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Abstract

Medical technology has made significant advances in the 21 century and, at present, medicine makes use of
information technology, telecommunications, and state-of-the-art engineering to provide the best possible
healthcare services. Electronic sensors provide health practitioners with the ability to constantly monitor their
patients’ health, to streamlines a number of medical processes, and to increase patients’ access to health services.

Mobile phones also empower patients and play a major role in their health’s monitoring. The use of cybernetics
technology can now help patients overcome even serious disabilities, enabling many disabled patients to live
their lives similarly to their non-disabled fellow men through the use of artificial organs and implants. All these
advances have paved the way for a more personalized type of healthcare that provides individualized solutions
to each patient. Once a number of hurdles are overcome, medical technology will bring forth a new era of more

precise and enabling medicine.

Introduction

The term medical technology refers to the application
of scientific knowledge and skills in the form of devices,
medicine, vaccines, procedures, and systems made to
solve a health problem and improve patients’ quality
of life (Ten Haken et al., 2018). The technological
developments observed in the 21st century have led to
tremendous changes in healthcare (Thimbleby, 2013).
What could be thought of as science fiction a couple
of decades prior is, now, everyday medical practice.
From the use of robots (Hockstein et al., 2007) to
tailoring therapy to each patient’s needs (Mathur and
Sutton, 2017), modern medicine could be considered
an advanced technological profession (Mesko, 2018).
This notion is further reinforced by the introduction
of modern engineering, information technology, and
wireless communications in everyday medical practice.

The above technological developments have led to
the emergence of novel medical fields and concepts. This
review summarizes a number of ways technology has
influenced current medicine and displays a number of
promising future prospects.
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eHealth

Electronic health (eHealth) refers to the medical field,
where information and communications technologies
are used in health-related services and processes. eHealth
includes a variety of applications, such as electronic
health records, electronic medication overviews, medical
data collection, and telemedicine services (Wernhart et
al., 2019).

Electronic health records

Electronic health records (EHRs) refer to the digital
forms of patient care records that include information,
such as personal contact information, medical history,
medication orders, diagnostic and laboratory test
results, allergies, and treatment plans (Kruse et al.,
2018; Ratwani, 2017). EHRs bring multiple benefits
to medical practitioners. First, EHRs allow the use
of computerized clinical decision support systems
(CDSSs) (Menachemi and Collum, 2011). Such systems
consist of software designed to aid in clinical decision-
making, where an individual patient’s characteristics are

© 2022 Papakonstantinou et al.; the authors have retained copyright and granted the Journal right of first publication; the work has been
simultaneously released under a Creative Commons Attribution Licence, which allows others to share the work, while acknowledging the
original authorship and initial publication in this Journal. The full licence notice is available at http://journal.embnet.org.

Page 1 of 7
not for indexing

e1005

Reviews


http://dx.doi.org/10.14806/ej.27.0.1005

Reviews

(ws ) EMBnet.journal

«__~ Bioinformatics in Action

matched to a clinical knowledge database and patient-
specific assessments or recommendations are given
to the clinician for the betterment of her/his decision
(Sutton et al., 2020). Another benefit of EHRs is the
incorporation of computerized physician order entry
(CPOE) (Menachemi and Collum, 2011). CPOE systems
are computer applications that offer clinicians the ability
to enter electronic orders for medications, laboratory
tests, imaging examinations, medical procedures, and
referrals (Amiri et al., 2018). The digitization of these
processes reduces medication errors potentially caused
by clinicians’ poor penmanship and makes ordering
more efficient, because nursing and pharmacy staff do
not need to pursue clarifications or retrieve missing
information from illegible or incomplete orders
(Menachemi and Collum, 2011).

EHRs allow for the secure exchange of medical
information among different health organizations
and providers, promoting synergy and cooperation.
This exchange’s results are ideally the improved speed,
accuracy, cost, and safety of medical decisions (Devine
et al., 2017). Last, information from EHRs can be used
for secondary research purposes also. A prime example
is that data in EHRs can be mined to identify previously
unknown drug interactions or adverse events, which
are essential research topics in pharmacology (Carroll
et al., 2015). Although the use of EHRs seems to be
constantly increasing among healthcare providers
and organizations, a number of obstacles need to be
overcome. First, although legal protections have been
implemented, EHRs are prone to breaches that may
harm patient privacy (Shenoy and Appel, 2017). Second,
although EHRs are generally thought to decrease the risk
of medical errors, simple actions made possible through
computerized record-keeping, like copy and pasting, may
cause repeated typing errors that can potentially lead to
a medical error (Palabindala et al., 2016). Last, the cost
of implementation and maintenance is quite high, which
disincentivizes hospitals and healthcare providers from
using EHRs (Palabindala et al., 2016).

