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Introduction
The rapid advance in the fields of integrated circuits 
and micro-electromechanical systems has led to the 
miniaturization of various sensors and chips. Antennas 
have long been used in many medical applications 
including, microwave imaging, medical implants, 
hyperthermia treatments, and wireless wellness 
monitoring. In general, antenna is a type of receiving 
or transmitting device which can receive and send 
electromagnetic waves. Antennas are the devices which 
are used to convert the signals received through radio 
frequency into the signs of electromagnetic waves.1 Till 
date, different types of antenna are discovered which are 
used in variousmedical and pharmaceutical applications. 
These transmitting waves are electromagnetic radiation 
which has frequencies ranging between 300 MHz to 300 
GHz. Now, these waves have unique properties which 
make them useful in medical purposes. Some of these 
fundamental properties include penetration, absorption 
and reflection.2-4 The high frequencies (short wavelengths) 
of these radiations are helpful in many medical aspects 

like hyperaemia, non-contact diagnosis, treatment in 
different medical diseases including various types of 
cancer etc. When these electromagnetic waves penetrate 
in the living body, then these waves encounter different 
environments in different body parts and hence produces 
varying degrees of attenuation,5 polarization,6 phase shift,7 
and dispersion extra.8

Some of the types of these antennas include aperture 
antenna, reflector antennas and lens antennas, patch 
antennas, printed antennas extra. Among these printed 
antennas, are the ones who have fabrications created by 
the photolithography technique. The most basic and 
most advanced version of printed Antenna is a microstrip 
antenna. In these microstrip’ antenna’s, microstrip patch 
antenna (MSPA) is most widely used for medical purposes 
because of various advantages over another type of 
antennas. 

Some of the advantages of MSPA includes (1) These 
antennas are available in different shapes like triangular, 
circular, rectangular, elliptical extra and hence can be 
used in various body parts depending upon their way 
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Abstract
Timely diagnosis is the most important parameter for the detection and hindrance with tissues 
(infected). Many conventional techniques are used for the determination   of the chronic disease 
like MRI, X-ray, mammography, ultrasound and other diagnosing methods. Nevertheless, they 
have some limitations. We epitomize between 4 and 34 % of all carcinogenic tissues are lacking 
because of weak, in adequate malignant/benign cancer tissue on the contrary. So, an effective 
alternative method is the valid concern in the field of medical right now. Imaging with the 
help of patch antenna to detect chronic disease like breast cancer, oxidative stress syndrome 
etc. it has been proved to be a suitable potential method, and there are many works in this 
area. All materials have different conductivity and permittivity. With the help of these antennas, 
a 3D tissue structure which has different conductivity and permittivity is modelled in high-
frequency structure simulator through finite element method which resolves electromagnetic 
field values and a microstrip patch antenna operation process. As compared with conventional 
antennas, micro strip patch antennas have enhanced benefits and better prospects. An integrated 
Antenna plays an important or crucial role for supporting many applications in biomedical, 
commercial and in military fields. The Antenna designed for these applications should be 
wideband, not sensitive to the human body. In this present review, the precise application of 
the Antenna in different biomedical aspects is considered. Furthermore, the author has also 
discussed the analytical results using simulation models and experimental results for some of 
the significantdisease.

Article info

TUOMS
PRE S S

https://doi.org/10.34172/apb.2021.051
https://apb.tbzmed.ac.ir
https://orcid.org/0000-0001-9481-6868
https://orcid.org/0000-0003-3810-4238
https://orcid.org/0000-0002-4497-9412
http://crossmark.crossref.org/dialog/?doi=10.34172/apb.2021.051&domain=pdf&date_stamp=2020-07-01


