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Abstract

Objective: Artificial intelligence (AI) has been increasingly applied in various fields of science and technology. In line with the
current research, medicine involves an increasing number of artificial intelligence technologies. The introduction of rapid AI
can lead to positive and negative effects. This is a multilateral analytical literature review aimed at identifying the main
branches and trends in the use of using artificial intelligence in medical technologies.

Methods: The total number of literature sources reviewed is n= 89, and they are analyzed based on the literature reporting
evidence-based guideline PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) for a systematic
review.

Results: As a result, from the initially selected 198 references, 155 references were obtained from the databases and the
remaining 43 sources were found on open internet as direct links to publications. Finally, 89 literature sources were eval-
uated after exclusion of unsuitable references based on the duplicated and generalized information without focusing on the
users.

Conclusions: This article is identifying the current state of artificial intelligence in medicine and prospects for future use. The
findings of this review will be useful for healthcare and AI professionals for improving the circulation and use of medical AI
from design to implementation stage.
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Introduction

General state of AI in medicine

Medical technologies play a vital role in the treatment and
diagnosis of patients because of their direct contact with
users (doctors, medical staff, and patients). According to
the official site of Asia Pacific Medical Technology
Association ‘APACMed’1: ‘Medical Technologies are
technologies that diagnose, treat and/or improve a
person’s health and wellbeing’. The introduction of artifi-
cial intelligence (AI) into medical technologies is becoming
one of the important stages of their design and develop-
ment.2–11 The main areas of medical AI application include
imaging processing, physiological signal recognition, and

neurological health issues.12–15 Deep medicine (DM) is the
definition of medicine involving AI applications to acquire,
process, and analyze medical and clinical data (Watson,
2019). DM includes the development and use of machine
learning algorithms, apps, and software, which are important
medical AI elements.16–19 The main issue with AI
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introduction in healthcare is users’ trust in this type of tech-
nology because the medical function performance or the pro-
cessing of information by the device is invisible to doctors,
medical staff, and patients.20 The importance of this trust is
due to the fact that the user is passing a function to the AI
that he cannot perform on his own, and therefore does not
fully understand the process. Moreover, most AI systems
have the function of self-learning and modification of work
algorithms. Accordingly, the process cannot be completely
transparent and this interaction needs the trust of the users.
This implies that the acceptance of AI medical devices by
users is based mainly on trust.21 Lack of trust in users can
interfere with the use of AI-based medical devices such as
emotional discomfort, increased anxiety, reduced frequency
or duration of AI device use, and, in some cases, device aban-
donment.21 Thus, participants in the development, produc-
tion, and sales of the healthcare market are also interested
in the implementation of AI technologies and solving the
basic problem of mistrust. The main points of AI fear/

mistrust in healthcare with the proposed solutions are as
follows (Table 1, Revised from22):

Table 1 shows the important challenges and issues for
medical AI introduction and the application of medical
AI, which can cause mistrust in AI technologies.
Solutions to these issues are mostly related to working
with users by promoting a better understanding of AI opera-
tions, making AI work more transparent, destroying nega-
tive myths, and improving the image of AI via education.
Additionally, AI developers and designers should be more
user-centric to ensure ease in working with AI technologies
as well as in reducing the training time and improving user
experience. Perception and trust issues have been examined
and found to be important in medical AI.23–26

In this study, we provide a systematic analytical litera-
ture review regarding the trends, benefits, and disadvan-
tages of AI applications from the user point of view over
the past three decades. In this study, we aim to assess differ-
ent areas of AI application in healthcare such as big data,
data mining, deep medicine, and clinical imaging. The find-
ings will be useful for healthcare professionals, AI engi-
neers, AI developers, AI providers, and medical and AI
researchers to improve the circulation and use of medical
AI at all stages of its life cycle from design to
implementation.

Research novelty

The presented article is a review dedicated to the summa-
tion of previous research on the application of AI in medi-
cine based on PRISMA guidelines. The review of the
literature on this topic was carried out by the authors for
the first time and demonstrates their first study with the
most complete inclusion of literary sources. Evaluation of
previous literature allowed to detect the following gaps in
presented research topic: lack of coverage of the general
state of medical AI over the past decades, limited applica-
tion of medical AI to a few areas, such as machine and
deep learning, lack of overview of the prospects in the
field of medical AI, and limited research methods. Based
on these research gaps, the study proposed the following
novelty which addressing the posed scientific question:

• The article focuses on the general state of artificial intel-
ligence in medicine and paints a broad picture of the
problems.

• The main medical applications of artificial intelligence
have been identified and gives an understanding of
which of them require more implementation of AI
technologies;

• The problems and challenges of using AI in medicine
have been fully described. The study also focused on
issues that are rare in the current literature, such as the
ethical and legal regulation of the use of AI in medicine.
And this question is scientifically sensitive and

Table 1. AI issues with possible solutions.

