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Abstract Biosensors are sensitive, selective, and rapid bioanalytical applications for
diagnosis in cell and tissue engineering technologies.Compared to the enzyme-linked
immunosorbent assay performed by standard methods, biosensors provide many
advantages. In particular, biosensors designed through a combination of chemical,
biological, and physical methods provide a good strategy for monitoring microbio-
physiological signals in real time and in situ. This chapter summarizes the latest devel-
opments in innovative biosensor applications for different technologies of biological
interest, essentially cell and tissue engineering. The latest studies and innovative
approaches to biosensors for the diagnosis and bioimaging of tissue disease modes
due to central nervous system, cardiovascular system, and endocrine system disor-
ders are discussed. In addition, various biochip approaches such as cell/tissue-based
biosensors, flexible biosensors, and paper-based biochips are mentioned. Finally, we
discuss the diagnostic challenges current biosensors face and highlight the future
prospects of biosensors for cell/tissue engineering applications.
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1 Introduction

Biosensors are known as the next generation sensing technology that encompasses
a variety of technologies and knowledge from many disciplines, including biology,
chemistry, and physics. Combining interdisciplinary technologies, biosensors offer
a functional analytical platform to analyze the need in environmental, food, public
health, microbiology, and biomedical sciences. Biosensors first detect results through
optical, chemical, or electrical components and then use receivers, transducers, and
imaging systems to convert this detection into a measurable signal [6]. Thanks to
components, biosensors can measure signals at very low levels. Thus, they provide
fast results with high stability and high sensitivity from a small number or quantity
of human samples, without the need for specialized personnel. The first biosensor to
be developed for measured glucose with a method based on electrochemical tech-
niques using an electrode containing immobilized glucose oxidase [11] enzyme.With
the advances in manufacturing techniques [50] and innovative approaches including
nanotechnology, electrochemistry, and photolithography [51], biosensor applications
have made incredible progress. Nowadays, the parts of biosensors that act as recep-
tors have been given various functions to detect toxic substances, proteins, cell, and
tissue behavior [59, 60]. Especially in clinical studies, biosensors developed to detect
molecules are widely used to detect genes, proteins, or cytokines in patient samples.
Molecule-labeled biosensors utilize a variety of specific biochemical reactions medi-
ated by DNA and ion channels to detect enzymes, receptors, antigens, and antibodies
[7]. In particular, the detection of substances released as a result of cellular reaction
in microfluidic biochips is possible by immobilizing antibodies or aptamers specific
to the cells used as biomarkers to the biosensor [39, 61]. The main advantage of
molecular-based biosensors is that the conjugation of biomarkers with highly selec-
tive biomolecules allows the identification of a range of analytes with high sensitivity
and selectivity [15]. In order to analyze the targeted molecules, genomic probes with
specificity such as antibodies, nucleic acids, enzymes, etc., are integrated onto the
surface of the sensor by physical adsorption and chemical grafting methods. Subse-
quently, the change of piezoelectric, calorimetric, optical, or electrochemical signals
from the transducer components is converted into output in the form of electrical
signals [12]. In order to detect interleukin-2 (IL-2), Arya and co-workers used 4-
fluoro-3-nitrophenyl (FNP) as a coupling agent to bind the IL-2 antibody to a gold
electrode surface. Thus, in the developed biosensor, IL-2 was detected by measuring
the anti-IL-2-fixed cyclic voltammetry (CV) results resulting from the interactions
between antigen and antibody on the gold electrode surface [2]. Furthermore, Chen
et al. developed a biosensor consisting of aptamer-based porous silica nanoparti-
cles (MSN) that can provide controlled release [8]. In this sensor, they conjugated
the FITC fluorescent dye encapsulated in MSN to DNA by click-chemistry method.
After detection of thrombin with DNA aptamers on theMSN, the encapsulated FITC
fluorescent dye is revealed from the pores of theMSN, indicating that biosensors can
also be controlled depending on a stimulus. Another technique exploits the physical
properties of material surfaces to recognize different molecules.
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Cell- or tissue-based biosensors, like molecule-based biosensors, offer signifi-
cant innovations for the detection of cell-associated analytes in situ over the last
decade [22, 36, 45]. Such biosensors provide information about the responses of
cells and tissues by measuring phenotypic outcomes in cells [18]. Essentially, cell-
based biosensors consist of three components: viable cells, bioactive components,
and transducers. Thanks to the bioactivity of the components present as substrates,
biomarkers released from cells grown on the biosensors can be measured, or cellular
polarity resulting from the charge exchange of the cells.

