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ABSTRACT

Background & objective: This systematic review studies the comparative effects of emerging technology-integrated
physiotherapy interventions in the treatment of varicose veins, focusing enhanced venous return, relief of symptoms
and improving functional outcomes. By synthesizing existing evidence, this review seeks to identify the potential
benefits, limitations, and clinical implications of these integrated approaches.

Methodology: The review was registered under PROSPERA CRD420251006176 and was conducted from April to May
2025. A detailed literature review was conducted through PubMed (MEDLINE), Scopus and Web of Science databases
published between March 2020 to March 2024 for experimental studies. The review fulfilled PRISMA guidelines and
included Randomized controlled Trials above score of seven on Pedro Scale. Intervention strategies based on emerging
technologies and wearable devices were included in the review. Studies published in languages other than English were
excluded. Outcome patterns were identified by conducting by qualitative analysis.

Results: Technology integrated interventions have demonstrated clinical improvements in venous severity scores, pain
relief and patient adherence. Few studies have considerable challenges such as sustainability concerns in long term
use. These emerging technology-based physiotherapy interventions offer a promising approach to improving outcomes
in patients with varicose veins.

Recommendations: Future researches should exhibit long term outcomes of these interventions on patient outcomes
and patient performance.
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INTRODUCTION swelling and aesthetic concerns which altogether
significantly affecting quality of life.! Conventional
physical therapy interventions such as compression
therapy, exercises and manual lymphatic drainage
have been few of the management techniques for non-
ulcerated varicose veins.? However, with the advancing
years and evolution of technology, innovative tools
Correspondence: and approaches have now enhanced the efficacy of
these interventions.

Some wearable devices, telerehabilitation platforms,
biofeedback systems and advanced imaging techniques

Varicose veins is a common venous disorder in adults
characterized by enlarged, twisted veins affecting a
significant proportion of the global population. Non
ulcerated varicose veins often cause discomfort, pain,
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instance, wearable compression devices with real-
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comparative efficacy of integrating such technologies
with traditional physiotherapy interventions for non-
ulcerated varicose veins remains underexplored.

This systematic review aimed to evaluate the
comparative efficacy of integrating emerging
technologies ~ with  conventional physiotherapy
interventions for the management of non-ulcerated
varicose veins. By synthesizing existing evidence,
this review seeks to identify the potential benefits,
limitations, and clinical implications of these integrated
approaches. Furthermore, it will provide insights into
how technological advancements can be harnessed
to optimize patient outcomes, improve therapeutic
adherence, and address the challenges associated
with traditional physiotherapy methods. Ultimately,
this review aims to inform clinicians, researchers, and
policymakers about the role of emerging technologies
inenhancing the management of non-ulcerated varicose
veins and guide future research in this evolving field.

METHODOLOGY

This systematic review examines the different
interventions and their effects on varicose veins.
It was conducted as per the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines, which may include randomized
controlled trials (RCTs) that compare the efficacy of
integrating emerging technologies with physiotherapy
interventions versus traditional physiotherapy alone.
Search Strategy and Data Sources: In March 2025,
a comprehensive electronic search was performed
across the databases PubMed, Scopus, Web of
Science and the Cochrane Library. Our search
focused on two key concepts: (1) physical therapy
interventions for varicose veins and (2) integration
of these into emerging technology. The search was
based on both MeSH terms and keywords to ensure a
complete coverage. The key terms searched included:
“varicosities”, “varicose veins”, “chronic venous
insufficiency”, “physiotherapy”, “exercise therapy”,
“emerging technologies”, “digital health” and “tele-
rehabilitation”. Boolean operators were also used to
refine the search.

Databases  searched:  The  main  databases
searched are ASSIA - Applied Social Sciences
Index & Abstracts, CENTRAL - Cochrane
Central Register of Controlled Trials, CINAHL -
Cumulative Index to Nursing and Allied Health
Literature, CLIB - The Cochrane Library, Embase.
com, MEDLINE, PubMed, SCI - Science Citation
Index and Scopus.

Other important or specialist databases that
were searched: Directory of Open Access Journals
(DOAJ), Europe PMC, PEDro (Physiotherapy
Evidence Database), Open Science Framework (OSF),
ResearchGate, PubMed Central (PMC).

Methods of identifying studies: Studies were identified
by contacting authors or experts, looking through all
the articles that cite the papers included in the review
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(“snowballing”), reference list checking, searching
conference proceedings, searching dissertation and
thesis databases and searching trial or study registers.
Selection process: Studies were screened independently
by two people with a process to resolve differences.
Participants and Population: The participants are
individuals diagnosed with non-ulcerated varicose
veins. This may include adults of varying ages,
genders, and severity of the condition, but specifically
excludes those with ulcerated varicose veins.
Interventions: The interventions include physiotherapy
interventions that are integrated with emerging
technologies. Emerging technologies could encompass
a range of interventions including Physiotherapy;
Biomedical Device; Telerehabilitation; Laser therapy;
Ultrasound therapy; Compression Therapy; Physical
Exercises; Manual Therapy; Intermittent Pneumatic
Compression Therapy; Pneumatic Compression
Therapy; Neuromuscular Stimulation; Biofeedback
Procedure

Comparisons: The comparison groups involve
traditional physiotherapy interventions without the
integration of emerging technologies. This could
include standard care practices such as compression
stockings, exercise programs, or manual lymphatic
drainage or no treatment.