AI Issue Solution

Validation process of
potentially accepted AI for
clinical practice

Verification of the AI technology
preparation process with
subsequent checks, testing,
and validation in different
medical areas

Joint integration of existing
medical devices and new AI

New AI app design for
improvement of existing MD
operation, data collection, and
easy connection with new AI
systems

Application of high-quality
data sets designed to
integrate and maintain
the AI operation

Facilitate access to all types of
health data to simplify the
design

Collection of large-scale
data without missing

Collection of all possible types of
data – from directly about
health to statistical and other
remotely related to healthcare

Extension of healthcare
areas for AI application

Increase the competitiveness of
AI technologies and promote
AI more actively in media

Determination of AI
limitations in healthcare

Application of various methods
to neutralize
misunderstandings and
misinformation about AI
technologies among potential
users
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important, since it is directly related to the health and life
of patients.

• Based on the described novelty of the study, it can be
concluded that the literature review reflects the research
question posed about assessing the general state and
trends in the application of AI in medicine

Comprehensive literature review

Review method

The present study is a systematic analytical review of the
literature concerning the advantages, disadvantages, and
dangers of AI medical devices for users. A literature
review was performed to evaluate problems arising during
the use of AI medical devices from the viewpoint of user
perception based on the most current data. Literature ana-
lysis was conducted based on the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. According to the official PRISMA
website, PRISMA proposes a minimal set of requirements
for systematic reviews and meta-analyses for conducting
a literature review of higher quality. PRISMA is universal
and can evaluate innovations, contributions, and, some-
times, impact of the reviewed publications.27 The main
principles and sequence of the analysis applied in this
study are shown in Figure 1.

International and interdisciplinary literature was selected
from 198 sources, without bias, from different databases.
The following keywords in different combinations were
used during searching process: artificial intelligence, AI,
medicine, medical, machine learning, deep learning,
medical device, future, challenge, trends, robots, and treat-
ment. From the selected 198 references, 155 references
were obtained from the following databases: ScienceDirect,
Scopus, PubMed, Google Scholar, SAGE, and PsycINFO.
The remaining 43 sources were found on open internet as
direct links to publications. Among all the literature
sources, 34 sources were duplicates or had similar informa-
tion. Hence, they were removed, and a subsequent initial
abstract review was conducted on 164 publications. After
evaluating abstracts and selecting relevant content, 122 lit-
erature sources were selected for a full-text review. Next,
33 references were excluded based on the following
reasons: generalized information about new AI technologies
without focusing on the users, a description of the AI tech-
nology design process without considering the impact on
the potential user, and the study of non-medical AI
devices. The aforementioned literature source evaluation
was based on research topics, publication period, theoretical
background, findings, and conclusions. During screening,
the following keywords and their combinations were used:
artificial intelligence, AI, medicine, healthcare, medical
devices, user experience, ergonomics, human factors, AI
technologies, and AI applications. This literature review

approach has been used in different studies on the application
of AI technologies, including healthcare. An affirmative
answer to the following questions was the main factor that
led to the inclusion of the literature sources in the review.

Does the study provide information or findings related to
AI in medicine and its impact on users? Does the study
discuss the dangers, advantages, and disadvantages of AI
applications in medicine? Does this study present
methods for the development of AI applications in medicine
and healthcare? Does the study provide topics for discus-
sion regarding the dangers, advantages, and disadvantages
of AI in medicine and healthcare, considering user
experience?

Basic statistics of selected literature

Selected literature sources, using the PRISMA method
(published from January 2011 to June 2021), analyzed stat-
istically and showed that the majority of research in the
examined field was performed in the USA, Canada, and
the UK (Figure 2). In general, active studies connecting
AI applications, healthcare, and ergonomics have been per-
formed in a small number of countries. Furthermore, given
that only studies till the middle of 2021 were considered,
the number of articles has rapidly increased since 2011
(Figure 3). The main areas of AI application in medicine
are shown in Figure 4.

Table 2 shows official medical definitions of main AI
application areas from Figure 4 accepted for current
research.28–30

Statistical analysis of the selected literature sources pre-
sented above shows that AI in medical devices and tech-
nologies is relatively undeveloped. Accelerated growth in
the number of studies on these topics started approximately
five years ago. The USA, Canada, and the UK are leaders in
this research topic. In developing countries, attention to
medical AI is much lower than in developed countries.

Overview of artificial intelligence application
in medical technologies
In the above sections, it was found that the main branches of
medicine using AI are oncology, pulmonology, cardiovas-
cular medicine, orthopedics, hepatology, and neurology.
Therefore, it is necessary to analyze and determine the
application of AI in these medical areas. Previous
studies31–39 reported the main application of AI in medi-
cine. It was observed that application areas can be classified
into three major groups by functionality: collection of
medical data, medical data analysis (disease analysis), and
active treatment processes (Figure 5).