Wearables

A significant method of medical data collection, analysis,
and storing is through wearables that accumulate
real-time patient data. Wearables provide helpful
information to prevent, diagnose, monitor, and manage
chronic diseases and conditions (Uddin and Syed-Abdul,
2020). These devices include wristbands, smartwatches,
wearable sensors, and mobile hub medical devices that
collect data such as heart rate, skin temperature, galvanic
skin response, skin temperature, peripheral capillary
oxygen saturation, plus geolocation information and
ambient environmental variables (Heikenfeld et al,
2018; Witt et al., 2019). The ability to provide real-time
data is one of the most important assets presented by
wearables. Most diagnostic tools provide information
that is ‘a snapshot in time’ while wearables allow
continuous monitoring of physiological and biochemical
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information under natural physiological conditions and
in any environment (Aliverti, 2017).

Naturally, the information received in the ‘snapshot’
period may not be representative of a patient’s health
status, while monitoring a week’s worth, or longer, of
data can improve the analysis of the patient’s health and
help elucidate the progress of an existing disorder. The
constant monitoring of an individual’s current health
condition by clinicians is vital in patients with chronic
diseases, such as Alzheimer or Parkinson disease, or
patients who are in a critical condition (Hasan et al.,
2019). In these cases, information received by wearables
can be used to adjust medication dose, manage possible
adverse events, and check patient’s adherence to medical
advice (Izmailova et al., 2018).

In addition, wearables can be used by sports
physicians. Wearables can provide information on an
individual athlete’s movement and physical activity,
allowing sports physicians to design more efficient
training programs for optimal performance (Li et al.,
2016). A prime example is providing real-time feedback
to swimmers and runners in an effort to better their
technique (Adesida et al., 2019). The constant monitoring
of an athlete’s workload and biological parameters can
help minimize the potential of injury or mitigate the
effects of any existing one (Seshadri et al., 2019).

Although wearables are quite promising devices
when it comes to their application in eHealth, they do
have anumber of disadvantages. A recurring theme in the
current review regarding the shortcomings of modern
medical technology is privacy concerns. Wearables
accumulate a large number of personal health data,
where potential breaches can lead to the exploitation of
patients’ medical information (Cilliers, 2020). Moreover,
wearable devices may lead to unintentional behavioral
changes, like patients becoming overly anxious about
their health and display an “addiction” to the wearable
device (Schukat et al., 2016).

Telemedicine

The term telemedicine refers to the delivery of healthcare
services at a distance through the use of electronic
technology (Serper and Volk, 2018). Telemedicine
includes various practices such as over-the-phone
consultation, medical advice via video-calls or e-mails,
access to and sharing of medical data, and telesurgery
(Zhang and Zhang, 2016). Numerous medical branches
make use of telemedicine, such as radiology, pathology,
dermatology, and psychology (Kruse et al.,2017). Medical
practitioners provide three distinct types of telemedicine.
The first one is synchronous telemedicine, where patient
and provider have a live interaction. The second one is
asynchronous telemedicine, where a patient or physician
stores medical history, images, and pathology reports
and then forwards them to a specialist for diagnostic
and treatment expertise. Last, there is remote patient
monitoring, where a physician continuously monitors
a patient’s health through direct video monitoring or
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reviewing continuous data received remotely (Mechanic
et al., 2020). Interest in telemedicine is rising since it
extends the services of healthcare providers to remote
areas and increases the availability of experts in specific
medical fields (Kruse et al., 2017).

Telemedicine showcases a number of disadvantages
such as privacy concerns, but the most important is
the occasional data transmission delay. In this case, the
lack of dedicated and reliable networking infrastructure
may lead to delays in information exchange, potentially
postponing critical diagnoses and interventions (Gang et
al., 2017).

