x 4.5 mm [9], 135 mm x 14 mm x 

5 mm [10] , 150 mm x 15 mm x 3 mm [11], 80 mm 

x 10 mm x 5 mm with Ti6Al4V [12], and 8 bone 

plate holes with 96 mm x 12 mm x 3.6 mm hole 

diameter 5 mm [13]. The standard three point 

bending test uses test specifications according to the 

ASTM E290-14 for the parallel as well as zigzag 

hole plates as presented on figure 2. 

 

 
Figure 2: Three-point Bending Test for Parallel and Zigzag 

Hole of Bone Plates 

3.2 Convergence Meshing 

In the FEA simulation test, first the mesh 

convergence with the manual method is used to 

determine the optimal mesh element. The design 

carried out by [12] with dimensions of 80 mm x 10 

mm x 5 mm with Ti6Al4V material has a meshing 

element of 162143 elements [12]. Model 

development with LCP bone plate (locking 

compression plate) with the number of meshing 

elements 163485 [14] while on the long plate 96 mm 

with 76000 elements in 5 holes and 99600 in 8 holes 

[15], in order to have the convergence meshing as 

presented on figure 3(a), while its illustration is on 

figure 3(b). 

 

 
 

 
Figure 3: The convergence meshing for more accurate 

finite element analysis results 

 

From the calculation, it can be defined that for the 

parallel hole bone plate, the total elements are 

581,920; with total deformation and Von Mises 

stress consecutively were 32,466 mm and 16,984 

MPa. While for Zigzag hole bone plate 
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consecutively were 581,920 elements; 31,481 mm 

and 33,948 MPa. 

3.3 The Boundary Condition 

The boundary conditions was carried out for the 

FEA simulation for both parallel as well as zigzag 

hole bone plates using three boundary conditions, as 

follows: the load given to the top pressing pedestal 

with a force load of 33,419 KN then place the 

support on the pedestal in the direction of X:0 mm; 

Y:0 mm and Z:0 mm, therefore the pedestal assumed 

not move in the three axis directions. 

3.4 Bending Test 

Bending test was carried out to determine the 

strength of the mechanical properties of the bone 

plate against the load perpendicular to the given 

plate. The bending test was carried out at the BRIN-

BPTM Tanjung Bintang Laboratory with bone plate 

specimens of parallel holes and zigzag holes and 

then analysed with FEA to determine the accuracy 

between the experimental and the simulation. The 

standard three-point bending test uses test 

specifications in accordance with the ASTM E290-

14 standard and each testing was conducted there-

times. The bending test results was presented on 

Table 2. 

 
Table 2:  ASTM E290-14 standard for experimental bending 

test 

 

Mg Specimen AZ31B Load (KN)  deformation 

(mm)  

Parallel hole plate test-1  33.92  31.33  

Parallel hole plate test-2  34,572  32.43  

Parallel hole plate test-3   33,769  30.69  

Average  33,419  30.89  

Zigzag hole plate test-1 32,267 29,49 

Zigzag hole plate test-2 31,565 29,16 

Zigzag hole plate test-3 32,231 29,35 

Average 32,863 29,97 

 

3.5 Finite Element Analysis (FEA) 

In this study, we compared the results between 

the experimental testing and FEA method for both 

parallel as well as zigzag hole bone plates. The 

experimental and FEA simulation with the same load 

of 33,419 KN for parallel hole results the total 

deformation for the experiment is 30.82 mm while 

the FEA simulation is 31.481 mm. In experimental 

and simulation tests, the difference is about 0.591 

mm or 0.94%. The FEA simulation results in the 

form of von Mises stress and total deformation with 

a loading of 32.863 KN based on the experimental. 

In the FEA simulation, the total maximum 

deformation is 32.466 mm, which is higher than the 

total deformation of the parallel hole bone plate, 

which is 31.481 mm, this is due to the influence of 

the geometry of the bone plate design. Whereas in 

von Mises the stress on the zig-zag hole bone plate 

is 33948 MPa (33.948 GPa) while in the parallel hole 

bone plate it is 38706 MPa (38.706 GPa). The 

comparison between FEA results for the parallel and 

zigzag hole bone plate with respect to the 

experimental and simulation is shown in Figure 4. 