These three groups are united in the general process of
AI application in medicine and treatment, but include dif-
ferent medical activities. The above studies showed that

Bitkina et al. 3



the collection stage includes medical data detection and
extraction, which is related to the preparation for disease
diagnosis. The analysis stage includes the classification
and identification of information obtained from the collec-
tion stage, which is related to disease/disorder diagnostic
activity. The active treatment stage refers to all therapeutic
measures considered by the doctor after the diagnosis of the
disease/disorder, such as physiotherapy, radiotherapy,
surgery, chemotherapy with medication prescription, and
prediction and prognosis of the patient state. Previous
studies have shown that medical imaging (process of
imaging the patient body and separating internal organs
before the active treatment process), data exchange, and
big data processing are the main applications of each
general treatment process stage as shown in
Figure 5.32,33,36 This fact is explained by the idea that
working with medical information and visualization plays
a significant role in the diagnosis and, therefore, the accur-
acy and effectiveness of treatment. Active treatment process
AI application (from Figure 5) was extracted as one of the
main previous literature topics and Table 3 discusses this in
more detail.

A brief overview of the studies summarized in Table 3
and Figure 5 shows the following results. Hosny et al.40 dis-
cussed image recognition tasks and visualization methods
in radiology, which is a common approach in oncology
treatment. The authors discuss the application and future
of imaging methods in radiology. Luo et al.41 introduced
a gastrointestinal AI diagnostic system for patients with
upper gastrointestinal cancer. Clinical endoscopy imaging
data were used to develop this method with high diagnostic
accuracy. The basis of this method corresponds to deep
learning for medical imaging. The developed AI model is
comparable to that of experienced medical professionals
in terms of the effectiveness of cancer detection. These
studies show that in cancer treatment processes, AI
approaches can be equal to those of experienced profes-
sionals in data processing and imaging stages. Deep learn-
ing approaches have been found to be the most promising
and have been implemented in image recognition.42

Methods, such as convolutional neural networks or vari-
ational autoencoders, present a promising future in radi-
ology and oncology. Ardila et al.43 proposed a method
based on a deep learning algorithm in the computed

Figure 1. Literature selection for review process according to PRISMA guideline.
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tomography to predict lung cancer. This method shows high
accuracy and supports the hypothesis that optimization of
the cancer screening process can be performed via introduc-
tion of AI. Deep learning methods play an important role in
lung cancer screening and increase the accuracy and effect-
iveness of treatment. Li et al.44 studied deep convolutional
neural network (DCNN) models to improve the ultrasound
detection process for thyroid cancer. A highly accurate
DCNN model was developed using ultrasound images of
patients with cancer. The effectiveness of the model for
cancer detection was similar to that of an experienced radi-
ologist. These findings support the ability of medical AI
applications to improve the treatment processes.
Tuberculosis detection during chest radiography can be
improved using deep convolutional neural networks.45

Specifically, a model was developed to classify images,
which demonstrated the presence/absence of tuberculosis.
Hence, the accuracy of the method exceeds 97%, and the
analysis of medical data together with experts reduces the
error in disease diagnosis. The diagnosis of fibrotic lung
disease is based on accurate high-resolution computed tom-
ography.46 Deep learning applications show accurate
results, and thus, disease detection shows human accuracy.
The proposed algorithm can aid in optimizing the cost-
effective management of clinics or research centers that
lack medical personnel and other specialists. The Systolic
Blood Pressure Intervention Trial method was developed
to test the effectiveness and usability of medical programs

for patients with ischemic cardiovascular disease for redu-
cing blood pressure and limit it to recommended values.47

The combination of the inference and electronic methods
shows the effectiveness of blood pressure treatment.
Machine learning methods can be used to treat heart
failure.48 The proposed method is based on tensor factoriza-
tion with the integration of deep phenotypic and
trans-omics and accounts for the interactions between
patient genetic factors. Winslow et al.49 applied a statistical
learning approach to high-dimensional biomolecular data
for heart disease treatment. The study provides evidence
of the importance of using multiscale modeling for the con-
nection of organs and provision of anatomical shapes. Han
et al.50 discussed the issue of using AI in orthopedic medi-
cine. The authors claimed three main limitations. First, the
use of AI is a time- and finance-consuming process.
Second, when AI is applied to big data management, it
can lead to spread of confidential medical information.
The third problem is that separate AI use in orthopedic
surgery is still impossible without human intervention.
All of these limitations complicate the AI introduction
process. Zhou et al. 51 found and supported numerous
studies that machine learning with AI elements can be
applied for the prediction and classification of hepatology
diseases with large patient datasets. The authors summar-
ized previous studies and concluded that the growth of AI
and machine learning applications in hepatology can sig-
nificantly improve the treatment process. Kochanski