Arora et al

Advanced Pharmaceutical Bulletin, 2021, Volume 11, Issue 3440

(2) These antennas have a low profile, inexpensive and 
simple manufacturing technique as they are made by 
using printed circuit technology (3) Mechanically robust 
(4) Compatible in both planar and non-planar surfaces 
(5) Compatible with MMIC (Monolithic microwave 
integrated circuit) designs (6) Smaller in size and lighter 
in weight (7) Used in medical detection of affected tissues 
(cancerous tissues) (8) Thin profile configuration design 
and not sensitive to human skin (9) No cavity backing, 
maintenance and installation required.9-13 Because of these 
advantages, these days, we can see an increased interest in 
the field of electromagnetic waves used in medical therapy 
and diagnosis. In the treatment of some of the malignant 
tumours, we have seen that local and whole-body 
hyperthermia can successfully kill the malignant tumour 
tissues.14 Microwave energy can be used for inducing rapid 
hyperthermia. However, heating of deep laying tissues is 
still tricky by using these wavers. Moreover, the heat of a 
large volume of fabrics is also a challenging task by using 
these waves.15 In general, these waves have proven to be 
effective against deposition of energy in the affected part 
of skin, or the affected tissue volume (for example in the 
muscle, veins, organs extra) resulted in the excitation of 
tumour cells and hence killing of these cells due to high 
temperature. For ideal treatment, these waves should 
show minimum leakage of energy outside of the impacted 
area so that no killing of normal and healthy cells occurs.16

These waves can also be used in imaging technique, 
for example, Microwave breast imaging. The microwave 
imaging can detect early breast tumours without any use 
of harmful radiations. However, the antennas used are 
required to be immersed in liquid medium matching with 
biological fluids. The use of these antennas sometimes 
makes the system complicated, bulky, expensive and 
impractical. Hence, here also, to remove the complications 
and bulkiness caused by conventional antennas, we can 
use the planar and small form of microstrip antennas. 
These microstrip antennas have improved efficiency and 
practicality because of their flexible design and better 
ability to operate the affected tissues in the skin.17,18

In this review article, we will discuss the use of a MSPA 
in the human body and how this will work in detection 
and prevention event treatment of the diseases.

MSPA (Microstrip Patch Antenna)
A MSPA consists of any planar or non-planar geometric 
conducting patch on one side and a ground plane on the 
other side. In these antennas, two metallic overlaying 
plates are used. One is usually more significant than the 
other plate. Both these plates have a dielectric sheet in 
between them.14 Most commonly, these antennas have a 
white and black plastic sheet. This plastic sheet not only 
protects the antenna but also it becomes easy for the 
antenna to mount on it. These antennas are usually flat, 
light weighted and have thin surface and hence showed 
better patient compliance.19

In these days a lot of research work is going on for the 
implantation of different biomedical devices like these 
MSPAs and others inside the human body. In order 
to achieve better communication through implanted 
antennas,20 there is a requirement of put antenna in both 
inside and outside the body. This is necessary as if one 
antenna sends the signal, and then the other one can 
receive it. This is very beneficial as there will be no need 
of using wires by piercing the human skin. This prevents 
various other infections during medical diagnosis, which 
can be caused by penetrating wires inside the body.21

The medical implant communication service (MICS) 
is a medical committee who decides which frequency 
bands and power levels are used for the antenna. Before 
the implantation of any antenna in body, the frequency 
and power acceptance is essential from the MICS.22 
Usually, MICS operates within the band range of 402-
405 as it is considered safe for the human body. The 
power level accepted by MICS is up to 25 Watt. These 
ranges are allowed only if implantation of the microstrip 
antenna is applicable in the body.23 However, if in place 
of implantation we are concerned with the diagnostic 
purpose, then MICS may allow the increase in band range, 
power and frequency of antenna as it is more beneficial 
for the human body if used for a short duration. While for 
long-duration above-mentioned band limits are accepted. 
So, the usual frequencies that can be allowed for industrial, 
medical and scientific applications are similar for most of 
the antennas (around 27 MHz, 477 MHz and 2.4 MHZ) 
depending on the duration of using antenna.24