After cells are treated with pharmaceutical or biochemical agents, the changes
induced by the agents in the cells can be recorded through physiological parameters
such as change in cellular polarity, change in cell membrane permeability, or ligand
expression [36]. Molecule-based detection biosensor technologies perform a high
selectivity for the analyte molecule to be detected compared to cell-based detection
biosensors. However, the short lifetime and the cost of the isolation process of the
molecules that will identify the biomarker of interest, such as antibodies, limit the
applications of such biosensors. Therefore, cell-based biosensors offer an innovative
approach to the diagnosis of diseases with rapid analysis. Biosensor systems are
advanced from the cell level to the tissue level to provide more precise results for
disease diagnosis. Multicellular cultures and organoids are often used in tissue-based
biosensors as they are considered biomimetic structures due to their resemblance to
natural tissues. Instead of multicellular cultures or organoids, complex 3D tissue-like
structures that provide the functions and properties of natural tissues are being devel-
oped by tissue engineering. In recent developments, the production of 3D structures
with biological effects in vitro has contributed significantly to tissue-based biosen-
sors, offering potential biosensor strategies to predict, monitor, and diagnose the
effects of pharmaceutical agents. The innovative tissue-based biosensors, the so-
called organ-on-a-chip platform, is attracting intense interest as the 3D structures
developed to mimic the properties of biological tissues. Integrated with a mobile
control system, the structures can behave as physiological mechanisms such as blood
flow. Another study by Bavli et al., an innovative biosensor, was developed using
particle-type oxygen sensors and liver organoid [5]. With this sensor, it is possible
to monitor the change in mitochondrial function after the administration of drugs,
providing a liver-like response and exciting those working in this field.

In this book chapter, we review the current biosensor progress in the biomedical
field, including biosensor fabrication technologies in different biological materials,
biosensor types, and their applications in various fields, in order to highlight how
and for what purpose biosensors are used in the field of tissue engineering. Thus, we
hope to contribute to the knowledge of scientists working in this field to understand
the shortcomings and working mechanisms of current biosensors to enable them to
realize advanced biomedical applications.
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2 Current Technological Approaches for Development
of Biosensors

Various sensors such as biochips, paper-based biosensors, nanoparticles, and labeled
or label-free biosensors including flexible biosensors are being developed. In recent
years, differentmethods such as computerizednumerical control (CNC), photolithog-
raphy, and casting have been used to develop various biosensors. Biosensors are often
produced not only by one of the mentioned methods, but by combining two or more
methods. This shows that existing techniques perform a multifunctional activity to
design complex or simple sensor mechanisms.

Photolithography is a favored technique for modeling proteins and cell structures
in biosensor applications and tissue engineering studies. Photolithography is the
method of transferring different patterns on a mask to a glass or silicon surface
using UV light [23]. In biosensor design, photolithography allows microelectrodes
of different shapes and sizes to be patterned on the surface of biochips using UV
light. This enables the fabrication of transducer structures in very small sizes [40].

The developed biochips require model cells to create biomimetic structures.
Factors affecting cell binding and cell behavior include pattern shape, size, surface
modification, and surface topology. In developed enzyme sensors, DNA sensors,
immune sensors, and several biomarkers are modeled on biochips with interlocking
electrode arrays [13, 43].