As mentioned above, an important application
of telemedicine is telesurgery, which utilizes wireless
networking and state-of-the-art robotics to allow
surgeons to operate on patients who are distantly located
(Choi et al., 2018). Telesurgery is really important for
patients who cannot afford to move out of their residence
for various reasons, including risky travel, economic
burden, and health reasons. Despite its’ promising
nature, telesurgery still remains at a halt due to lack of
training programs, equipment expense, and legal issues
among countries (Choi et al., 2018). Thus, currently,
the main method encompassing eHealth into surgical
procedures is telemonitoring, where an expert surgeon
guides another surgeon in a different geographical
location by watching a real-time feed of the operation
(Hung et al., 2018).

mHealth

The advent of smartphones and tablets, mobile personal
devices with computing abilities and access to the
internet, seem to influence every aspect of modern
life (Panova and Carbonell, 2018). These devices use
microprocessors that provide computing power similar
to desktop personal computers but on a smaller size and
with a lower power budget (Furber, 2017). This increase
in computing power and mobile connectivity has led to
the emergence of a new technological field called mobile
health (mHealth) (Steinhubl et al., 2015). Mobile health
refers to the use of mobile devices and applications (apps)
to deliver healthcare services (Wilson, 2018b). These
devices and applications are used both by healthcare
providers and patients and have an essential role in
healthcare democratization. Regarding their role in
healthcare providers” work, mHealth applications allow
mobile devices to function as wearable sensors or health
communication hubs, becoming an integral part of the
eHealth field.

Furthermore, it is expected that through modern
advancements in microfluidics and microelectronics,
mHealth devices could potentially act as mobile labs
with diagnostic capabilities (Steinhubl et al., 2015).
Regarding these devices and apps’ effect on patient life,
the use of mHealth apps seems to have an empowering
role and can help these patients manage their health.
These applications are cost-effective, help patients
track their health status, increase patient adherence to
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medical advice, and promote healthier lifestyle decisions
(Mahmoodetal.,2019). These characteristics of mHealth
make this technology very intriguing, however, there are
several obstacles that deter mobile health from reaching
its’ full potential. Apart from the disadvantages present
in wearables technology, which are also characteristics
of mobile devices, health apps add new complications to
the application of mHealth. These apps are currently not
adequately regulated, with many of them overpromising
on their healthcare potential or even being outright
deceitful, thus endangering an individual’s health
(Steinhubl et al., 2015).

The cyborg concept

The modern advancements of medical technology
are more evident than ever when nowadays, the term
‘cyborg’ does not feel like a far-fetched science fiction
concept, but a word describing everyday people
(Quigley and Ayihongbe, 2018). Cyborg, short for
cybernetic organism, refers to an organism that includes
both biological and electronic parts (Li and Zhang,
2016). Current bionic technologies like bionic hands,
leg prostheses, exoskeletons, retina-implants, and
cochlear-implants have helped numerous individuals
with physical disabilities (Meyer and Asbrock, 2018).
People who were once perceived as ‘good intentioned
but lacking in physical abilities” are now thought to be
equally competent -or at times- more competent than
non-disabled individuals (Meyer and Asbrock, 2018).

Modern-day bionic hands allow motor control of
prostheses, while rigorous research is being conducted
on adding the ability of intricate sensory feedback
(Bumbeasirevi¢ et al., 2020). These so-called myoelectric
prostheses use embedded electromyography (EMG)
electrodes that record the muscle’s electrical activity and
use it to control the prosthetic limb (Aman et al., 2019).
Although currently commercially available myoelectric
prostheses do not offer any intentional sensory feedback,
experimental approaches that use neural interfaces to
stimulate peripheral nerves have been shown to elicit
sensations such as pressure and pain (Aman et al,
2019). Moreover, advancements in embedded systems
technology appear to be quite promising regarding the
betterment of control and feedback of such prostheses
(Mastinu et al., 2017). On the other hand, lower-limb
prostheses (LLPs), like a prosthetic foot, use mechanical
joint axes, compressive foams, and bumpers (Stevens et
al., 2018). Lower limb extremities are less complicated
than the upper limbs ones, and thus patients receiving
LLPs can walk, dance, or participate in sports on a level
similar to that of non-disabled individuals (Bumbasirevi¢
et al., 2020).

Exoskeletons, i.e., wearable robotic units controlled
by computer boards that power an intricate mechanical
system to restore locomotion, are mainly used for
rehabilitation purposes in medical centers or home
use (Gorgey, 2018). Research has shown that the use of
exoskeletons may have beneficial effects on gait function
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and walking independence in a mixed population of
neurological disorders (Palermo et al., 2017). Electronic
retinal implants are a step towards artificial vision.
Artificial vision attempts to enable some blind people to
see through the electrical stimulation of the retina (Mills
et al., 2017). Retinal implants have shown a number of
promising results, such as partial visual restoration and
better performance in everyday tasks (Bloch et al., 2019).

