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Abstract 
 
In medical surgical procedures, screw is commonly used when it comes into internal and external fixation surgery. The size of screw, 
which is classified as the diameter and length of screw plays an important role to stability the bone implant fixation. Previous studies 
showed there is lack of investigation on screw loosening detection that brings the problem of detecting the failures of bone implant in a 

long bone such as femur. Detection technique of this kind of problem is important in medical technologies to ensure better healing. The 
purpose of this study is to investigate the received signal of electromagnetic field on the different cylinder length by employing a single 
channel of magnetic induction spectroscopy. This study is used to evaluate the current density distribution in the cylinder screws under 
the action of electromagnetic field. The diameter of cylinder screw used in this simulation study is 3mm diameter based on the medical 
surgery procedures and the length of cylinder focuses onto 3 different lengths (22mm, 26mm, and 30mm). The simulation of this study 
concludes that COMSOL Multiphysic 5.2a software with a range of frequency 1MHz to 10MHz is used. The received magnetic field and 
current density of each model shows that the conductivity is changed based on the geometry of the cylindrical screw.  
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1. Introduction 

The internal fixation of fractures has evolved in recent decades 
with a change of emphasis from mechanical to biological priorities 
[1]. The use of internal fixation in medical purpose is to support 

and stabilize the bone fracture which increasing the time of heal-
ing process. Implementation of internal fixation of unstable frac-
tures is not always successful [2]. Normally, patients were suf-
fered from internal fixation and open reduction fractures in their 
long bone which caused by their weight [3]. This may lead of 
micro-movement which result in loosening of the implant and a 
delay in healing [1]. In orthopedic surgery, fractures of long bones 
being the common fractures encountered. This fractures was asso-

ciated with a soft tissue damage which resulting significant trauma 
to a patient [4]. 
A one step to identify how the implant is failure must be taken to 
ensure a proper healing. Implant failures arise mainly from loosen-
ing or breakage of the internal fixation device [3]. This may lead 
to lengthens the healing process, increase patient’s morbidity and 
increase the cost of treatment [4]. The considering method to be 
used in this paper is to know how the screw is loose by knowing 
the screw condition. This can be done using the electromagnetic 

for every case. The considering technique to be used in this paper 
is using Magnetic Induction Spectroscopy (MIS) which was con-
duct in COMSOL Multiphysics as a simulation tools. 
Magnetic induction concept was recognized as electromagnetic 
induction spectroscopy (EMIS) which used to detect hidden met-
als using multi-frequency approach based on metal’s unique Pas-
sive Electrical Properties (PEP) [5]. The non-contacting magnetic 
induction technologies was then evolved and adapted to measure 

bio-impedance level and dielectrical properties in biological sam-

ple[6]. This study was focusing on magnetic induction spectrosco-
py with a single channel multi-frequency. Fig. 1 below shows the 
magnetic induction spectroscopy principal which is the typical 

concept.  
 

 
Fig. 1: Magnetic induction spectroscopy peincipal 

2. Methodology 

Magnetic induction spectroscopy (MIS) is a non-contact meas-
urement which can be used in engineering and medical procedure. 
MIS also known as non-invasive in medical procedure which the-
oretically involved with sensor and sample [8]. MIS have same 
principal with magnetic induction tomography (MIT) which is 
non-invasive but MIT is a multi-channel magnetic induction imag-
ing system model with rotatable platform rather than MIS which 

focus on single channel magnetic induction [8]. A Fig. 2 shows 
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the simulation workflow of MIS system of this paper in COMSOL 
Multiphysics. 
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End
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sensor.
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Fig. 2: Flow chart of the MIS simulation. 

 
The simulation is performed on a single channel magnetic induc-
tion spectroscopy. The both sensor coil’s geometry and sample’s 

geometry is designed in COMSOL Multiphysics with respect to 
specified properties. The coil is used to generate magnetic field 
and specification of it is very important to generate strong magnet-
ic field to cross and detect the properties of the sample by using 
the principle of Magnetic Induction Spectroscopy. The coil’s turns 
is set to 12 turns and 5 turns for transmitter and receiver respec-
tively. 1A and 0.5A current is applied for transmitter and receiver 
respectively. The detail specification of coil is shown in Table 1. 

The material used for the coil sensor and sample is a copper and 
stainless steel respectively. Applied current on the transmitter is 
important to produce magnetic field. With respect to the MIS 
principle, when the coil excitation produced the magnetic field 
which is the primary field, another secondary field which is the 
eddy current will be induced in the conductive material which is 
the screw. Eddy currents build their own magnetic field but in the 
oppositely from the primary field excites from the coil (transmit-

ter) [9]. In this case, currents is an important part as an alternating 
current which to be fed into the coil to generate magnetic flux 
around the coil.  

 
Table 1: Properties of the transmitter and receiver coil [10]. 

No Coil Type Properties Transmitter Receiver 

1  

Spiral 

Coil 

Number of turns, N 12 turns 5 turns 

2 Current, I 1A 0.5A 

3 Diameter of wire 1 mm 1 mm 

4 Diameter of coil 20 mm 20 mm 

 
The range of the frequency in this simulation is 1 MHz to 10 MHz. 
By using COMSOL Multiphysics, the transmitter is designed to 
produce a magnetic field across a sample and can be detected on 
the receiver. The signal will be simulated and modelled by using 
COMSOL Multiphysics. Magnetic Induction Spectroscopy re-
quires an alternating magnetic excitation field to make the meas-
urement of radiation intensity from the excitation coil to the sam-
ple under investigation [11].  