3 Biosensor Development in Tissue Engineering

Tissue engineering, which works in line with engineering sciences and biological
principles, carries out studies to develop various tissue structures to restore, repair,
or maintain the impaired functions of damaged cells and tissues [31]. In tissue engi-
neering techniques, cell-to-cell and cell-to-material interactions must coexist for
optimal physical and cellular signaling to occur. Accordingly, it is required to identify
and monitor cellular responses, cellular signals, cell functionality, and behavior. As
seen in recent developments, biosensors are widely used in tissue engineering appli-
cations. In particular, it has become common to develop tissue engineering systems in
microfluidic platforms where biosensors developed to monitor cellular behavior and
specific biomolecules in tissues are integrated. These miniaturized systems provide
critical information for rapid and real-time prediction of physiological response
through electrical, optical, and electrochemical systems [24].
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3.1 Biosensors for Cell-Based Applications

3.1.1 Biosensors for Monitoring Cell Polarity Change

Biosensors based on measuring polarity change are used to monitor biochemical
reactions occurring at the cellular level. In a study, a polarity-sensitive biosensor that
can fluoresce was developed based on the detection of cell apoptosis with images
of viable cells [28]. This biosensor was applied to investigate changes in neuronal
degeneration process in vivo and in vitro.

3.1.2 Biosensors Developed for Monitoring Cell Behaviors Such
as Metabolization, Proliferation of Stem Cells

Biosensors developed formonitoring cellular changes are used in the fields of cellular
signal detection, cell behavior, drug toxicity, and disease modeling. Various biosen-
sors have been developed for the transmission of cellular signals such asmeasurement
of cellular metabolic activities, and monitoring the change of charge potential in the
cell membrane. Tissue engineering is critical for the evaluation of electrophysiolog-
ical properties of cardiomyocytes and neuronal cells. Microelectrode arrays (MEAs)
have been developed to detect the electrophysiological properties of living cells as a
result of their reactions. Chowdhury et al. developed a method that combines MEA
with optical mapping to record action potential and contact electrograms simultane-
ously. Because they thought that the cellular action potential and contact electrogram
are linked and should change during arrhythmogenesis [10]. In addition, biomechan-
icalmeasurements associatedwith cardiomyocytes to investigate the pathophysiolog-
ical electro-mechanical coupling were previously performed using different devices
[29]. In another study, microbead-based sensors based on fluorescence irradiation
were developed to detect hepatocyte growth factor and transforming growth factor-
β1 [48]. Various sensors have also been developed to measure signaling molecules
released from cells such as nitric oxide (NO) and hydrogen peroxide (H2O2) [47,
55]. NO is an important messenger molecule in biological systems and H2O2 plays
an active role in cellular communication, cell migration, and immunity formation. In
Fig. 1, Au nanoclusters and a poly(toluidine blue) modified electrode were combined
to detectH2O2 andnitric oxide, respectively usingmicrofluidic technology. Similarly,
Visser and co-workers preferred inkjet methods to print carbon MEAs on materials
that can mimic the extracellular matrix consisting of gelatin, PDMS, and various
types of hydrogels to produce soft MEAs [52].
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Fig. 1 Detection of H2O2 by Au nanoparticles combined microfluidic droplet sensor. Reprinted
with permission from [47]. Copyright (2018) ACS publishing

3.2 Strategies of Biosensors to Detect Cell-Released Analytes

3.2.1 Label-Free Biosensors

The determination of the number of proliferating cells, protein quantification, or
cellularmigration is often preferable tomonitoring cellular behavior in a given culture
medium. Traditionally, the detection of cell viability and cell number can usually
be performed by counting cells under a microscope, measuring DNA content, or
detecting viability, such as the MTT assay. However, these techniques are labor-
intensive and lengthy procedures. Noninvasive and label-free detection methods, on
the other hand, offer advantages in tissue engineering applications and stem cell
technology, such as the ability to stain, fix, and fluoresce as desired.