Outcomes: The primary outcomes are likely to include
measures of comparative efficacy, such as improvement
in symptoms (e.g., pain, swelling, heaviness), quality
of life, functional outcomes, and possibly long-term
recurrence rates. Secondary outcomes might include
patient satisfaction, adherence to treatment, and cost-
effectiveness.

Research question: In individuals with varicose
veins & chronic venous insufficiency, how does the
integration of emerging technologies and trends with
physiotherapy interventions compare to traditional
physiotherapy interventions alone in terms of efficacy,
as measured by evaluation of venous reflux, volumetry
measurement, symptom improvement, quality of life,
functional outcomes.

Inclusion Criteria:

Study design: Studies that are entirely experimental,
whether randomized or non-randomized/quasi-
experimental were included.

Population: Research concentrating on people or
groups utilizing digital health interventions for their
varicose veins.

Interventions: This systematic review focuses on articles
that assess physiotherapy interventions integrated
with emerging technologies for the management of
varicose veins. The included studies explored a variety
of innovative approaches aimed at enhancing venous
return, reducing symptoms, and improving the overall
quality of life in individuals with chronic venous
insufficiency. Experimental studies with a Pedro score
of 7/10 or above were included in the review. Different
physiotherapy-based therapies and approaches were
used in the studies that were analyzed to assess the
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results of patients with varicose veins and chronic
venous insufficiency (CVI). Graduated compression
stockings (GCS), complex decongestive therapy (CDT),
intermittent pneumatic compression (IPC), passive
ankle movement devices, neuromuscular electrical
stimulation (NMES), aquatic therapy (including

thermal  water-based  therapy), nonpneumatic
compression  devices, adjunctive cryotherapy,
and customized graduated elastic compression

stockings were among these interventions. Duplex
ultrasonography, limb volume and circumference
measurements, venous clinical severity scores (VCSS),
pain scales, oxygen saturation levels, quality-of-life
questionnaires, Doppler studies, and patient-reported
outcome measures were among the various assessment
methods employed in these studies.

The main objective of the evaluated therapies was
to improve venous flow dynamics (using compression
devices and stockings), decrease edema and pain
(using IPC, CDT, and cryotherapy), and increase
venous return by muscle pump activation (e.g., passive
ankle motions and NMES). Advanced compression
technologies, including compression stockings and
nonpneumatic compression devices, aimed to improve
comfort, compliance, and treatment efficacy, while
other therapies, focused on increasing joint mobility
and functional capability. When taken as a whole,
these therapies improved clinical outcomes and quality
of life by offering conservative, non-invasive options
that were customized for each patient.

In terms of improved venous hemodynamics,
decreased edema, improved functional outcomes,
and symptom reduction, the therapies generally
showed significant results. The interactive and
accessible character of the technologies has also
been linked to higher levels of patient satisfaction
and accessibility, according to several studies. Some
articles did, however, draw attention to issues with
cost-effectiveness, long-term user compliance, and
the requirement for additional extensive testing to
prove long-term usefulness. The review included peer-
reviewed research papers sourced from databases such
as PubMed (MEDLINE), Scopus, and Web of Science,
with full texts published between January 1, 2018, and
March 31, 2025.

Exclusion Criteria:

Research Studies: Studies without original data and
non-experimental studies were excluded i.e. editorials,
short communications, qualitative studies, case-control
studies.

Irrelevant population: Studies which were conducted
on patients with conditions other than varicose veins
or had any other comorbidities.

Language and Date Restrictions: Articles not published
in English or those outside the predefined date range
for the review.

Availability of Full Protocol: A full protocol has been
written and uploaded to PROSPERO. The protocol will
be made available after the review is completed.
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Study risk of bias/Quality assessment: Risk of bias
was assessed using: Cochrane RoB-2, Newcastle-
Ottawa and ROBINS-I. Data was assessed
independently by at two co-authors. Additional
information was sought from study investigators if
required information was unclear or unavailable in the
study publications/reports.

Reporting bias assessment: Risk of bias due to missing
results was not assessed.

Certainty assessment: This was done using the
GRADE (Grading of Recommendations, Assessment,
Development, and Evaluations) approach. The GRADE
framework evaluates the certainty of evidence for each
outcome based on several factors, including study
design, risk of bias, consistency, directness, precision,
and publication bias.

Outcomes analyzed:

Main outcomes: Primary Outcomes: Symptom
improvement, quality of life, functional outcomes,
recurrence rates. Secondary Outcomes: Patient
satisfaction, adherence to treatment, cost-effectiveness,
adverse events.