Figure 2. Trend of studies on AI in healthcare and medical devices by country (January 2011–June 2021). * Brazil, Indonesia, Taiwan,
Switzerland, New Zealand, Ukraine, Russia, Denmark, Belgium, Portugal, Finland, Malta, and Singapore.
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et al.52 applied a deep convolutional neural network and 3D
methods to increase the knee treatment efficiency. The
developed method can aid in segmenting all knee tissues
with a higher accuracy. Musculoskeletal imaging can be
more effective for using a deep learning approach. Spann
et al.53 discussed the use of image guidance and robotic
systems in spine surgery. The authors described the benefits
of using these approaches, such as reducing occupational
exposures for medical specialists and patients and support-
ing the simultaneous introduction of both methods into
spine surgery, to improve treatment accuracy. Zhang
et al.54 examined the artificial neural networks application
of ANNs for the diagnosis of liver fibrosis using duplex
ultrasonography. The authors found that the quantitative
diagnosis of liver disease is based on the developed

approach with good sensitivity and specificity is effective
and can be applied for treatment. Yasaka et al.55 investi-
gated the possibility of using deep learning techniques in
computed tomography to detect liver fibrosis. The devel-
oped model with moderate performance demonstrated that
deep learning can be applied for the diagnosis of fibrosis
in hepatology. Another important and main area of AI
application is neurology. Drzezga et al.56 examined
aging-related neurological problems using examples of
neurodegenerative Alzheimer’s disease. The combined
use of positron emission tomography and magnetic reson-
ance imaging is a helpful and promising approach in the
field of neurological imaging. Study57 demonstrated that
AI assessment can accurately diagnose dementia in its
early stages. AI-based tools based on machine learning
methods, such as online assessment tests, allow the applica-
tion of earlier treatment, prevent diagnostic errors, and
reduce the cost of secondary healthcare for neurological
diseases. The development of AI-powered neurological
issue detection tools has made it easier to treat physical
and mental disorders. The application of artificial neural
networks for response assessment in neuro-oncology can
be introduced to diagnostic processes using magnetic reson-
ance imaging.58 Furthermore, the authors proposed an
effective framework that reflects the replacement of compli-
cated manual disease assessment by automated quantitative
magnetic resonance imaging analysis in neuro-oncology.

After reviewing numerous studies, it was found that data
collection, analysis, and active treatment are stages of the
general treatment process. Clinical imaging collection/

Figure 3. Trend of studies on AI in medical devices and healthcare (January 2011–June 2021).

Figure 4. Main areas of AI application in medicine.
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processing, machine learning methods, and AI algorithm
development for disease and disorder classification (predic-
tion) are involved in each general treatment stage.59–61

Overview of artificial intelligence mobile and web
apps for medical applications
According to the World Health Organization, eHealth (elec-
tronic health) is a special system for increasing cost

efficiency and securing information used during the health-
care and treatment processes. The eHealth system can
improve the healthcare experience by reducing the distance,
time, and effort between treatment participants (users).
Each area of eHealth (monitoring, communication, record-
ing, and management) includes different number of users
and consequently, different technology nodes.
Communication technologies and methods can be
improved through eHealth applications in health studies,
research, and knowledge delivery. Mobile and Web AI
Apps (Apps, AI Apps) are a special issue in medical
devices and general medicine with an orientation to usabil-
ity and user experience. Apps are part of the electronic
health (eHealth) system.62 A summary of previous research
results on eHealth system elements is shown in Figure 6.63–
68 Figure 6 contains groups of representative studies of each
E-health system – Studies A, B, and C. Examples of repre-
sentative studies A are Felbaum et al., Higgins et al.,
Tsapepas et al., Sarkar et al., Liao et al., and van der Meij
et al.64–69; representative studies B are Warren-Stomberg
et al., Liew et al., and Islam et al.70–72; representative
studies C are Timmers et al., Felbaum et al., Higgins
et al., and Tsapepas et al.63–66

Figure 6 shows the basic nodes of a general eHealth
system, and a review of the literature shows that most of
the current references are related to two eHealth nodes of
post-treatment management and communication technolo-
gies. Moreover, previous studies have shown that the
main AI app application areas are surgery, and user-
oriented problems are satisfaction and usefulness in post-
treatment management and communication technologies.

To support the study summarized in Figure 6, it is neces-
sary to provide a brief overview of previous research.
Timmers et al.63 examined the application of apps for
patients after total knee replacement surgery for pain reduc-
tion and information perception. It was observed that AI
apps for patient self-care can aid in reducing pain and
increasing the quality of life and physical functioning.
Additionally, the study supports the hypothesis that post-
operative care education apps increase satisfaction with
information and perceived healthcare. Felbaum et al.64

introduced app-based instructions for patients after neuro-
surgery and proved that AI apps are useful in neurosurgical
care to improve user experience and satisfaction with
medical care. Apps for adjusting the personalized convales-
cence plan and developing a recovery schedule for each
patient after laparoscopic abdominal surgery were tested
by van der Meij et al.69 The authors suggested the use of
electronic health interventions in treatment in further
studies. Patient-centered mobile applications for monitoring
the post-surgery state during the first few weeks, which is
critical for patient recovery, have been investigated.65

Using the smartphone application, doctors were able to
monitor patients’ states through periodic online surveys.
This study illustrated the positive role of an AI app and

Table 2. Definition of main medical areas for AI application.

