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Information sources or data: A literature search was conducted in PubMed, Scopus, and

Web of Science, and 38 articles were selected based on the predefined inclusion criteria.

Selection methods for study: Data were extracted across five main domains: (1) types
of image processing algorithms, (2) clinical evaluation, (3) physician involvement in the re-
search team, and (4) technical and economic requirements of the systems.

Combine content and results: The findings of this systematic review indicated that
among the 38 included studies, the most frequently used approaches were deep learning algo-
rithms, particularly convolutional neural networks (CNNs). Other machine learning models
such as SVM and hybrid approaches were used less frequently. Regarding learning para-
digms, most studies employed EAGER algorithms, whereas only a small number reported
LAZY approaches. In addition, only 18% of the studies performed external validation, and
39% reported physician participation.

Conclusion: The results indicate that none of the included studies reported a cost analysis
or provided a comprehensive description of the technical infrastructure, representing a ma-
jor gap in the existing literature. Although image processing in telemedicine has achieved
substantial algorithmic performance improvements, limited interpretability, restricted clinical
evaluation, lack of economic assessment, and insufficient reporting of technical requirements
) 98" | remain key barriers to large-scale real-world implementation. Therefore, future research
Processing; Artificial | should focus on more comprehensive evaluations and cost—benefit analyses to support the
Intelligence. development of reliable and cost-effective telemedicine image processing systems.
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Extended Abstract
Introduction:

he rapid advancement of digital tech-

nologies has fundamentally trans-

formed healthcare delivery systems,
leading to the emergence and widespread adoption
of telemedicine as a core component of modern
healthcare services. Telemedicine enables the pro-
vision of healthcare services across geographical
and temporal barriers through the use of information
and communication technologies, thereby improv-
ing access to care, enhancing service efficiency and
reducing healthcare costs. Among the various tech-
nological pillars supporting telemedicine, medical
image processing plays a critical role in enabling
the remote acquisition, transmission, analysis, and
interpretation of medical images for diagnostic and
monitoring purposes. The applications of image
processing in telemedicine span multiple clinical
domains, including teleradiology, teledermatolo-
gy, teleophthalmology, telepathology, and remote
wound assessment.

In recent years, significant progress has been
achieved by integrating artificial intelligence (Al),
machine learning, and deep learning techniques
into medical image analysis. In particular, convolu-
tional neural networks (CNNs) have demonstrated
high performance in feature extraction, classifica-
tion, and segmentation tasks, often achieving accu-
racy levels comparable to or exceeding those of the
human experts. Despite these algorithmic advance-
ments, the translation of image-processing systems
from research environments to real-world telemed-
icine settings remains limited. Key challenges in-
clude the lack of model interpretability, insufficient
clinical validation, minimal involvement of physi-
cians in system development, limited external val-
idation using independent datasets, and inadequate
reporting of technical infrastructure and economic
feasibility of these models.

Given the growing reliance on telemedicine for
routine care and public health emergencies, there
is a critical need to systematically assess not only
the performance of image processing algorithms
but also their clinical relevance, technical require-
ments, and economic implications. This systematic
review aims to provide a comprehensive analysis of
the capabilities and challenges of image processing

in telemedicine, highlighting existing research gaps
and offering evidence-based directions for future
research.

Methods:

This systematic review was conducted in ac-
cordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA
2020) guidelines. A comprehensive literature search
was performed across three major scientific data-
bases—PubMed, Scopus, and Web of Science—to
identify relevant studies published between Janu-
ary 1, 2000, and September 2025. The search strat-
egy combined controlled vocabulary and free-text
keywords related to artificial intelligence, machine
learning, deep learning, image processing, medical
imaging, and telemedicine using appropriate Bool-
ean operators to maximize sensitivity and specific-

1ty.