Cochlear implants are used to treat children and
adults with severe to profound sensorineural hearing
loss (Deep et al., 2019). These implants transduce
acoustic energy to an electrical signal that they later
use to stimulate the auditory nerve’s surviving spiral
ganglion cells (Deep et al., 2019). Cochlear implants are
some of the most successful prostheses and have helped
a tremendous number of people around the world
(Wilson, 2018a). Lastly, implantable biosensors provide
accurate real-time health assessment of a patient, with a
prime example being implantable glucose monitors that
can assess glycemia in real-time in diabetes (Waldman
and Terzic, 2011).

The next step for cybernetics and medicine
would be the construction of fully artificial internal
organs. Several events have taken place in the last
couple of decades towards the accomplishment of this
goal. 3D printing, a relatively new technology that
generates three-dimensional constructs from digital
information, is an essential part of the scientific effort
to produce artificial internal organs (Aimar et al., 2019).
3D-bioprinting particularly allows printing different cell
types, biomolecules, and biomaterials simultaneously
(Pati et al., 2016). Potential fully bio-printed organs
could save lives by reducing the waiting list of patients
in need of organ transplantation (Aimar et al., 2019).
Currently, synthetic organ devices like artificial hearts,
such as the SynCadia Total Artificial Heart, are used
to support patients’ circulatory system, thus allowing
sufficient time to find appropriate live heart transplants
(Chung et al., 2020).

In any case, bionic implants still showcase a
number of disadvantages that should be taken into
consideration. Just like regular transplantation, there
is a possibility of infection (Bumbasirevi¢ et al., 2020;
Lewis et al., 2016). This possibility makes the already
highly intricate attachment of a bionic part even more
difficult and demands constant monitoring after the
procedure. Another potential problem is the interference
caused by electronic devices. Multiple studies implicate
novel devices like wireless charging systems that can
generate electromagnetic fields in the intermediate
frequency which could interfere with cardiac electronic
implants (Driessen et al., 2019). Last, many patients
may themselves reject such technology for reasons such
as high cost, durability, appearance, and the already
mentioned lack of intrinsic feedback functions (Godfrey
et al., 2018).
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Towards personalized medicine?

The so-called holy grail of medicine has always been
to provide ‘the right treatment to the right patient at
the right time’ (Kravitz, 2014). Recent technological
advancements have set the basis for the development
of more personalized medicine, one which uses both
modern nucleic acid sequencing techniques and some
of the aforementioned monitoring and implantation
methods to individualize treatment (Goetz and Schork,
2018).

The emergence of next-generation sequencing
techniques has allowed the quick and cheap sequencing
of a complete human genome (Garrido-Cardenas et al.,
2017). By sequencing a patient’s whole genome, a genomic
portfolio could be constructed that showcases their
possible predispositions and vulnerabilities to certain
diseases (Mathur and Sutton, 2017). This information
could later be included in their EHR, giving a clinician
a more precise image of the patient’s health (Williams et
al., 2019). A patient may then be monitored for specific
biomarkers or behaviors that are characteristic of the
pathophysiology to which they are susceptible. The
monitoring could be undertaken by wearables, mobile
health applications, implants, or telemedicine sessions.
The above procedures may allow a clinician to propose
an intervention completely aimed that specific patient
for optimal outcome.

Conclusions

Medical technology has evolved by leaps and
bounds in the 21st century. Information technology,
telecommunications, and the ever-advancing power of
computer processors have granted clinicians the ability
to monitor an individual’s health for great periods of
time, or even continuously, as opposed to the ‘snapshot’
visits at a physician’s office. Moreover, the inclusion
of electronic health records and genomic profiles in
modern hospitals allows health practitioners to tailor
their therapeutic approach to each individual patient.
The use of bionic technology can now overcome even
life-altering disabilities. These advancements have led
to the emergence of new and more precise healthcare
services (Figure 1).

Just like all technological advancements, a number
of hurdles should be overcome. The most important
one is privacy. A patient’s terminal disease, sexually
transmitted disease, or even genetic profile could be
used as a means of extortion by criminals. The storage
and sharing of sensitive medical information should be
a high priority in the coming years. Another problem is
the cost of research. Medical technology is a complicated
high-risk field that requires large investments. Moreover,
the application of modern technology also has a high
cost, both by health organizations and by customers. On
the other hand, expensive technology is a bargain if it can
improve quality of life, preserve economic productivity,
and prevent the high cost of disability. Last, medical
technology should aim to help as many people as
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Figure 1. Modern healthcare as influenced by recent advancements in medical technology. The use of bionic limbs could po-
tentially overcome serious disabilities. Implanted sensors can provide real-time information regarding complex biomarkers like
glucose levels, while wearables can provide information on everyday fluctuations of health markers, such as body temperature and
heart rate. This information could then be included in an extensive HER. Telemedicine services could then provide a patient with
the appropriate advice based on the aforementioned information.