Area of
Medicine Definition

Oncology A branch of medicine that studies cancer
tumors from occurrence period, treatment
methods, and approaches including ways
of prevention.

Pulmonology A branch of medicine that studies methods of
diagnosis and treatment of lungs, bronchi,
and trachea diseases.

Cardiovascular A branch of medicine that studies the
methods of diagnosis and treatment of
circulatory system diseases including the
heart and blood vessels.

Orthopaedics A branch of medicine that studies the
methods of diagnosis and treatment of the
skeletal system disease including surgery.

Hepatology A branch of medicine that studies the
methods of diagnosis and treatment of the
liver disease (for example, hepatitis,
cirrhosis, cancer, immunology problems,
and transplantation process).

Neurology A branch of medicine that studies the
methods of diagnosis and treatment of the
nervous system disease including
problems with the brain and nerves.

Figure 5. Extracted medical AI application areas by functionality.
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Table 3. Literature summarizing main AI medical applications in active treatment process.

Study AI area Medical area Summarized research content

Hosny et al. 40 Imagine methods Oncology Discussion of visualization methods in radiology

Luo et al. 41 Clinical endoscopy imaging Development of deep learning method for endoscopy
imaging recognition

Abdellatif et al. 42 Radiology imaging Convolutional neural networks and variational
autoencoder application for imaging

Ardila et al. 43 Computed tomography Development of deep learning method for cancer
prediction

Li et al. 44 Ultrasound detection Development of convolutional neural network model
for thyroid cancer detection

Lakhani and
Sundaram 45

Radiology imaging Pulmonology Development of deep learning method for
tuberculosis detection

Walsh et al. 46 High-resolution computed
tomography

Development of deep learning method for fibrotic
lung disease

Johnson et al. 47 Systolic blood pressure intervention
method

Cardiovascular Intervention method development for reducing
blood pressure in ischemic cardiovascular disease

Luo et al. 48 ML methods Development of deep learning method based on
genetic approach in cardiology

Winslow et al. 49 ML methods Development of statistical learning approach for
high-dimensional biomolecular data

Han and Tian 50 General AI introduction Orthopedics Limitation of AI application in orthopedic medicine.

Zhou et al. 51 ML methods and musculoskeletal
imaging

Application of deep convolutional neural network
and 3D methods to increase knee treatment
efficiency

Kochanski et al. 52 Imaging and robotics systems Description of AI using benefits for medical
specialists and patients in spine surgery

Spann et al. 53 ML methods Hepatology Summarizing of previous studies on effectiveness of
machine learning application in hepatology

Zhang et al. 54 Deep learning methods Artificial neural network application for diagnostic of
liver fibrosis via duplex ultrasonography

Yasaka et al. 55 Deep learning methods Deep learning application in computed tomography
to detect liver fibrosis.

Drzezga et al. 56 Positron emission tomography and
magnetic resonance imaging

Neurology Combination introduction of different tomography
and imaging methods for neurological treatment.

Hughes 57 ML methods Application of AI assessment tool based on ML
methods for dementia in early stage treatment.

(continued)
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patient satisfaction with the online system. Tsapepas et al.66

studied apps for patients receiving kidney transplants that
aided in understanding the name of medication received
after surgery with dose, effects, and interactions with
other medicines. Hence, most of the patients correctly
answered the control medication survey, and the tested
app was helpful in educating users about post-surgery
care. The prospect of using apps for home care after
medical procedures and surgery was studied by
Warren-Stomberg et al.70 The results suggest that users
(patients) have positive attitudes toward the telemedical
method with apps that transfer safe health data to the
hospital.

Sarkar et al.67 investigated the usability of mobile health
application apps for diabetes, depression, and caregiving to
improve and develop further eHealth applications. It was
suggested that app developers consider the lack of confi-
dence in technology, frustration with design and navigation,
and increase in self-management features. These character-
istics are helpful in improving app usability and user satis-
faction. Liao et al.68 studied apps for monitoring the
recovery process in the post-discharge period. It was
observed that monitoring apps for the post-discharge drain-
age period can be used with high user satisfaction. Liew
et al.71 observed that the usability of medical apps is an

important factor in ensuring the success of health and well-
ness of users (doctors, patients, and other professionals).
Satisfaction with the app is ranked by users as the main
usability characteristic that provides the best user experi-
ence. However, negative user expectations are linked to
charges of apps and advertisements. Moreover, this type
of app can aid in improving surgical care in eHealth.
Islam et al.72 investigated eHealth apps among
Bangladeshi users and found that the usability of these
apps is unsatisfactory and can cause problems for eHealth
service consumption.