Sometimes, the researchers have to face the frequency 
difference in the antennas used. For example, if the 
antenna has frequency 27 MHZ outside the body, then 
it will not give the same rate inside the body. Even, if we 
place such antennas inside the body, they do may have 
aspects of variable frequency (frequency level changes). So 
such antennas are usually termed as resonating antennas 
which do not have constant frequency level inside and 
outside the body.25 So, for such microstrip resonating 
antennas the band is accepted at 2.45 MHz so that minor 
alteration in frequency level will not impact the human 
body. When such antennas are placed inside the body 
surface, then their frequency level decreases as compared 
to 2.45 MHz (which it was designed for outside the body). 
The reduced frequency may be about 0.8 MHz. This 
decrease in rate maybe because of the high conductivity of 
the tissues as well as due to high permittivity of the muscle 
tissues.26 However, no one can judge the reduction level 
in frequency as it can be 0.8 MHz or can be more or less 
than that of 0.8 MHz; this is because the permittivity and 
conductivity of tissues depend on body to body and on the 
body part where the antenna is to be used. Researchers are 
working on it to fix this problem. Recently, it was noticed 
that this problem could be reduced by a certain extent by 
using the hexagonal shaped patch. The hexagonal micro-
patch can help maintain the constant frequency of the 
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antenna.27

The different body parts and body conditions have 
different physical properties (Table 1) and hence the 
frequency and power properties of antenna to be used 
changes concerning body conditions.28-31

Per the above table, we can see different physical 
properties (conductivity, thermal conductivity, relative 
permittivity, density, blood flow rate and specific heat) 
at different parts of brain. Similarly, in other parts of the 
body, like lungs, kidneys, liver extra, there will be such 
different physical properties. The choice of microstrip 
antenna to be used is dependent on the conditions of that 
body part. And hence, the parameters of the microstrip 
antenna should be changed.

Other than this another issue of using the patch antenna 
can be its biocompatibility with the body. The antenna 
implanted should not impact the basic body parameters 
and should not harm the body tissues. Hence the antenna 
should be fabricated with the biocompatible materials 
which will not show any adverse effects inside the body. 
Usually, the material tungsten is used for making the 
ground plane of the antenna as it does not affect the body 
tissues.32 The basic properties like superior fracture and 
resistance to fatigue have made the tungsten metal as a 
metal of choice for implantable antennas. It also does not 
show any corrosion when inserted inside the body. Other 
than this, silicon can also be used as a substrate for making 
the antenna.33 Silicon is a semiconductor material which 
maintains its basic mechanical and electrical properties 
inside the body. It does not show any inflammatory and 
toxic responses inside the body. Silicon is used because 
it has a reliable high volume of fabrication, abundance 
in nature, ease of fabrication and exceptional physical 
properties. Silicon made antenna is most commonly used 
in breast implants and in prosthetics which can be used 
for better facial characteristics.34

The antenna performance depends on the thickness 
of the substrate metal used. The thin the substrate metal 
used, the better will be the performance of the antenna 
and the thick substrate metal used, the less will be its 
performance. The dielectric constant of the silicon metal 
can be reduced by removing the underneath silicon 
from the patch. This resulted in reduced thickness and 

creation of air mixed silicon. This air mixed silicon has 
predetermined dielectric constant value as needed.35 Some 
bio-medical applications of using MSPA are:

Telemedicine application
Individually, in the case of tele medicines antenna are 
being operated at a frequency of 2.45 GHz. Mostly the 
preferred microstrip antennas are the wireless body 
area networks.35 So, these new and proposed antennas 
somewhere or the other gained popularity amongst the 
antenna use amongst the researchers due to the reason of 
higher gain and front to back ratio compared to the other 
antennas, in addition to the semi-directional radiation 
pattern which is preferred over the Omni-directional 
design to overcome unnecessary radiation to the user’s 
body and satisfies the requirement for on-body and off-
body applications. So, the ideal condition considered for 
the appropriate functioning of the antenna is 6.7 dB and a 
F/B ratio of 11.7 dB and resonates at 2.45 GHz is suitable 
for telemedicine applications.36