Bionic hand

possible, thus, attributes like ease of use should be taken Wochenschrift 131(23-24), 599-607. http://dx.doi.org/10.1007/

into account in order to provide the best possible service. =~ P PRREEAL2AE

Amiri P, Rahimi B and Khalkhali HR (2018) Determinant of successful
implementation of Computerized Provider Order Entry (CPOE)

K ey Points system from physicians’ perspective: Feasibility study prior to

¢ Cybernetics technology will enable the holistic medical, dx.doi.org/10.19082/6201
preventive and personalized perspective of health care.

¢ Electronic health records (EHRs) are the digital form of patient
care records that set the ground for a digitalized decision support
system.

» Bionic technologies like bionic hands, leg prostheses, ~  ==Frrrrereiireesereeeeeeeeen s
exoskeletons, retina-implants, and cochlear-implants have Bumbasirevi¢ M, Lesic A, Palibrk T, Milovanovic D, Zoka M et al.

helped numerous individuals with physical disabilities. (2020) The current state of bionic limbs from the surgeon’s viewpoint.

¢ The concepts of eHealth and mHealth inclusion in the healthcare =~ =FY% % OPCI TEVIEWS 9ta), o= /s, AP/ SR COLOTS AN 204Le028 E
delivery system pave the way for a tailored therapeutic approach. ~  24%02AQ0820

Carroll RJ, Eyler AE and Denny JC (2015) Intelligent use and clinical

benefits of electronic health records in rheumatoid arthritis. Expert

Refe rences review of clinical immunology 11(3), 329-337. http://dx.doi.org/10.

Bloch E, Luo Y and da Cruz L (2019) Advances in retinal
prosthesis systems. Therapeutic advances in ophthalmology
11, 2515841418817501-2515841418817501. http://dx.doi.

Adesida Y, Papi E and McC?regor AH .(2019)' Exploring' the' Role (i PJ, Oskouian RJ and Tubbs RS (2018) Telesurgery: Past, Present,
of Wearable Technology in Sport Kinematics and Kinetics: A and Future. Cureus 10(5), e2716-e2716. http://dx.doi.org/10.7759/

"""""""""""""""" Chung JS, Emerson D, Megna D and Arabia FA (2020) Total artificial
Aimar A, Palermo A and Innocenti B (2019) The Role of 3D

heart: surgical technique in the patient with normal cardiac
Printing in Medical Applications: A State of the Art. Journal of

SRR ) ) Cilliers L (2020) Wearable devices in healthcare: Privacy and
Aliverti A (2017) Wearable technology: role in respiratory health and information security issues. Health Inf Manag 49(2-3), 150-156.

Tt e e Deep NL, Dowling EM, Jethanamest D and Carlson ML (2019) Cochlear
Aman M, Festin C, Sporer ME, Gstoettner C, Prahm C et al. (2019) Implantation: An Overview. Journal of neurological surgery. Part B,

Bionic reconstruction : Restoration of extremity function with Skull base 80(2), 169-177. http://dx.doi.org/10.1055/5-0038-166941 1
osseointegrated and mind-controlled prostheses. Wiener klinische ~— rrirrrmrrminnmmmmmmmmmamssn ey

Page 5 of 7
not for indexing e1005

Reviews


http://dx.doi.org/10.3390/s19071597
http://dx.doi.org/10.3390/s19071597
http://dx.doi.org/10.1155/2019/5340616
http://dx.doi.org/10.1155/2019/5340616
http://dx.doi.org/10.1183/20734735.008417
http://dx.doi.org/10.1183/20734735.008417
http://dx.doi.org/10.1007/s00508-019-1518-1
http://dx.doi.org/10.1007/s00508-019-1518-1
http://dx.doi.org/10.19082/6201
http://dx.doi.org/10.19082/6201
http://dx.doi.org/10.1177/2515841418817501
http://dx.doi.org/10.1177/2515841418817501
http://dx.doi.org/10.1302/2058-5241.5.180038
http://dx.doi.org/10.1302/2058-5241.5.180038
http://dx.doi.org/10.1586/1744666X.2015.1009895
http://dx.doi.org/10.1586/1744666X.2015.1009895
http://dx.doi.org/10.7759/cureus.2716
http://dx.doi.org/10.7759/cureus.2716
http://dx.doi.org/10.21037/acs.2020.02.09
http://dx.doi.org/10.21037/acs.2020.02.09
http://dx.doi.org/10.1177/1833358319851684
http://dx.doi.org/10.1055/s-0038-1669411
http://dx.doi.org/10.14806/ej.27.0.1005