Based on the studies reviewed in this section, the use of
apps facilitates communication between healthcare profes-
sionals and patients. However, lack of user satisfaction
and app usability can be the main issues in AI apps’ percep-
tions and adoption of new electronic technology. As
primary users, patients demonstrate satisfaction and posi-
tive attitudes towards online and electronic healthcare
applications. Furthermore, it was reported that e-health is
gaining popularity, but is still underutilized. Further imple-
mentation of new online technologies is required to
improve the user experience and patient satisfaction with
healthcare services.

Discussion
Artificial intelligence is attracting increasing attention in all
fields, including medicine. Although medical AI applications
are expanding, there are still limitations and biases.50,73,74

Summarizing all reviewed research by the treatment
process, the main areas of AI engagement include oncology,
pulmonology, cardiovascular medicine, orthopedics, hepa-
tology, and neurology. Artificial intelligence can be applied
in each step of the treatment, but its main electronic applica-
tions are clinical imaging collection/processing, machine
learning methods, and AI algorithm development for
disease and disorder classification (prediction) [
Figure 775,76;]. Figure 7 contains groups of representative
studies of each AI sub-area – Studies of Machine Learning

Table 3. Continued.

Study AI area Medical area Summarized research content

Kickingereder
et al. 58

ML methods and magnetic
resonance imaging

Application of artificial neural networks for the
magnetic resonance imaging in neuro-oncology.

Deyer and Doshi 59 General AI methods and systems in
radiology

All medical areas Discussion of applied AI systems and approaches in
medical radiology and different computer systems

Liew 60 Deep learning methods and clinical
imaging

Discussion of the safe AI application for clinical
imaging to improve general radiology practice

Rozynek et al. 61 General AI methods and systems in
diagnostic imaging

General body
muscle system

Discussion of AI method application in diagnostic
imaging for body muscle system assessment.

Figure 6. Main extracted elements of an e-health system.
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and Mobile/Web Apps. Examples of representative studies
of Machine Learning are Antons and Breidbach31, Gubbi
et al., 32 and Kersting et al.77; representative studies of
Mobile/Web Apps are Felbaum et al., Higgins et al., and
Tsapepas et al.64–66

Different machine and deep learning methods, together
with neural networks (neural networks), can be grouped
into AI analytic machine-learning clusters. AI analytics is
described as a cluster of approaches and methods for ana-
lyzing big data to reduce the time and effort of researchers
and analysts.78 Most common machine learning methods
are logistic regression, support vector machines, decision
trees, convolutional neural networks, and naïve Bayes clas-
sifiers. Figure 7 shows that the AI approaches of machine
and deep learning, neural nets, and various AI apps can
be successfully applied to clinical imaging improvement
(e.g. ultrasound, MRI, X-ray), detection of the presence/
absence of a disease, disease onset prediction, management
of treatment process, and medication prescription.

Additionally, it can be observed that AI trends in
Figure 7 can be randomly combined, and these combina-
tions can lead to separate important functions during the
treatment process.31–39 Previous studies show AI as an
advanced medical technology, which can serve as a treat-
ment process with data collection, data analysis, and mon-
itoring functions to improve the treatment process. It is
evident that AI introduction has a large number of barriers
and suspicions on the part of users, including the medical
staff and patients. Based on this, there is a huge layer of
medicine where artificial intelligence is either not used at
all or is used minimally. This lack of AI use is felt especially
in surgery and direct intervention in the organs, joints, and
tissues of patients. Since AI is used in various areas of
surgery, including laparoscopy, organ and tissue transplant-
ation, abdominal and neurosurgery, special attention
deserves surgery and surgical intervention using AI.
Study79 shows a method to evaluate organs of liver
donors in transplantation surgery based on a deep learning

approach using image information. The proposed model
has accuracy over 90% and helps perform non-invasive
organ assessment. An AI model was developed to detect
anatomic regions in laparoscopic cholecystectomy with
high performance80 to avoid biliary duct injury. To make
AI in medicine more effective, it is necessary to clarify
the definition, classification and role of AI-based healthcare
methods. Computer vision and imaging are also important
and promising AI-based approaches which can be helpful
to screen diseases effectively. Decker et al.81 proposed
radiomics as a method for effective lung cancer detection.
Authors discuss ability of this method to detect tumors non-
invasively. Although this is an emerging field based on AI,
it has great potential in diagnosing diseases. Literature
review by Gumbs et al.82 summarized and discussed the
computer vision role in autonomous surgery. It was found
that digitized visual information is the living application
of computer vision in surgery, but further development of
medical imaging will be helpful to improve treatment effi-
ciency and decrease invasive interventions. The article
also shows that further development in this direction will
lead to an increase in autonomous actions in treatment.
However, for significant improvement in this area, it is
necessary that surgeons recognize the importance and pos-
sibilities of AI and improve their skills in communicating
with such technologies. The previous study83 provides an
introduction to the concept of artificial intelligence
surgery and demonstrates that AI in surgery should also
include robotization, and not just machine/deep learning
and computer vision. Authors believe that robotic surgery
will provide a base for autonomous actions during interven-
tion that will improve surgery results, connection between
doctor and patients in pre-operative, intra-operative, and
post-operative treatment stages. This medical issue is con-
nected with a research question about autonomy in
surgery. Gumbs et al.84 discussed the issue of distrust and
wariness associated with the use of AI-based devices in
surgery. This study distinguishes six levels of autonomy,
ranging from the level “0” without the use of AI to the
level “5” of full autonomous surgery; and separates a few
AI types of machine learning, deep learning, and computer
vision. A clearer understanding of AI levels and types is
necessary for surgeons to do their job more efficiently
and safely for patients. The positive result of AI application
corresponds to an increase in productivity, accuracy (effi-
ciency) of diagnostics and treatment, reduction in treatment
time and costs, and improvement in post-treatment
care.57,85,86