Medicinal applications of the patch
Microwave radiation is indeed the most effective way 
to trigger hyperthermia in the treatment of malignant 
tumours. The development of the specific radiator to 
be used for this function should be lightweight, easy to 
handle and durable. Only the patch radiator needs to 
satisfy these requirements.37 The original prototypes of the 
microstrip radiator for triggering hyperthermia are based 
on the dipoles and rings printed on the S-band. Later on, 
the model is based on the circular microstrip disk on the 
L-band. There is a simple operation that goes on with the 
instrument; two coupled Microstrip lines are separated 
by a flexible separation which is used to measure the 
temperature within the human body. A versatile patch 
applicator can be seen from the figure below, which is 430 
MHz.38

Sensing directly using site-directed mutagenesis 
The addition of artificial molecular detection sites will 
massively expand the sensing capabilities of nanopores. 
Four histidines were integrated into the P-hemolysin sub-
unit, which was then transformed into a heteromeric pore 

Table 1. Different physical properties occurring in the brain (that is at different parts of the brain) 28-31

Physical properties Center of brain Grey matter White matter Cerebrospinal liquid

Conductivity 1.15 S/m 1.8 S/m 1.2 S/m 3.4 S/m

Density 1.040 kg/m3 1.038 Kg/m3 1.038 kg/m3 1.007 kg/m3

Specific heat 3900 J/Kg.K 3680 J/kg.K 3600 J/kg.K 4000 J/kg.K

Blood flow rate 0 9×10-6 m3/kg.s 9×10-6 m3/kg.s 9×10-6 m3/kg.s

Thermal conductivity 0.5 W/m.K 0.5 W/m.K 0.5 W/m.K 0.6 W/m.K

Relative permittivity 38 50 36.2 66

Note. Here the units stand as: (S/m: Siemens per minute; W/m.K: Watt/meter Kelvin; m3/Kg.s: meter3/kilogram. Second; J/kg.K: Joule/kilogram. Kelvin; kg/m3: 
kilogram/meter3).
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composed of six wild-type and one mutant P-hemolysin 
sub-units (WT64H1).39-41 The resulting pore was 
capable of detecting two or more divalent metal ions 
simultaneously. Three aromatic (Phe, Trp, Tyr) Met113-
haemolysin mutations can be identified by TNT. In phi29 
nanopore, ethane, thymine and benzene with reactive 
thioester moieties were clearly distinguished from K234 
by binding to mutant cysteine. Fingerprints of different 
peptides and oligomeric peptide structures can be found 
by phi29 channel based on distinctive current blockage 
signatures.39 One-way peptide translocation has been 
identified in both SPP1 and phi 29 motor channels. Also, 
the position of the channels injected into the membrane 
was regulated by the hydrophobicity/hydrophilicity of 
either the terminal ends of the protein.40

Sensing via probes introduced through covalent linker
One end of a long 3.4 kDa polyethylene glycol chain 
cross-labelled with biotin was added to the S106C-α 
haemolysin mutant to detect streptavidin. Thrombin 
can be identified by hybridization of DNA aptamer to 
N17C-sub-hemolysin mutant.39 Likewise, modified 
ClyA nanopore consisting of DNA aptamers with 
activated thiol can differentiate between human and 
bovine thrombin given 86% sequencing similarity. Also, 
binding kinetics can be observed as shown by binding of 
tetravalent lectin to a ligand-derived Gal-b-1,3-GalNac 
shaped a-hemolysin pore.39 Similarly, a ligand, PKIP5-24, 
had been attached to the trans-entry of α-hemolysin at 
position C129 to study the binding of cAMP-dependent 
protein kinase to the ligand.41 In some other study, a 
single photolabile carbamate group was attached to the 
inner wall at Thr117Cys of α-hemolysin.42 Upon UV 
illumination, the intermediates of decomposition can be 
detected because the current depends on the inner wall.43 
Similarly, azobenzene can be attached via a di-sulphide 
bond to Thr117Cys α-hemolysin to study light-induced 
isomerization at the single-molecule level.40,44-46