3.2.2 Surface Plasmon Resonance (SPR)-Based Biosensors

Biosensors based on SPR have recently been revealed as a multipurpose biosensor
providing the advantages of small sample volumes, live cell analysis, and high
throughput. In addition, SPR biosensors enable label-free, real-time analysis with
increased sensitivity to the change in refractive index of the analyzed structures [27].

In recent studies, an SPR-based biosensing device has been developed that offers
an innovative approach to analyze the osteogenic change of mesenchymal stem cells
[30]. Moreover, the SPR-based biosensor has been used to monitor cardiac troponin
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Fig. 2 Schematic illustration of SPR biosensor for detecting vascular endothelial-cadherin expres-
sion. Reprinted with permission from [19]. Copyright (2017) ELSEVIER publishing

T and fatty acid binding protein 3, two biomarkers used clinically for the assessment
of cardiotoxicity [1].

Furthermore, Fathi and co-workers designed anSPRdetection system inFig. 2 that
responds accurately and rapidly to SPR signals by analyzing vascular endothelial-
cadherin expression, which can detect endothelial differentiation early [19].

3.3 Biosensor Applications in Various Diseases

3.3.1 Biosensor Applications in Neural Diseases

Biosensors enable the diagnosis of diseases by detecting various signals from tissue.
Traditional methods of diagnosing neurological diseases are time-consuming and
inconvenient to use. This is because a clinician is needed to check the symptoms of the
diseases and in most of diseases, such as Parkinson’s disease (PD), there is a risk that
about 40% of people may be underestimated in the early stages [44]. Neurological
studies are one of the research areas where cell-based biosensors are proving to
be important. With MEA technology, it is possible to monitor neuronal circuits,
physiological system and abnormalities, and detect malfunctions [46]. The MEA
technique offers advantages such as multisite recording, long-term culture, and non-
invasive monitoring of the electrophysiological activity of neuronal cells for high-
throughput screening [9]. Furthermore, Lourenco and co-workers developed a new
multimodal technique for metabolic, electrical, and hemodynamic measurements
together with neuron cell activity [38].

Based on the MEA technique, the scientists fabricated an innovative micro-
electrode arrays in Fig. 3 that combined neuronal network development under the
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Fig. 3 Schematic illustration of the design of a biochip by using the MEA method. a Schematic
illustrating the design of the biochip. b The process used to fabricate the biochip. Reprinted with
permission from [37]. Copyright (2018) ACS publications

guidance of neurite outgrowth ITO-PEM microfluidic system [37]. The biochip in
Fig. 3 included 3 different functional layers [37]. It offers a good alternative for on-
chip organ development, tissue engineering, drug discovery, disease modeling, and
biomaterial testing.

Biochips integrated into biosensors are exciting and make important contribu-
tions to related fields of study. In particular, biomimetic chip and biosensor inte-
grated systems make it possible to monitor the electrophysiological properties of
cells, early-stage differentiation, stem cell proliferation, neural network formation,
and stimulation response. Even micro-sized and ultra-flexible electrocorticography
arrays using glassy carbon electrodes have been used to monitor brain activity [53].
For instance, in another study, Xie et al. developed a nanoelectronic probe with
microscale pores to solve problems such as mechanical incompatibility and insta-
bility of conventional metal and silicon microprobes used for brain recording [57].
Thus, they developed a device with 3Dmicroscale pores decorated with wire-shaped
nanoelectrodes. This probe with micropores supports integration with the brain by
providing a neuron/probe interface. This makes it possible to record action potentials
from the somatosensory cortex in the brain. Live cell-based devices have been used
to monitor endothelial barrier function and molecules released from cells [34]. Li
and co-workers fabricated a reversible electrode for rapid diagnosis of Alzheimer’s
disease using graphene oxide nano structures with magnetic properties (Fig. 4) [33].
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Fig. 4 Schematic illustration of Aβ42-immobilized graphene-based biosensors for diagnosis of
Alzheimer’s disease. Reprinted with permission from [33]. Copyright (2016) Springer Nature
Limited.