In the field of medical imaging (including data collection
tasks for future treatment), the use of AI technologies can
improve the accuracy of the recognition of foci of disease
and neoplasms, which is comparable to the work of a
medical expert.41 Conversely, the best results are obtained
when the AI and healthcare professional’s assessment
work together.45 Furthermore, machine learning, deepFigure 7. AI electronic trends in medicine.
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learning, and algorithms developed on this can aid in
increasing the efficiency of predicting the occurrence of a
disease, classifying an existing disease, and checking the
prescribed treatment method and medications (including
dosage).77,33 It is also easier to manage big health data
when there is an AI algorithm for collecting, evaluating,
and analyzing data.

Another problem associated with the introduction of AI
medical technologies and healthcare data management is
the method of medical AI verification, as well as
AI-based research replication. Previous studies87–90 show
that the main problems are the lack of standards and regu-
lation in the collection and processing of medical data;
the secrecy of AI algorithms due to which the multi-level
data analysis processes are not obvious to users and it is dif-
ficult to understand how artificial intelligence mathematic-
ally processes the data and analysis. For the same reason,
replication of AI studies is difficult. Replication of studies
is important especially in medicine to prove the results
obtained. This process also requires a large data set,
which is also a problem in medicine, since the use of
patient data must have increased security and integrity.
Basically, these data cannot be disclosed due to the need
for patient privacy. Based on this, a previous study88 pro-
poses a validation model for AI in precision medicine
using the example of oncology treatment. The proposed
algorithm contains the following steps: determining the
application of AI and the target medical group; the AI tech-
nology analysis period and data set used; ensuring the
security of the data used; AI evaluation criteria and
metrics; ensuring the transparency of the AI functioning.
The secrecy of AI approaches has been discussed by
Petch, Di, and Nelson.90 This study shows that due to a
lack of understanding of deep and multi-level processes,
medical professionals still have mistrust in healthcare AI
since this is connected with the life and health of people.
Authors studied techniques of explainable machine learning
and discussed importance of AI transparency for medical
purposes as well as some limitations of existing AI
methods. Since the security of medical data is a necessity,
a solution to this problem was proposed by Almalawi
et al.87 The authors proposed an algorithm for encrypting
private data. This method is based on the approach and
encrypts patient data before it enters the cloud, generating
secure keys. The proposed method is cost-effective as it
minimizes the time spent on encryption and access to
data, increasing confidentiality. Pandey et al.89 proposed a
systematic literature review on the medical data integrity
issue. The authors presented the main data integrity pro-
blems, methods and techniques in the field of medical
data security, as well as the challenges and future in this
area. One of the main and promising data integrity techni-
ques has been identified as blockchain. Based on previous
research and considering the importance of research on
AI safety and validation, the proposed results can help in

understanding which deep learning and machine learning
methods can improve the patient data processing and how
best to use them.

Although the use of artificial intelligence facilitates and
improves the process of providing medical services, there
are a number of problems and barriers to the widespread
adoption of AI. One limitation is the high cost of the
devices with AI elements.50 This corresponds to the
paradox that occurs very often the use of these technologies
should reduce the cost of treatment. However, artificial
technologies are quite expensive. Second, there is still a
lack of user trust in AI.22 This is due to the fact that infor-
mation processing in AI devices is hidden from the doctor
and patient, and there is also a paucity of long-term research
plans for the development and improvement of AI technolo-
gies.50 The combination of these factors leads to suspicion
and lack of trust in artificial intelligence. The ethical aspect
of the use of artificial intelligence is also a challenge to the
expansion of clinical AI.50,91–94 This involves two aspects:
work with big medical data and introduction of AI into con-
troversial medical areas, for example, related to the study of
genes and their modifications. To address this problem, it is
necessary to develop a clear set of legislative regulations for
genetic engineering as well as improve the reliability of AI
software to avoid the leakage of patient personal data.
Another limitation is related to the ease of use of AI equip-
ment or devices by doctors (especially in high-precision
surgical areas) as well as the responsibility for medical
errors during or after AI use. The solution to these problems
is also associated with the legislative consolidation of
responsibility for clinical errors in relation to doctors, AI
developers, or AI providers (identification of responsible
AI agents). Additionally, developers should provide a user-
centric AI interface and system to reduce usage time, com-
plexity of use, and physician fatigue, and improve the inter-
pretability of the obtained AI results.22