Fig. 3(a), 3(b) and 3(c) shows the main part of the system de-
signed which are the coils, sample and the air boundary around the 
system for accurate result. The gap from transmitter and receiver 
is fix into 35mm for every model designed. The transmitter and 
receiver position is on top and bottom respectively which designed 
in a spiral coil’s type to get more sensitivity [10]. Each cylinder 
length is tested using single channel magnetic induction spectros-
copy in Comsol Multipysics with multi-frequency to study the 

behavior of the magnetic field strength. 
As shown in Fig. 3(a), 3(b) and 3(c), the transmitter and receiver 
is put oppositely to each other and the sample of cylinder is put in 
between of transmitter and receiver. As mentioned, there is 3 dif-
ferent model to be simulate which consists of 3 different cylin-
der’s length which is 30mm, 26mm and 22mm. To make a non-
contact measurement, a different gap for each model is put be-
tween the sample and sensor coil. The simulation of these three 

models was done using the same properties of sensor coil for 
transmitter and receiver. The air boundary is set around the ge-
ometry of sensor and sample to be simulate. 
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Fig. 3(a), (b) and (c): Setup Model of MIS in COMSOL for every cylin-

der length of 30mm, 26mm and 22mm respectively. 

 
In MIS, the measured object is always placed between a transmit-
ting and receiving coil, and the current flow in the transmitting 
coil induces a primary magnetic field. This primary magnetic field 
then incurs eddy currents in the object that in turn produce a sec-
ondary magnetic field [12]. Both the primary and secondary fields 
are detected by the receiving coil. Fig. 4 show the sample after 
being simulate using the magnetic induction. The result of this 
simulation is collected in a data table and plotted. 
 

 
Fig. 4: Simulation of Magnetic Induction Spectroscopy (MIS) 

3. Result and Discussion 

Simulation process of the MIS system is done in COMSOL 
Multiphysics including the geometry design of sensor coil and 
sample. This system is perform in single channel magnetic 
induction and it’s useful to measure the magnetic field strength 
and induced current density. Single channel magnetic induction 
spectroscopy included with one transmitter and one receiver which 

is opposite to each other [10]. The graph below show the result 
from the simulation process of cylinder sample. With different 
case of cylinder length, three graph of each case is developed in 
Fig. 6a, 6b and 6c. Fig. 5 below show the method to calculate the 
magnetic field absolute numbers based on calculation given. 

 
Fig. 5: Phasor diagram representing the detected primary signal V and 

secondary signal ΔV[12] 

 

V+∆V= [(V2+Re(∆V)2) + (Im(∆V)2)]1/2         (1) 

 

 
Fig. 6(a): Magnetic field strength produced at the receiver for cylindrical 

length=30mm 
 

 
Fig. 6(b): Magnetic field strength produced at the receiver for cylindrical 

length=26mm 

 

 
Fig. 6(c): Magnetic field strength produced at the receiver for cylindrical 

length=22mm 
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From the graph above, the y-axis represent the magnetic field 
strength (A/m) and the x-axis represent the frequency (MHz) used. 
The alternating current in the transmitter coil generate the elec-
tromagnetic field which is the induction field propagated within 
the cylinder. The generated eddy current which is the secondary 
field for magnetic field strength is measured at the receiver. As 
shown in figure above, the magnetic field strength at the receiver 
is increased when the length of the cylinder decreased. This is 

because each of cylinder have its own conductivity and this con-
ductivity will cause the changes of magnetic field strength.  
Besides of magnetic field strength, induced current density also 
used in this simulation process. Induced current density is col-
lected at the receiver coil and graph was plotted in the Fig. 7(a), 
7(b) and 7(c). 
 

 
Fig. 7(a): Induced current density produced at the receiver for cylindrical 

length=30mm 

 

 
Fig. 7(b): Induced current density produced at the receiver for cylindrical 

length=26mm 

 

 
Fig. 7(c): Induced current density produced at the receiver for cylindrical 

length=22mm 

From the above result, Fig. 7(a), 7(b) and 7(c) shows the induced 
current density at the receiver for every case of cylinder length. 
From the graph, y-axis represent the induced current density 
(A/m2) and x-axis represent the frequency (MHz) used. It is shows 
that the induced current density is decreased when the length of 
cylinder become shorter. The sum of the primary and secondary 
fields is measured at the receiver coil which represent the result of 
induced current density of each sample. When the value of receiv-

er is higher, then it received more secondary field which is altered 
the primary field to penetrates into the sample [10]. So, the length 
of the sample gives effect for the induced current density which 
explains that the higher the value of length, then the higher the 
induced current density. This is because the conductivity is depend 
on the cylinder length which state that the more conductivity, the 
more the induced current density. The conductive host of the 
model also influenced the magnetic field and current density re-

ceived at the receiver. 

4. Conclusion 

Detection of implant failure can be implemented by extending the 
method used in this paper with a detailed simulation. Because of 
human body is a volumetric with a conductivity material and it 

made of from several tissues with different conductivity which 
make the Magnetic Induction Spectroscopy (MIS) easy to be 
implemented [13]. The magnetic field strength can be the 
important parameter in proving the result of this method. The 
application of MIS have been widely used in medical purpose 
experiment like fetal hypoxia detection, fetal acidosis detection, 
jaundice detection and breast cancer detection. This is to ensure 
the healing or health of human body is upgraded to a new level 

which can save a lot of particular parameter. So, the MIS system 
can be implemented to human body and also the material of bone 
implant which bring to the failure of internal fixation can be 
identified on early stage. 
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