They integrated an Alzheimer’s disease’s biomarker of Amyloid-beta peptide 1–42
(Aβ42), onto a nitrogen-doped graphene (MNG) with magnetic properties. Further-
more, another biosensor that rapidly detects PDwas developed by Yang et al. (Fig. 5)
[58]. They formed a monolayer (SAM) by attaching a DNA aptamer and an SH-
spacer onto the substrate molecule. When the biosensor is treated with PD biomarker
(a-synuclein), the DNA aptamer performs a specific attaching to the a-synuclein
protein. Subsequently, the changing signals based on optical analysis resulting from
the capturing of a-synuclein can be easily identificated under amicroscope.When the
developed biosensor is compared to conventional Western blot or ELISA methods,
these sensors appear to be novel, easily applicable and rapid strategies to facilitate
the diagnosis of neurologically based diseases.

3.3.2 Biosensor Applications in Cardiac Diseases

It has been clearly demonstrated that the monitoring and measurement of electrical
signals generated in physiological mechanisms in the body is one of the main func-
tions of biosensors. Remarkably, bioelectric activity is often monitored to control the
function of cardiac tissues. Bioelectric activity can be generated by cardiomyocytes,
which induce changes in the action potential in the membrane of the capillary cells.
Thus, due to the alteration of the action potential, cardiac cells can induce a synchro-
nized pumping behavior through organized electrical propagation [16]. Dutta et al.
conducted a study showing that the difference in oxygen level measured in tissues
significantly interrupts the regular routine of the action potential [17]. Consequently,
continued monitoring of electrocardiogram (ECG) data has emerged as a traditional
method to detect the cardiac rhythm signal in the diagnosis of cap-related diseases.
Lee and co-workers designed a small-size wearable flexible biosensor to easily
and continuously monitor heart rhythm signals [32]. With the developed cardiac
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Fig. 5 Schematic illustration of the diagnosis of a PD using PD biomarker (α-synuclein) with a
biosensor. Reprinted with permission from [58]. Copyright (2020) Royal Society of Chemistry

biosensor, changes in patients’ heart rhythm signals can bemonitored directly on their
smartphones (Fig. 6). Feiner and colleagues also produced a degradable electronic
scaffold as a heart patch. With this flexible product, the spontaneous contraction-
relaxation signals of heart cells can be detected. It also provides an external elec-
trical stimulation to control the rhythm of irregularly contracting heart cells [21].
This work, a chip containing a biosensor, also contributes to heart cells that mimic
heart-related diseases.

Fig. 6 Schematic images of a flexible, soft cardiac biosensor capable of electrocardiogram (ECG)
waveforms and measuring real-time heart rate. Reprinted with permission from [32]. Copyright
(2018) Springer Nature Limited.
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Fig. 7 Schematic illustrations of a heart-on-a-chip with Au electrode and PDMS channels.
Reprinted with permission from [35]. Copyright (2020) ACS publications

Liu and co-workers developed a Pt nanostructure array integrated on Au elec-
trode as shown in Fig. 7 [35]. The developed on-chip biosensor makes a significant
contribution to explain the effect on the electrophysiological behavior of the heart in
hypoxic state.

3.3.3 Biosensor Applications in Cancer Diseases Detection

In the last decade, cancer research has gained great momentum. Traditionally, cancer
research has focused on the development of effective therapeutic methods to treat
cancer diseases. But in some cases, patients are often diagnosedwith cancer at the last
stage. Early diagnosis is vital in cancer treatment. For this reason, the most effective
treatment period for patients diagnosed at the last stage is over [20]. Therefore, how
to diagnose cancer diseases quickly and accurately has recently become a popular
topic for cancer research. Various biomimetic cancer models have been designed to
investigate the formation, mutation, and metastasis mechanisms of cancer cells. In
another study, Kamei et al. produced a microfluidic chip that creates a cancer model
by designing a chip combining heart and liver cancer cells [26]. With this model,
the effects of drugs in the bloodstream on the migration and metabolism of liver
cancer cells can be easily monitored. Biosensors developed for early-stage detection
offer a fast and easy strategy for producing biosensors that can diagnose versatile
cancers. For instance, Pan et al. designed a chip labeledwith twodifferent biomarkers,
vascular endothelial growth factor (VEGF) and prostate-specific antigen (PSA), to
detect prostate cancer and its tumor cells (Fig. 8) [42]. These biomarkers were
designed by immobilizing gold nanorods (GNR) on a silicon chip. Then, biomarkers
secreted from cancer cells in the circulatory system were specifically captured by
the labeled chip. The binding was proven by the absorbance value obtained from
UV-Vis spectrophotometer after one hour of incubation.
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Fig. 8 Schematic representation of a prostate cancer biosensor that captures VEGF and PSA.
Reprinted with permission from [42]. Copyright (2017) Ivy Spring International Publisher