Eligible studies were required to meet the follow-
ing predefined inclusion criteria: original research
articles published in English, direct relevance to
image processing applications within telemedicine,
implementation of artificial intelligence or machine
learning algorithms, and quantitative evaluation of
algorithmic performance using standard metrics
such as accuracy, sensitivity, specificity, or similar
indicators. The exclusion criteria included review
articles, conference papers, non-research publica-
tions, studies without practical implementation,
studies employing non-standard or irreproducible
methodologies, and studies lacking objective per-
formance evaluation or using extremely limited
datasets.

The screening process involved a title and ab-
stract review, followed by a full-text assessment.
Data extraction was performed using a standardized
form and included information on the clinical appli-
cation domain, type of image processing algorithm,
learning paradigm (EAGER versus LAZY), algo-
rithm transparency (black-box versus interpretable
models), physician involvement, use of external
validation datasets, technical infrastructure require-
ments, and economic considerations. Discrepan-
cies between the reviewers were resolved through
discussion and consensus. The extracted data were
analyzed descriptively to identify prevailing trends,
strengths, limitations, and research gaps in the ap-
plication of image-processing technologies in
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Results:

The initial database search yielded 765 records in
total. After removing duplicate entries and applying
the inclusion and exclusion criteria, 38 studies were
included in the final analysis. The selected studies
represented a diverse range of telemedicine appli-
cations, with most focusing on diagnostic support
in teleradiology, teledermatology, teleophthalmol-
ogy, and remote image-based screening systems.

Analysis of algorithmic approaches revealed a
strong dominance of deep learning methods, partic-
ularly convolutional neural networks, which were
employed in the majority of studies. Traditional
machine learning techniques, such as support vec-
tor machines and hybrid models, have been used
less frequently. Regarding learning paradigms,
36 studies utilized EAGER learning approaches,
whereas only two employed LAZY learning meth-
ods. Evaluation of algorithm transparency showed
that nearly all studies relied on black-box models,
with only one study implementing interpretable or
white-box models.

From a clinical perspective, physician involve-
ment was reported in only 39% of the studies, indi-
cating the limited integration of clinical expertise in
system development and evaluation. External vali-
dation using independent datasets was performed
in only 18% of studies, raising concerns about
the generalizability and robustness of the reported
performance outcomes. Technical infrastructure
requirements, including server specifications and
hardware configurations, were explicitly described
in only 26% of articles. Importantly, none of the
included studies reported a formal cost analysis or
economic evaluation related to the system imple-
mentation. These findings highlight a clear imbal-
ance between algorithmic performance optimiza-
tion and the consideration of practical, clinical, and
economic factors necessary for real-world applica-
tions.

Conclusion:

This systematic review demonstrates that im-
age processing technologies, particularly those
based on deep learning, have achieved substantial
success in telemedicine applications over the past
two decades. High-performance models, especial-

ly convolutional neural networks, have enabled the
accurate analysis of medical images across multi-
ple clinical domains, supporting remote diagnosis
and monitoring. However, the findings also reveal
critical gaps that hinder the large-scale adoption of
these technologies in routine clinical practices.

The predominant reliance on black-box models
limits their interpretability and transparency, which
are essential for clinical trust, accountability, and
patient safety. The relatively low levels of physi-
cian involvement and external validation further
challenge the clinical credibility and generalizabil-
ity of the existing systems. Additionally, the lack
of detailed reporting on technical infrastructure
and the complete absence of economic evaluations
represent significant barriers to implementation,
particularly in resource-limited settings where tele-
medicine is most required.

To bridge the gap between research and prac-
tice, future studies should adopt a multidisciplinary
approach that integrates technical innovation with
clinical expertise, transparent and interpretable
modeling techniques, robust external validation
strategies, and comprehensive assessments of tech-
nical and economic feasibility. Emphasizing cost—
benefit analyses and infrastructure requirements
alongside algorithmic performance will facilitate
informed decision-making by healthcare organiza-
tions and policymakers. Ultimately, advancing im-
age processing in telemedicine requires shifting the
research focus from performance-centric develop-
ment to holistic, clinically grounded, and econom-
ically sustainable solutions capable of delivering
reliable and equitable healthcare at scale.
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