Reviews

(ws ) EMBnet.journal

«__~ Bioinformatics in Action

Devine EB, Totten AM, Gorman P, Eden KB, Kassakian S et al. (2017)
Health Information Exchange Use (1990-2015): A Systematic

Driessen S, Napp A, Schmiedchen K, Kraus T and Stunder D (2019)
Electromagnetic interference in cardiac electronic implants caused
by novel electrical appliances emitting electromagnetic fields in
the intermediate frequency range: a systematic review. Europace
: European pacing, arrhythmias, and cardiac electrophysiology
: journal of the working groups on cardiac pacing, arrhythmias,
and cardiac cellular electrophysiology of the European Society of

Furber S (2017) Microprocessors: the engines of the digital age.
Proceedings. Mathematical, physical, and engineering sciences
473(2199), 20160893-20160893.

Gang W, Shan L, Mullen-Fortino M, Sokolsky O and Insup L (2017)
Transmission delay performance in telemedicine: A case study.

Garrido-Cardenas JA, Garcia-Maroto F, Alvarez-Bermejo JA and
Manzano-Agugliaro F (2017) DNA Sequencing Sensors: An

Godfrey SB, Zhao KD, Theuer A, Catalano MG, Bianchi M et al. (2018)
The SoftHand Pro: Functional evaluation of a novel, flexible, and
robust myoelectric prosthesis. PloS one 13(10), €0205653-0205653.

Goetz LH and Schork NJ (2018) Personalized medicine: motivation,
challenges, and progress. Fertility and sterility 109(6), 952-963.

Hasan MK, Shahjalal M, Chowdhury MZ and Jang YM (2019) Real-
Time Healthcare Data Transmission for Remote Patient Monitoring
in Patch-Based Hybrid OCC/BLE Networks. Sensors (Basel,

Heikenfeld J, Jajack A, Rogers J, Gutruf P, Tian L et al. (2018) Wearable
sensors: modalities, challenges, and prospects. Lab on a chip 18(2),

Hockstein NG, Gourin CG, Faust RA and Terris DJ (2007) A history of
robots: from science fiction to surgical robotics. Journal of robotic

Hung AJ, Chen J, Shah A and Gill IS (2018) Telementoring and
Telesurgery for Minimally Invasive Procedures. ] Urol 199(2), 355-

Izmailova ES, Wagner JA and Perakslis ED (2018) Wearable Devices
in Clinical Trials: Hype and Hypothesis. Clinical pharmacology and

Kruse CS, Krowski N, Rodriguez B, Tran L, Vela ] et al. (2017) Telehealth
and patient satisfaction: a systematic review and narrative analysis.
BM] open 7(8), e016242-e016242. http://dx.doi.org/10.1136/

Kruse CS, Stein A, Thomas H and Kaur H (2018) The use of Electronic
Health Records to Support Population Health: A Systematic Review

Lewis PM, Ayton LN, Guymer RH, Lowery AJ, Blamey PJ et al. (2016)
Advances in implantable bionic devices for blindness: a review.

e1005

Papakonstantinou et al. (2022) EMBnet.journal 27, e1005
http://dx.doi.org/10.14806/e}.27.0.1005

Li G and Zhang D (2016) Brain-Computer Interface Controlled Cyborg:
Establishing a Functional Information Transfer Pathway from Human
Brain to Cockroach Brain. PloS one 11(3), e0150667-e0150667.

Li RT, Kling SR, Salata MJ, Cupp SA, Sheehan | et al. (2016) Wearable
Performance Devices in Sports Medicine. Sports health 8(1), 74-78.

Mahmood A, Kedia S, Wyant DK, Ahn S and Bhuyan SS (2019)
Use of mobile health applications for health-promoting behavior
among individuals with chronic medical conditions. Digital

Mastinu E, Doguet P, Botquin Y, Hakansson B and Ortiz-Catalan M
(2017) Embedded System for Prosthetic Control Using Implanted
Neuromuscular Interfaces Accessed Via an Osseointegrated

Mechanic OJ, Persaud Y and Kimball AB (2020) Telehealth Systems
(Eds.) StatPearls. StatPearls Publishing, Copyright © 2020, StatPearls
Publishing LLC., Treasure Island (FL).