Probes introduced through fusion protein expression
The introduction of new functions through the moulded 
expression of the encoded gene sequence of proteins is 
challenging.47 One method is to combine physiologically 
preserved protein regions with generally independent 
protein domains. In one study, 5-007-hemolysin was 
introduced to the functional elements of co-chaperonin 
GroES to study interaction with GroEL at a single-molecule 
level.48 The fused GroES flexible loops showed correct 
folding with enzymatic activity counteracting GroEL-
assisted protein folding as native GroES.49,50 In another 
study, the epithelial cell adhesion molecule (EpCAM) 
peptide was co-expressed with the phi29 C-terminus 
connector. Binding of EpCAM antibodies sequentially to 
each stepwise-induced peptide probe in the current.51 The 
kinetics of the probe-antibody docking can be studied in 
real-time at a single molecule level through characteristic 

current signatures. Importantly, the EpCAM antibody can 
be distinguished in the presence of serum or non-specific 
antibody.52

Sensing with non-covalent adaptors 
Host–guest interactions can provide an interface in the 
lumen of protein nanopores. Another group of specific 
analyte binding adapters are ring-shaped molecules, 
such as β-cyclodextrin, which has a hydrophobic internal 
cavity and a hydrophilic exterior. Possible hosting sites 
of β-cyclodextrins at the inner end of the β-barrel were 
enhanced by the mutagenesis-directed site of Met113, 
Lys147 and Glu111. The binding affinity was improved 
104-fold relative to the wild type, resulting in a prolonged 
period of residence of approximately ten seconds. Organic 
ligands and medications are retroactively bound to the 
connector and culminated in analyte with signature finger 
blockade prints.48

Sensing with covalent adaptors 
β-Cyclodextrin may also be covalently attached to 
Met113Cys-haemolysin by a disulphide bond. This 
is particularly useful for single-molecule exonuclease 
DNA sequencing, which requires the sustained role of 
a molecular adapter. The orientation of the adapter can 
also be fixed so that the analytes can activate only one 
of the entrances to the cyclodextrin cavity. For example, 
unlabeled nucleoside 50-monophosphate and methylated 
cytosine can be identified by a covalently attached adapter 
with an accuracy of 99.8%.48

Comparison of the design considerations of MSPAs for 
bone, muscles and skin
As we have discussed above that the implantable antenna’s 
design strongly vary concerning the dielectric properties 
of different body tissues.53 As per the body part conditions, 
various parameters and different design considerations 
should be taken for designing the microstrip antennas, 
which is most suitable and non-toxic at the affected part 
of the body. The antenna design considerations which 
should be taken into account for designing antennas to be 
used in skin (muscles) and bones.54,55

For skin
For skin, the dielectric permittivity is found to be similar 
to that of muscles. Hence, lesser miniaturization of the 
antennas is required. The final results showed narrower 
bandwidth and therefore more minor mistuning 
difficulties in finding the actual time-variant at that part 
of body.56,57

The skin implants should also have to be smaller in its 
dimensions. And hence, the resonance of the inserts can 
usually be found less than 350 MHz. But since the skin 
permittivity is high so there is no resonance loss and 
therefore can give better results.58

When the propagation signals are sent through the skin 
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implanted inserts inside the body to the external which 
is placed outside the body, and then more losses can be 
seen in the propagation signal because of the extra layers 
of skin.59 This means that the transmitter and the receiver 
placed under the same sink conditions (one inside the 
body and other outside the body) should be placed at a 
shorter distance. They cannot communicate where the 
range is long between transmitter and receiver (the signals 
transferred from transmitter to receiver shown in Figure 
1).60

