Mechanics of Advanced and Smart Materials Journal 4(1) (2024) 139 — 157

Mechanics of Advanced and Smart

Ll\/l A.S-M—| Materials Journal

http://masm.araku.ac.ir
ISSN: 2783-4220

Moctarn s of Afvawird sew) Soant Masresaly Jrarval

Linivar iy

Investigating and analyzing parameters affecting the bone drilling
process using the Taguchi method

Reza Saeidi Abueshaghi 2, Farbod Setoudeh 2, Vahid Tahmasbi »*, Mohammad

Mohammadian 3, Ghodratollah Taheri P
2 Department of Electrical Engineering, Faculty of Electrical and Computer Engineering, Arak University of Technology, Arak, 3818146763,
Iran
® Department of Mechanical Engineering, Faculty of Mechanical Engineering, Arak University of Technology, Arak, 3818146763, Iran

Original Article

Use your device to scan
and read the article online
.

Citation: Saeidi Abueshaghi R, Setoudeh F, Tahmasbi V, Mohammadian M, Taheri G.

Investigating and analyzing parameters affecting the bone drilling process using the Taguchi
method. Mechanics of Advanced and Smart Materials. 2024; 4(1): 139-157

d https://10.61186/masm.4.1.139
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Machining, The bone drilling process is a crucial and widely used technique in surgery and medical
Bone drilling, engineering. It is particularly prominent in orthopedic surgery, fracture treatment, bone sampling,
Bone tissue, and dentistry. The introduction of automatic surgical drills and numerically controlled surgical
Process optimization, robots has revolutionized this process. However, a major concern during bone removal surgery is
Taguchi algorithm. the potential increase in temperature, which can cause thermal necrosis in the bone tissue if it

exceeds 47°C. Thermal necrosis can negatively affect bone fixation. To address this issue,
extensive research has been conducted to reduce thermal necrosis. Unfortunately, researchers have
not yet achieved satisfactory results in this field due to the lack of efficient optimization methods
and the failure to consider all the parameters that affect the bone drilling process. Therefore, this
paper proposes a solution to control temperature and axial force in order to optimize the parameters
and improve the bone drilling process. The Taguchi method, known for its accuracy and
efficiency, is used for optimization in this study. To evaluate the effectiveness of this method,
experiments were conducted on cow femur bones. The results demonstrated that this method
effectively improved the bone drilling process.

Extended Abstract

1. Introduction

or non-unions, correcting deformities or bad fusions, and lifting the bone. However, with advancements

in technology and the increased complexity of surgical procedures, the incidence of medical errors has
also risen. Orthopedic surgeries are particularly susceptible to medical errors that can lead to serious patient
injuries. In many of these surgeries, precise drilling is necessary to internally or externally stabilize the broken
bone. Unfortunately, there are instances where surgeons make mistakes during the bone piercing operation,
resulting in excessive heat and thermal necrosis. Additionally, the application of large axial force by surgeons can
lead to the development of bone cracks. To address this issue, researchers have focused on optimizing the
parameters that impact the bone drilling process. This optimization aims to regulate temperature and axial force,
thereby ensuring better control during bone piercing [1-9].

B one drilling is a crucial process in orthopedic surgery, serving various purposes such as fixing fractures
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On the other hand, Table 1 demonstrates that the Taguchi method enables the optimization process to be
completed in a shorter timeframe compared to other methods. This is due to the fewer number of steps involved
in the Taguchi method as compared to other optimization approaches.

Table 1. Optimization steps using Taguchi method and other different optimization methods

Optimization steps using Taguchi method Optimization steps using other optimization methods
Modeling experiments Modeling experiments
Conducting experiments according to modeling and obtaining Conducting experiments according to modeling and obtaining the
the results of the experiments results of the experiments
The optimization of the input factors is done according to the Calculation of the linear regression model based on the modeling and
modeling and the results obtained from the experiments the results obtained from the experiments

Optimizing input factors using optimization methods according to the
linear regression model equation

2. Designing experiments

The behavior of temperature and force in the bone drilling process is being investigated. The following
variables are considered as input parameters: rotational speed of the tool (rpm), advance rate (mm/min), drill
diameter (mm), apex angle (degrees), helix angle (degrees), and flute. The response of the process includes the
highest temperature reached in the bone tissue (°C), vertical force, and the highest axial force (N) generated during
drilling. In this study, fresh cow femurs (approximately 2.5 to 4 years old) were used for the experiments. The
drilling process tests were performed using a separate high-speed motor from the Hertz brand. This motor had a
power of 2.2 kilowatts and a maximum rotation speed of 18,000 rpm. Figure 1 shows a complete sample of the
equipment used in the tests.

Figure 1. A complete example of the equipment used in the experiments

In addition, the bone drilling process followed the procedure depicted in Figure 2. To measure the temperature,
shown in Figure 3, a temperature sensor was placed at a depth of 3 mm and a distance of 0.5 mm from the wall of
the main hole in the bone tissue. The temperature value was then measured using this sensor.

S _
ne drilling process

Figure 2. Bo

Mechanics of Advanced and Smart Materials Journal 4(1) (2024) 139 — 157



141  Reza Saeidi Abueshaghi, Farbod Setoudeh, Vahid Tahmasbi, Mohammad Mohammadian, Ghodratollah Taheri

Thermocoupl

femperature . Drill
probe housing Cortical
al hone
Ccr—: 1 o~

P ) 5
Medullary cavity 0.