Menachemi N and Collum TH (2011) Benefits and drawbacks of
electronic health record systems. Risk management and healthcare

Mesko B (2018) Health IT and digital health: The future of health
technology is diverse. Journal of clinical and translational research
3(Suppl 3), 431-434.

Meyer B and Asbrock F (2018) Disabled or Cyborg? How Bionics
Affect Stereotypes Toward People With Physical Disabilities.

Mills JO, Jalil A and Stanga PE (2017) Electronic retinal implants and
artificial vision: journey and present. Eye (London, England) 31(10),

Palabindala V, Pamarthy A and Jonnalagadda NR (2016) Adoption
of electronic health records and barriers. Journal of community

Palermo AE, Maher JL, Baunsgaard CB and Nash MS (2017) Clinician-
Focused Overview of Bionic Exoskeleton Use After Spinal Cord
Injury. Topics in spinal cord injury rehabilitation 23(3), 234-244.

Quigley M and Ayihongbe S (2018) Everyday Cyborgs: On Integrated
Persons and Integrated Goods. Medical law review 26(2), 276-308.

Ratwani R (2017) Electronic Health Records and Improved
Patient Care: Opportunities for Applied Psychology. Current

Schukat M, McCaldin D, Wang K, Schreier G, Lovell NH et al. (2016)
Unintended Consequences of Wearable Sensor Use in Healthcare.
Contribution of the IMIA Wearable Sensors in Healthcare

Page 6 of 7
not for indexing


http://dx.doi.org/10.5334/egems.249
http://dx.doi.org/10.5334/egems.249
http://dx.doi.org/10.1093/europace/euy155
http://dx.doi.org/10.1093/europace/euy155
http://dx.doi.org/10.1098/rspa.2016.0893
http://dx.doi.org/10.1098/rspa.2016.0893
http://dx.doi.org/10.1109/embc.2017.8037666
http://dx.doi.org/10.1109/embc.2017.8037666
http://dx.doi.org/10.3390/s17030588
http://dx.doi.org/10.3390/s17030588
http://dx.doi.org/10.1371/journal.pone.0205653
http://dx.doi.org/10.1016/j.fertnstert.2018.05.006
http://dx.doi.org/10.5312/wjo.v9.i9.112
http://dx.doi.org/10.5312/wjo.v9.i9.112
http://dx.doi.org/10.3390/s19051208
http://dx.doi.org/10.1039/c7lc00914c
http://dx.doi.org/10.1007/s11701-007-0021-2
http://dx.doi.org/10.1016/j.juro.2017.06.082
http://dx.doi.org/10.1002/cpt.966
http://dx.doi.org/10.1007/s11606-014-2789-x
http://dx.doi.org/10.1007/s11606-014-2789-x
http://dx.doi.org/10.1136/bmjopen-2017-016242
http://dx.doi.org/10.1136/bmjopen-2017-016242
http://dx.doi.org/10.1007/s10916-018-1075-6
http://dx.doi.org/10.1007/s10916-018-1075-6
http://dx.doi.org/10.1111/ans.13616
http://dx.doi.org/10.1111/ans.13616
http://dx.doi.org/10.1371/journal.pone.0150667
http://dx.doi.org/10.1177/1941738115616917
http://dx.doi.org/10.1177/2055207619882181
http://dx.doi.org/10.1177/2055207619882181
http://dx.doi.org/10.1109/tbcas.2017.2694710
http://dx.doi.org/10.1109/tbcas.2017.2694710
http://dx.doi.org/10.3892/br.2017.922
http://dx.doi.org/10.3892/br.2017.922
http://dx.doi.org/10.2147/RMHP.S12985
http://dx.doi.org/10.3389/fpsyg.2018.02251
http://dx.doi.org/10.3389/fpsyg.2018.02251
http://dx.doi.org/10.1038/eye.2017.65
http://dx.doi.org/10.3402/jchimp.v6.32643
http://dx.doi.org/10.3402/jchimp.v6.32643
http://dx.doi.org/10.1310/sci2303-234
http://dx.doi.org/10.1556/2006.7.2018.49
http://dx.doi.org/10.1556/2006.7.2018.49
http://dx.doi.org/10.1002/anie.201505062
http://dx.doi.org/10.1002/anie.201505062
http://dx.doi.org/10.1093/medlaw/fwy003
http://dx.doi.org/10.1177/0963721417700691
http://dx.doi.org/10.1177/0963721417700691
http://dx.doi.org/10.15265/IY-2016-025
http://dx.doi.org/10.15265/IY-2016-025
http://dx.doi.org/10.14806/ej.27.0.1005

(ws ) EMBnet.journal

Bioinformatics in Action

Serper M and Volk ML (2018) Current and Future Applications of
Telemedicine to Optimize the Delivery of Care in Chronic Liver
Disease. Clinical gastroenterology and hepatology : the official
clinical practice journal of the American Gastroenterological
Association 16(2), 157-161.e158.