In another study, Hu et al. designed a different type of visible signal-generating
biosensor that could enable detection. Detection of low-expressed extracellular
vesicle (EV)-associated RNA in the early stage of cancer is very difficult. To over-
come this challenge, they developed a chip that integrates nanoparticles to capture and
detect EV-associated RNA. The cationic polymer nanoparticles triggered the binding
of glypican-1 mRNA, a pancreatic cancer biomarker, to EV in serum, producing
multiple signal outputs after 30 min of incubation. This technique is an innovative
approach to detect pancreatic cancer patients even at an early stage. These studies
show that biosensors integrating genomic probes play a critical role in the rapid and
early stage diagnosis of cancer diseases (Fig. 9) [25].
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Fig. 9 Schematic illustration of the biochip by linking neutravidin with a tether lipid-polymer
hybrid nanoparticle (LPHN) and loading extracellular vesicle (EV) on an Au layer. Reprinted with
permission from [25]. Copyright (2017) Springer Nature Limited.

3.4 Biosensor Applications in Bioimaging Technologies

Apart from in vitro applications for disease detection, biosensors are used to improve
sensing capability in bioimaging applications as they have a fast and sensitive
labeling function. Related to this concept, nanomaterials, which are candidates for
bioimaging due to their small size, high surface area, and modifiable properties,
are used in biosensor design for various purposes [56]. Various types of nanomate-
rials, including polymers, silicas, polymers, and carbon dots have been fabricated
for different aims, suitable for diagnostic machines such as computer topography
imaging (CT imaging),magnetic resonance imaging (MRI), fluorescencemicroscope
images [56]. In a study, they synthesized porous silica nanoparticles encapsulated
with a dye that fluoresces in the near infrared (NIR) as a breast cancer cell targeting
agent with LS277 [41]. Compared to the case where only LS277 is delivered, the
mesoporous silica nanoparticle delivers images with five times more resolution than
that used in LS277 alone. Furthermore, Bao et al. used anNIR triggering technique to
develop carbon dot-containing nanoparticles [3]. By synthesizing carbon dots with
urea, DMSO, citric acid an N, S-doped carbon dot with NIR fluorescence can be
produced and rapidly removed from organs such as kidney or liver 24 h after intra-
venous injection. Interestingly, NIR fluorescence images after injection showed that
S, N-doped carbon dots accumulated considerably in tumor tissues after applica-
tion. This result indicates that S, N-doped carbon dots activate tumor labeling of
a compound. Bao and co-workers developed magnetic iron oxide nanoparticles for
MRI imaging and Dong et al. developed gold nanoparticles for bioimaging in CT
techniques [4, 14]. Both results from their studies confirmed that the nanomaterials
function as contrast agents for use in CT and MRI imaging. By adjusting the size of
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gold nanoparticles or magnetic iron oxide, the image contrast of the nanoparticles
in diverse tissues and organs can be enhanced (Fig. 10). For instance, magnetic iron
oxide in 4 nm sizes can enhance T1 image contrasts in MR images. The same is true
for CT imaging when the size of gold nanoparticles is 4 nm [4, 14]. Moreover, by
decorating the surface of nanoparticles with chemical structures such as folic acid,
they can act as tumor contrast agents [4]. Therefore, various types of nanoparticles
used in the design of biosensors have potential use as bioimaging agents.