RESULTS

A total of 10 studies were included in this systematic
review, evaluating emerging physiotherapeutic and
technological interventions for varicose veins and
chronic venous insufficiency (CVI).

Complex Decongestive Therapy (CDT): One RCT
(Jiménez et al, 2025) reported that CDT, which
includes manual lymphatic drainage, intermittent
pneumatic pressotherapy, and bilayer bandaging,
improved symptoms, venous flow, BMI, and quality
of life, particularly in the physical domain. Limitations
included small sample size and lack of objective edema
measurement.

Compression Devices: Two studies investigated
compression-based interventions. Another study
(2024) showed that customized graduated compression
stockings improved patient adherence, pressure
stability, and quality of life compared with standard
stockings. Barfield et al. (2025) demonstrated that
nonpneumatic compression devices reduced limb
volume, enhanced adherence, and improved quality
of life more effectively than advanced pneumatic
compression devices.

Aquatic/Thermal Therapy: Two studies (Sharifi et
al.,, 2021; Menegatti et al., 2021) found that aquatic
therapy, including thermal water exercise, improved
venous symptoms, reduced edema, enhanced -calf
muscle pump function, and improved quality of life.
Improvements persisted up to 24 months, though
studies were limited by small sample size and short-
term follow-up for some outcomes.

Intermittent Pneumatic Compression (IPC): Mohamed
et al. (2020) reported that IPC significantly reduced
ankle girth, improved venous flow, and alleviated pain
compared with medical treatment alone.

Cryotherapy: One study (Kelechi et al., 2018) found
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that cryotherapy provided no additional benefit over
standard compression and leg elevation for pain
reduction or self-efficacy.

Summary: Overall, CDT, customized compression
devices, nonpneumatic compression devices, and
aquatic/thermal therapy were consistently associated
with improved quality of life, reduced pain, and better
functional outcomes in patients with varicose veins or
CVI. Evidence for cryotherapy was limited, and it did
not offer significant additional benefits over standard
physiotherapy. Interventions were generally safe and
non-invasive, though sample sizes and follow-up
duration varied across studies.

DISCUSSION

The findings of this systematic review align with
and expand upon prior research on physiotherapy
interventions for varicose veins and chronic venous
insufficiency. While earlier studies like those by Patel et
al."* established the efficacy of conventional approaches
such as neuromuscular electrical stimulation (NMES)
and compression therapy, this review demonstrates how
emerging technologies like robotic-assisted devices, Al-
enhanced NMES, and advanced compression systems
offer additional benefits in venous return enhancement
and symptom management.

The review corroborates Santler et al. and Goerge et
al.”” emphasis on compression therapy as foundational,
with recent evidence from Kakkos et al. (2018)¢ and
Barfield et al.® (2025) supporting both traditional
graduated stockings and innovative nonpneumatic
alternatives. However, it diverges from older literature
by highlighting the superior outcomes of aquatic
therapy (Sharifi et al., 2021; Menegatti et al, 2021)'*"
and the limitations of cryotherapy (Kelechi et al,
2018)," suggesting a need for more selective modality
application.

The findings of this review align with prior studies
demonstrating the effectiveness of laser-based
interventions for varicose veins. For instance, Liu et
al. evaluated endovenous laser treatment (EVLT) in a
clinical setting and concluded that EVLT is both safe
and effective for reducing symptoms and recurrence
in varicose vein patients. Although EVLT is a surgical
intervention, its minimally invasive nature and
incorporation of laser technology represent a key
example of how emerging technologies are being
adopted within modern vascular surgical practice,
supporting the broader theme of this review.'

Notably, the integration of Al-driven personalization
and wearable monitoring systems (Sinthia et al,
2024)° represents a significant advancement over
conventional methods, addressing long-standing
adherence challenges identified in studies like."”"¥While
confirming the value of established interventions, the
review underscores how technological innovations are
reshaping treatment paradigms, though it also cautions
that some newer approaches like cryotherapy may not
outperform traditional care.
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Future research should focus on large-scale
validation of these technologies and development of
standardized protocols to fully realize their potential
in clinical practice, as suggested by longitudinal
studies like Wnuk et al.* (2024) on passive movement
therapies. This synthesis of evidence ultimately points
toward an evolving model of care that strategically
combines proven physiotherapy techniques with
targeted technological enhancements for optimal
patient outcomes.

CONCLUSION

This systematic review highlights the Promising yet
evolving role of emerging technologies in enhancing
physiotherapy-based management of varicose veins.
However, the heterogeneity of existing studies,
differences in patient demographics, and inconsistent
intervention protocols underscore the necessity for
more rigorous, standardized comparative trials to
establish definitive treatment hierarchies Future
research should prioritize high-quality randomized
controlled trials with long-term follow-ups to validate
the efficacy, safety, and cost-effectiveness of these
emerging technologies, ensuring evidence-based
integration into clinical practice. Until then, a tailored,
patient-centered approach combining traditional
physiotherapy with judicious wuse of advanced
technologies remains the most pragmatic strategy for
optimizing varicose vein management.
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