The specific absorption rate for the Skin is higher as 
compared to bones. This is because of the high volume 
density of the skin. Hence, the design of the MSPAs should 
be adjusted as per need. Ideally, the implantable antenna 
should have the slightly high signal waves as required 
outside the body because deep skin will absorb the signals 
(Table 2) and hence, signal losses are possible before the 
message reaches to the receiver.61,62

For monitoring different pathological changes relating 
bones
The bone implants have larger dimensions as compared 
to the implants used for skin and muscles. The larger size 
of bones is required to achieve the functionalities of the 
replaced supportive part of the bones. Because of the large 
size of the inserts, the resonance can be reached around 
400 MHz.70 Since, and the bones show better resonance 
because of the larger size of the implantable inserts despite 
smaller permittivity of bones.71 While for muscles and skin, 
the insert dimensions are more minor but permittivity is 
high, so their resonance loss becomes lesser.72

For bones, dielectric permittivity is found to be smaller 
than that of muscles and skin. Hence, more miniaturization 
of the implantable antennas is required.73 So that the final 
results can show narrower bandwidth and hence lesser 
mistuning difficulties in finding the actual time-variant at 
that part of body.74

When the propagation signals are sent through the bone 
implanted inserts inside the body to the external which 
is placed outside the body, and then more losses can be 
seen in the propagation signal because of the extra layers 
of bone.75 Also, a reflection of the signals can be seen in 
the boundaries between the bone and muscles.76 This 
means that the transmitter and the receiver placed under 
the same sink conditions (one inside the body and other 
outside the body) should be placed at a shorter distance.77 
They cannot communicate where the distance is long 
between transmitter and receiver.78

The specific absorption rate for the bones is smaller 
in amount. This is because of the high mass density of 
the bones.79 Hence, the design of the MSPAs should be 
adjusted as per requirement. Ideally, the implantable 
antenna should have the appropriate signal waves as 
required outside the body because bones will not absorb 
the signals. Hence, there will be no signal loss.80,81

For monitoring different pathological changes relating 
muscle disorders
For muscles, the dielectric permittivity of the muscles 
is more colossal. Hence, lesser miniaturization of the 
antennas is required. The final results showed narrower 

 
 
 

 
Figure 1. Transferring of signal from transmitter to receiver. 
 

Figure 1. Transferring of signal from transmitter to receiver.

Table 2. Different types of implantable antennas with their dimensions used 
in skin

Antenna type Frequency
Dimensions of 
antenna (mm3)

Model used References

PIFA 402 MHz 32 × 24 × 4 Skin 63

Dipole 402 MHz 16.5 × 15.7 × 0.27 Skin 64

PIFA 402 MHz 22.7 × 49 × 1.9 Skin 65

Dipole 542 MHz 27 × 14 × 1.27 Skin 66

PIFA 402 MHz 8 × 8 × 1.9 Skin 67

Monopole 402 MHz 18 × 16 × 1 Skin 68

Slot 402 MHz 10 × 11 × 27 Skin 69
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bandwidth and therefore lower mistuning difficulties in 
finding the actual time-variant at that part of body.82

The muscle implants should be smaller in its 
dimensions, and hence, the resonance of the inserts 
can usually be found less than 350 MHz.83 But since the 
muscle permittivity is high so there is no resonance loss 
and therefore can give better results.84

The easiest way to reduce the dimensions, size and 
weight of the implantable antennas, we can use the high 
permittivity dielectric substances. The high permittivity 
of the antennas could reduce the wavelength and thus 
helps produce the resonant frequency as compared to that 
of lower frequency.85

When the propagation signals are sent through the 
muscles implanted inserts inside the body to the external 
which is placed outside the body (Table 3, 4, 5), and then 
more losses can be seen in the propagation signal because 
of the extra layers of muscle.90 Also, a reflection of the 
signals can be seen in the boundaries between the bone 
and tissues.91 This means that the transmitter and the 
receiver placed under the same sink conditions (one inside 
the body and other outside the body) should be placed at 
a shorter distance. They cannot communicate where the 
distance is long between transmitter and receiver.92