Fig. 10 a Schematic illustration of iron oxide nanoparticles as T1MRI contrast agents and possible
integration with CT and PET. Reprinted with permission from 64. Copyright (2018) Royal Society
of Chemistry. b The TEM images of gold nanoparticles with different particle sizes. The images
indicate that controlling the size of nanoparticles effect enhances the image contrast at various
organs. Reprinted with permission from [14]. Copyright (2019) Springer Nature Limited.
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4 Challenges and Future Perspectives

Next-generation biosensors are promising techniques that provide sensitive, selec-
tive, and rapid disease diagnosis for various applications in the field of tissue engi-
neering. Compared to conventional ELISA assays, the developed biosensors offer a
good solution for real-time acquisition of physiological signals by combining chem-
ical, physical, and biological technologies. Biosensor systems have made significant
progress in the last decade, but there is still a need to improve some of their func-
tions. The biggest challenges of biosensors are their long-term stability and scale-up
process. Stability is still a major challenge, especially during conversion to commer-
cial products. Biosensors are mostly developed as prototypes in a research labora-
tory. For this reason, scale-up technology is very important in the commercialization
phase. This is because it requires rapid mass production of good quality biosensors
from the laboratory level to the industrial level. It is very difficult and costly to scale
up the results obtained in the research laboratory to a commercially viable level on
a large scale. Furthermore, the time from the industrial production level to the retail
level to reach the user is often longer than expected. To overcome this challenge,
some biosensor chips are developed by immobilizing proteins, growth factors, and
antigens that can cause a short expiry date.

In general, biosensors suffer from the problem of stability in order to be able to
successfully perform the sensor task again in the case of long-term storage. Further-
more, biosensors are advanced systems that allow even extremely weak signals to
be recorded from small amounts of samples in a low-noise environment. But in a
real clinical setting, there is a complex matrix that cannot be predicted in advance.
Therefore, background noise can increase, which can reduce the accuracy of the
results. Furthermore, when biosensors are working, they often need to be connected
to controllers, imagers, andother equipments. This canmakebiosensors less desirable
to the user as they require complex operation and have user-unfriendly interfaces.

In order to solve the aforementioned problems, techniques with higher sensi-
tivity and faster response should be developed through interdisciplinary studies
during the production phase of biosensors. For instance, the development of various
nanostructures such as nanorods, nanocages, and nanostars within nanotechnolog-
ical developments may provide the opportunity to increase the signal and sensitivity
of the samples [54]. In addition, cell-based biosensors that can be used in vitro
have continuous and real-time monitoring functions, while lightweight biosensors in
small sizes, such as paper-based biosensors, offer great convenience for direct obser-
vation of results. Lightweight biosensors are more suitable for industrial production
and are more prone to the feasibility of scale-up from the prototype stage devel-
oped in the laboratory to the industrial stage. Consequently, the current progression
of sensors developed for tissue engineering applications is toward the evolution of
small-sized, flexible, and relatively lightweight biosensors. To this end, technologies
are being developed to facilitate the integration of biosensors into wearable devices.
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For instance, tear-based biosensors have been preferred in the development of biosen-
sors integrated into contact lenses. By using tears as a sample, glucose levels can be
measured, enabling continuous monitoring of diabetes [49].

Thus, by using body fluids such as saliva, sweat, and tears through wearable
biosensors, information about the physiological system can be obtained directly.
Furthermore, wearable biosensors integrated with smartphone applications offer an
innovative perspective that can be used for real-time continuous monitoring, diag-
nosis, or disease prognosis. We hope that this book chapter will be informative for
scientists producing new technologies in the fields of biology, chemistry, and physics
on how to design disease-related biosensors for applications in tissue engineering.
Thus, we hope that new potential applications and technologies can be discovered
for the active use of biosensors developed through academic research in clinical
applications.
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