Figure 3. Location of the temperature sensor
3. Analysis of parameters affecting bone drilling temperature using Taguchi method

In order to optimize the parameters affecting the temperature of bone drilling, the input parameters in two
levels have been considered as shown in Table 2. On the other hand, considering that the Taguchi optimization
method can obtain the most optimal and best values for different factors at different levels and with any number
of tests, therefore the results obtained in this research are reliable and accurate.

Table 2. Parameters affecting bone drilling temperature

Parameters Level 1 Level 2
rotational speed (rpm) 500 1500
Drill diameter (mm) 25 4
vertical force (kg) 35 6

Axial force (N) 34.32 58.84
vertex angle (degrees) 80 100
Advance rate (mm/min) 10 30
Helix angle (degrees) 34.5 35.2
flute 2 3

On the other hand, in Taguchi's method, a loss function is used to calculate the changes between the results
and the desired value, and this function has different modes according to the problem conditions. Also, for each
output, we must calculate the total signal-to-noise S/N according to the following formula:

S/N = —10log,, T? 1)

Finally, the overall data table, which includes the standard modeled tests, the results obtained for each test and
the calculated ratio for each test, is shown in Table 3.

Table 3. General data table

rotational Drill vertical Axial vertex Advance Helix
speed diameter force force angle rate angle flute  Temperature S/N
(rpm) (mm) (kg) (N) (degrees) (mm/min) (degrees)

EXP.1 500 25 35 34.32 80 10 34.5 2 45.36 -33.13
EXP. 2 500 2.5 3.5 34.32 80 30 35.2 3 45.87 -33.22
EXP. 3 500 25 6 58.84 100 10 345 2 48.31 -33.68
EXP. 4 500 4 6 58.84 100 10 35.2 3 47.13 -33.46
EXP.5 500 4 35 34.32 100 30 345 3 46.18 -33.38
EXP. 6 500 4 6 58.84 80 30 35.2 2 47.83 -33.59
EXP.7 1500 25 6 58.84 80 10 35.2 3 4591 -33.23
EXP. 8 1500 2.5 35 34.32 100 30 35.2 2 45.64 -33.18
EXP.9 1500 25 6 58.84 100 30 34.5 3 48.29 -33.67
EXP. 10 1500 4 3.5 34.32 80 10 34.5 3 46.84 -33.41
EXP. 11 1500 4 6 58.84 80 30 34.5 2 48.17 -33.65
EXP. 12 1500 4 3.5 34.32 100 10 35.2 2 47.49 -33.53

The response table of the S/N ratio to determine the optimal values is given in Table 4.

Table 4. The S/N ratio to determine the optimal values
rotational .D”" vertical Axial force  vertex angle Advance Helix angle
Levels speed (rpm) diameter force (kg) (N) (degrees) rate_ (degrees) flute
P P (mm) g 9 (mm/min) 9
Level 1 *-33.39 *-33.35 *-33.29 *-33.29 *-33.37 *-33.40 -33.47 -33.46
Level 2 -33.44 -33.48 -33.54 -33.54 -33.46 -33.43 *-33.36 *-33.37

As can be seen in Table 4, the numbers marked with an asterisk (*) in Table 7 indicate the optimal levels, for

example 33.39 is a larger number than 33.44, so the optimal level for the rotational speed is the same as the
Mechanics of Advanced and Smart Materials Journal 4(1) (2024) 139 — 157
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numerical value of the level. 1 means 500, based on the information in Table 4, the optimal values for all input
factors are given in Table 5.

Table 5. parameters affecting bone drilling temperature

Optimal amount Parameter
500 rotational speed (rpm)
25 Drill diameter (mm)
35 vertical force (kg)
34.32 Axial force (N)
80 vertex angle (degrees)
10 Advance rate (mm/min)
35.2 Helix angle (degrees)
3 flute

4. The parameter affecting the growth of bone cracks

Based on the 12 experiments conducted in the previous section and the analysis of the results, it has been
determined that the optimal value for the axial force is 34.32 N. In order to further investigate the effect of axial
force as a significant parameter on bone crack growth, two bone drilling tests were carried out. These tests involved
applying two forces: 34.32 N and 58.84 N. The other parameters were set to their optimal values, including a
rotational speed of 500 rpm, a drill diameter of 2.5 mm, an apex angle of 80 degrees, an advance rate of 10 mm/min,
a spiral angle of 35.2 degrees, and 3 flutes. As shown in Figure 4 and Figure 5, applying a force of 58.84 N resulted
in an increase in roughness and the number of bone cracks. Therefore, based on these findings and the optimization
results from the previous section, it can be concluded that the most optimal value for the axial force is 34.32 N.

oy

Figure 4. Drilling with 34.32 N force

Figure 5. Drilling with 58.84 N force

5. Conclusion

Mechanics of Advanced and Smart Materials Journal 4(1) (2024) 139 — 157
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Based on the results obtained and also the results of the researches and their analysis, as well as examining the
parameters affecting the temperature of the bone drilling process and the parameters affecting the growth of bone
cracks around the bone drilling site in orthopedic surgeries, it can be said that by optimizing all these parameters,
the temperature of the drilling process can be It controlled the bone and the growth of bone cracks around the bone
piercing site and greatly improved the bone piercing process and increased the accuracy of orthopedic surgeries.

Mechanics of Advanced and Smart Materials Journal 4(1) (2024) 139 — 157
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