The specific absorption rate for the muscles is higher 
as compared to bones. This is because of the high volume 
density of the muscles. Hence, the design of the MSPAs 
should be adjusted as per need. Ideally, the implantable 
antenna should have slightly high signal waves as required 
outside the body because muscles will absorb the signals 

and hence, signal losses are possible.93

Some significant disease being focusedon treating by 
the patch antennas
Medical diagnosis using microwaves
The primary applications for medical diagnosis are in the 
detection of stroke, water accumulation in the human 
body and the most important one is breast cancer which 
is the most prevalent form of cancer among women 
[FABC07].97,98 Approximately one million ‘women’s around 
the world are suffering from the breast cancer [MJ13].99,100 
Therefore, technologies with high sensitivity and accuracy 
to detect the presence of tumours are required. An almost 
pain-free assessment with a portable apparatus and a short 
examination time is especially desirable for the detection 
of early-stage breast cancer.101

For monitoring different pathological changes relating 
breast cancer
A patch antenna is accessible, which has already been 
designed to radiate into the human breast tissue. The 
antenna has been potentially explained by practical 
calculation and simulation to have a wide input bandwidth, 
an excellent front-to-back ratio and stable radiation 
patterns. A low-profile, wide-band patch antenna model 
for breast tumour detection has been addressed. This 
antenna was designed to emanate directly into a dielectric 
medium that has the same dielectric properties as breast 
tissues.101 Have proved that this model of the mounted 
patch antenna provides a bandwidth of approximately 
77 per cent and a beam diameter of roughly ± 400 in the 
0= 00 plane and ± 300 in the 0 = 900 planes at 6.5 GHz, 
measured using FDTD in the 0 = 9.8 range. Measured 
radiation properties in the synthesized dielectric medium 
have also been obtainable and confirm the calculated 
pattern characteristics of the antenna.102 The time-domain 
characterization of the antenna indicates that this antenna 
is suitable for the short pulse radar application. A full slot 
double-sided microstrip antenna with fork feed developed 
for radar-based microwave imaging has beenpresented.103 

The proposed antenna has an ultra-wide bandwidth of 3 
GHz, which is more than 0.2 times the central frequency 
and a VSWR of 1.3539, which is less than two times the 
maximum bandwidth. A directive antenna with directivity 
of 4.0180 dB is used for radar-based imagery. These are the 
details obtained from the microstrip antenna for breast 
tumour detection.104,105

Table 3.  Various materials with different dielectric constant values

Material Value of dielectric constant References

Macro 6.1 86

ARLON 1000 10.2 87

Rogers 3210 10.2 88

Rogers 3010 10.2 89

Rogers 6002 10.2 88

Table 4 . Comparison of permittivity and conductivity in bone, muscles and 
skin

Tissues Permittivity Conductivity

Muscle 52.7 1.7

Skin 38 1.4

Bone 18.5 0.8

Table 5 . Different types of implantable antennas with their dimensions used in Muscles