Seshadri DR, Li RT, Voos JE, Rowbottom JR, Alfes CM et al. (2019)
Wearable sensors for monitoring the internal and external

Shenoy A and Appel JM (2017) Safeguarding Confidentiality in
Electronic Health Records. Camb Q Healthc Ethics 26(2), 337-341.

Steinhubl SR, Muse ED and Topol EJ (2015) The emerging field of
mobile health. Science translational medicine 7(283), 283rv283-
Stevens PM, Rheinstein ] and Wurdeman SR (2018) Prosthetic Foot
Selection for Individuals with Lower-Limb Amputation: A Clinical
Practice Guideline. Journal of prosthetics and orthotics : JPO 30(4),
Sutton RT, Pincock D, Baumgart DC, Sadowski DC, Fedorak RN et al.
(2020) An overview of clinical decision support systems: benefits,
risks, and strategies for success. NP] digital medicine 3, 17-17.
Ten Haken I, Ben Allouch S and van Harten WH (2018) The use of
advanced medical technologies at home: a systematic review of

Page 7 of 7
not for indexing

Papakonstantinou et al. (2022) EMBnet.journal 27, e1005
http://dx.doi.org/10.14806/e}.27.0.1005

Uddin M and Syed-Abdul S (2020) Data Analytics and Applications of
the Wearable Sensors in Healthcare: An Overview. Sensors (Basel,

Waldman SA and Terzic A (2011) Bionic technologies transforming
the science of healthcare delivery. Clinical and translational science

Wernhart A, Gahbauer Sand Haluza D (2019) eHealth and telemedicine:
Practices and beliefs among healthcare professionals and medical
students at a medical university. PloS one 14(2), e0213067-e0213067.

Williams MS, Taylor CO, Walton NA, Goehringer SR, Aronson S et al.
(2019) Genomic Information for Clinicians in the Electronic Health
Record: Lessons Learned From the Clinical Genome Resource
Project and the Electronic Medical Records and Genomics Network.

Wilson BS (2018a) The cochlear implant and possibilities for narrowing
the remaining gaps between prosthetic and normal hearing. World
journal of otorhinolaryngology - head and neck surgery 3(4), 200-

Wilson K (2018b) Mobile cell phone technology puts the future of
health care in our hands. CMA] : Canadian Medical Association
journal = journal de I'Association medicale canadienne 190(13),

Witt D, Kellogg R, Snyder M and Dunn ] (2019) Windows Into Human
Health Through Wearables Data Analytics. Current opinion in

1005

Reviews


http://dx.doi.org/10.1016/j.cgh.2017.10.004
http://dx.doi.org/10.1016/j.cgh.2017.10.004
http://dx.doi.org/10.1038/s41746-019-0149-2
http://dx.doi.org/10.1038/s41746-019-0149-2
http://dx.doi.org/10.1017/s0963180116000931
http://dx.doi.org/10.1126/scitranslmed.aaa3487
http://dx.doi.org/10.1097/JPO.0000000000000181
http://dx.doi.org/10.1038/s41746-020-0221-y
http://dx.doi.org/10.1186/s12889-018-5123-4
http://dx.doi.org/10.1186/s12889-018-5123-4
http://dx.doi.org/10.4081/jphr.2013.e28
http://dx.doi.org/10.4081/jphr.2013.e28
http://dx.doi.org/10.3390/s20051379
http://dx.doi.org/10.1111/j.1752-8062.2011.00271.x
http://dx.doi.org/10.1371/journal.pone.0213067
http://dx.doi.org/10.3389/fgene.2019.01059
http://dx.doi.org/10.3389/fgene.2019.01059
http://dx.doi.org/10.1016/j.wjorl.2017.12.005
http://dx.doi.org/10.1503/cmaj.180269
http://dx.doi.org/10.1016/j.cobme.2019.01.001
http://dx.doi.org/10.1016/j.cobme.2019.01.001
http://dx.doi.org/10.3892/etm.2016.3656
http://dx.doi.org/10.3892/etm.2016.3656
http://dx.doi.org/10.14806/ej.27.0.1005