 

 

 
 

Figure 4: Comparison chart between the experimental bending 

test and FEA for parallel and zigzag hole bone plates 

 

When compare this study to the previously 

carried out for Ti6Al4V material with a load of 32.50 

KN and maximum deformation of 1.8 mm [16] and 

for Magnesium ZM21 simulation with a load of 
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79.44 N and maximum deformation of 1.34 mm 

[17], both studies found that the FEA simulation 

results that the largest deformation position occurs in 

the red colour part, while the minimum was in the 

blue colour one and in the good agreement to this 

study. The total deformation of the parallel hole and 

zigzag hole from FEA simulation is presented on 

figure 5.

 
 

 
 

Figure 5: (a). FEA simulation for total deformation of parallel 

and (b) of zigzag hole bone plate model 

 

Furthermore, the figure results simulation FEA 

from linearized equivalent von Mises stress of the 

parallel and zigzag hole bone plates is presented on 

figure 6. Schematic show location part from plate 

bone which accept stress highest still same with von 

Mises stress but in linearized von Mises stress will 

knowing quantity stress to long plate bone whereas 

von Mises stress only knowing distribution stress to 

time. 

 

 

 
 

Figure 6: Linearized equivalent stress plate bone parallel hole 

(a) as well as for zigzag hole mode (b) 

 

Simulation FEA conducted on plate  bone  hole  

parallel  with  long  plate 150 mm. Simulation  with  

burden 33,419 KN with  deformation total 31,481 

mm then  simulation FEA linearized von Mises 

stress with  distance 3.125 mm stress 2.3993e-003 

MPa then up on distance 31.25 mm 252.56 MPa, 

distance 37.5 mm have  stress  as big as 6572.1 MPa 

because on distance  the  location  point  focus  so 

that  result in  stress  Becomes  tall, then  distance 

53.125 mm experience  drop  stress  Becomes 1553.1 

MPa, distance 71,875 mm Becomes  location  stress  

highest  that is 9377.5 MPa because on point  the  

location  suppressor , whereas stainless steel material 

361L linearized von Mises stress 1352 MPa [18]. 

Then distance 75 mm experience drop stress that 

causes because part the is part from pre bending so 

that Becomes 7411.1 MPa and stress next until to 

distance 150 mm.  

The final comparison between the experimental 

bending test results and FEA simulation for the 



M Arif W et al., Journal of Innovation and Technology, October 2024, Vol. 5 No. 2  

DOI:10.31629/jit.v5i2.7538 

 

67 

parallel and zigzag hole bone plate type is presented 

on Table 3. 
 

Table 3: Experimental bending test results data and FEA 

 

No  
Specimen 

(Plate)  

Bone 

Plate  

Size  

Force 

(KN)  

Bending Test  

Experiment  FEA  

Total 

Deformatio

n (mm)  

Total 

Defor

mation 

(mm)  

Von 

Mises 

Stress 

(MPa)  

1  Mg 

AZ31B 

Parallel 

Hole  

Lengt

h: 150 

mm  

Width

: 

15mm  

Thick

ness: 

3mm  

33,419  30.89  31,481  15,337  

2  Mg 

AZ31B 

Zigzag 

Hole  

Lengt

h: 150 

mm  

Width

: 

15mm  

Thick

ness: 

3mm  

32,863  29.97  32.466  33,948  

 

4. Conclusion 

From the experimental research, the parallel 

hole bone plate has higher mechanical properties 

than the zigzag hole bone plate because it is 

influenced by the dimensions of the distance 

between the holes. In experimental and simulated 

FEA testing, parallel hole bone plates got a 

difference of about 0.591 mm or 0.94%, while in the 

zigzag hole bone plate the test was carried out 

experimentally and FEA simulation got a difference 

of about 2.893 mm or 4.60%. In this study, it can be 

seen that the parallel hole bone plate has higher 

mechanical properties than the zigzag hole bone 

plate, this is influenced by the dimensions of the 

arrangement of the bolt holes. 
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