Antenna type Frequency Dimensions of antenna (mm3) Model used References

PIFA 402 MHz 26.6 × 19.6 × 6 Muscle 21

PIFA 402 MHz 28 × 24 × 6 Muscle 94

Cavity slot 2.4 GHz 1.6 × 2.8 × 4 Muscle 95

PIFA 402 MHz 22.5 × 22.5 × 2.5 Muscle 96
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For monitoring different pathological changes relating to 
cerebrospinal fluid
The adjustments in dielectric properties of cerebrospinal 
liquid (CSF) can be used in the conclusion of cognitive 
diseases.106 The point of this paper is to research the 
employability of an implantable receiving wire to 
simultaneously work as a radiator and sensor of the 
dielectric properties of CSF. The radio wires endeavour 
limited cuts and holes as capacitors for detecting 
the permittivity of CSF.107 Three receiving wires are 
structured dependent on the capacitively stacked circle,108 
corresponding split ring circle,109 and interdigital capacitor 
circle.110 To research if the dielectric properties of CSF are 
an element of age, in vitro estimations of various CSF 
from pigs with different ages are estimated in the sub-1-
GHz band (0.1–1 GHz). The outcomes uncover a strong 
pairwise relationship surpassing 0.77 for permittivity 
and 0.83 for conductivity among tests. Consequently, the 
dielectric properties of the CSF do not reflect age-reliance 
and detecting affectability is positively not influenced by 
age. At long last, the implantable radio wires are created 
and tried in a sensible domain viz inside a piglet’s head and 
CSF simulants. The move in the reverberation recurrence 
when the permittivity is expanded by 14% at 400 MHz 
runs between 31–40 MHz with a relative reverberation 
affectability somewhere in the range of 6% and 8% for the 
proposed implantable reception apparatuses. 111

Future Prospective 
These days the interest of using biomedical telemetry has 
significantly increased because of its beneficial applications 
as compared to others. The useful applications include 
endoscopy, various health parameters monitoring like 
(glucose, temperature, pressure, heart rate extra), cardiac 
care and many more. The use of biomedical telemetries 
like implantable antennas and devices increases these 
biomedical applications. When we compare implantable 
devices with wearable devices, implantable devices 
provide better vital signals from the body where these 
devices are implanted. However, the design of these 
implantable devices is very challenging because it consists 
of a collaboration of various small components. Since the 
implantable devices should be as low as possible in their 
size because they are supposed to be inserted inside the 
body. But when we reduce the size of the antennas, there 
is loss and degradation of the electromagnetic waves 
occurs, which ultimately affect the performance of the 
antenna. Hence, new techniques and structures should 
be investigated to tackle these issues. Ideally, the antennas 
should have characteristics like lightweight, relatively 
high radiation efficiency, wide bandwidth, small size so 
that can be implanted inside the body, should work in 
multiple bandwidths. Power saving and power transfer 
in wireless mode are possible if the antenna can work in 
various bandwidths. Although most of the characteristics 
mentioned here are contradictory to each other, these can 

be satisfied because of the A’ ‘antenna’s  flexibility which 
enables the small-sized antenna to work same as that of 
large-sized antenna with respect to its radiations. The 
larger physical size helps in maintaining wide bandwidth. 
So for small A’ ‘antenna’s to have wide bandwidth, 
dielectric and light-conducting materials are used. This 
helps in reduction of the antennas weight and size.

Conclusion 
In this review article, we can see various issues related 
to the implantable antennas. At the same time, we have 
discussed some future perspective, which can help in 
solving these issues. Since most of the antennas are 
implanted inside the body so these should be designed 
by using biodegradable materials, this could be the main 
attraction point, to both patients and surgeons, because it 
is harmless to the body and will degrade with time without 
any toxic effects, hence no need of any removal surgery. 
Although by using the biodegradable material like silk, 
some implantable antennas have recently been proposed, 
more designs are required. Organic based materials can 
also be used in designing implantable antennas. Another 
issue with implantable antenna design is its linear 
polarization. This linear polarization occurs because of the 
single fixed position of most of the implantable antennas. 
However, circular polarization implantable antennas can 
be created which can receive power supply by rotating 
inside the human body. When we insert or implant the 
antenna inside the body, there is always a power or signal 
loss from the transmitter to the receiver because of the 
multiple layers of tissues present between the transmitter 
and receiver. So, to enhance the communication between 
the transmitter and receiver, the distance between both 
should be as less as possible. Thus, a future work related 
to interface between the antenna and mobile phone can 
be done and can be estimated because mobile phones 
are carried by every person and can be checked for the 
signals received through antenna. Other than these, if 
the work can be done for wireless power transfer, then it 
will also become the hot research topic as this will be very 
beneficial as compared to the passive implants. The cost of 
replacing the implants or charging the implant battery and 
the pain in the body, surgery charges extra can be reduced 
if the wireless power transfer work becomes successful in 
future.
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