Based on previous studies67,68 user experience and
usability are discussed in the fields of medicine and
medical AI95,96 related to the aforementioned barriers.
Cutillo et al.95 summarized and proposed a few usability
characteristics, which are especially important in medical
AI, including error prevention via system feedback,
medical AI intervention should be clearly understood in
terms of comparison with the usual medical care process,
and a connection system between medical users, disci-
plines, and sectors should be established to provide the
most useful treatment system. The proposed approach is
consistent with the findings of Bitkina, Kim, and Park.96

In this study, the authors explained the usability concept
of medical device assessment based on the following prin-
ciples. First, usability can be evaluated as a subset of the
medical user experience. Second, medical devices and con-
sumer goods must be evaluated using different criteria.
Third, the medical usability evaluation approach is depend-
ent on the type of product in the expert and medical
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systems. Summarizing the aforementioned studies, it
should be noted that the use of medical devices and
systems, including artificial intelligence, is a separate
concept, and the approach to assessing medical user experi-
ence should differ from that of other services and products.

Despite the presence of all the barriers and problems in
the clinical use of artificial intelligence, this area is promis-
ing for improving the diagnosis of diseases, treatment
process, and post-treatment care.97–100 Developers should
pay particular attention to expanding the scope of AI in
medicine such as surgery.

Limitations of study
Despite the results and findings obtained, the presented
article has a number of limitations. Firstly, the concept of
artificial intelligence is rather vague even with an encyclo-
pedic definition. Accordingly, when reviewing the existing
literature, it must be understood that each author has his
own final understanding of this field. Based on this, the
review includes previous AI research, but adjusted for the
individual perceptions of the authors and this cannot be
unified at the current moment. Secondly, a literature
review, even in the presence of a specific methodology,
always has an omission of literature sources, since they
are updated every day and it is impossible to fully follow
this. Third, despite the abundance of literature in the area
under discussion, the number of published studies in the
presented topic is still not enough and the selection of
resources requires increased the attention and time.

Conclusion
This article provides an overview of the current state of arti-
ficial intelligence in the field of medical technologies. Over
100 published and gray literature sources were reviewed
and evaluated, and major trends in medical AI were identi-
fied. Statistical analysis of previous literature shows that the
leaders in medical AI research are the USA, Canada, UK,
and China. Furthermore, the number of published AI
studies started rapidly increasing from 2005 to 2006.

The main branches of medicine that use AI are oncology,
pulmonology, cardiovascular medicine, orthopedics, hepa-
tology, and neurology. The main applications of AI in
medical devices can be classified into three major groups:
collection of medical data, medical data analysis, and
active treatment processes. Special attention to the use of
AI is focused on clinical imaging, data exchange, big data
processing, and machine-learning algorithm development
to predict and classify diseases.

Problems and challenges in AI use include the high cost
of devices with AI elements, lack of user trust in AI, long-
term research plans for AI development, ethical issues of AI
use, ease of use of AI equipment or devices by doctors, and
responsibility for medical errors due to AI use. The

solutions to these problems are associated with the legisla-
tive consolidation of principles for the development and use
of AI in medicine as well as the creation of AI products with
user-centered design and clear future development plans.
Despite all the difficulties of AI use, previous research
has shown that this is the most promising area in the
medical sector.

In the present study, we identified the main areas of
application of artificial intelligence in medical technologies,
the problems associated with its implementation, and poten-
tial ways to accelerate and expand the use of clinical AI.
This study can contribute in the various fields of medicine,
AI, user experience, and human factors. Based on the
extracted findings, AI application in the medical and health-
care area can be improved by understanding the technical,
partially legal, and ethical issues in the collaboration
between medical professionals and AI technologies.
Based on the extracted AI application focus, it can be
expanded through accounting for less involved medical
areas to increase healthcare service quality. User experience
can be improved from both sides of healthcare professionals
and patients. Doctors and other professionals in future can
have benefits of an increase in the understanding of the
functioning of new devices and a subsequent increase in
the speed of medical care and the accuracy of treatment,
as well as a decrease in workload. In turn, patients can
experience immediate improvements in the health care
and quality of life. The field of human factors can also be
further developed by improving the principles of function-
ing and using AI not only for medical purposes, but also to
alleviate the physical, emotional, and workload in various
areas, such as those associated with physical or other mon-
otonous work. Moreover, the improvement of the ethical
and legal conditions for the use of AI will help expand its
implementation in society with an understanding of the
potential risks. The findings will be useful for healthcare
professionals, AI engineers, AI developers, AI providers,
and medical and AI researchers to improve the circulation
and use of medical AI at all stages of its lifecycle.
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