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Abstract
Varicose veins are a widespread medical condition requiring effective management, with

compression therapy being the cornerstone of conservative treatment. The efficacy of this
therapy is directly dependent on the physical and mechanical properties of the compression
garments used. This paper aims to systematically identify and analyze the benefits of various
compression therapy products by reviewing existing literature and evaluating key performance
indicators such as compression class, material composition, elasticity, and durability. A
systematic analysis of recent international scientific literature (15-20 sources) was conducted.
The properties of knitted fabrics, including cyclic tensile behavior, elastic and permanent
deformation, were evaluated based on published experimental data. The analysis confirmed
that compression products are categorized into four classes based on pressure exerted (10-14
mmHg to >49 mmHg). Polyamide fabrics with high linear density offer superior mechanical
behavior but lower elasticity. Elastic bandages are classified by elongation (short, medium,
high), which determines their therapeutic compression range and the difference between
working and resting pressure. Medical compression garments are a highly effective, non-
invasive treatment for varicose veins. Their benefits are maximized when the product's
compression class, material properties (e.g., high cotton content for skin comfort, elastane for
elasticity), and design are carefully selected to match the patient's specific pathology and
biomechanical needs. Future development should focus on smart textiles and enhanced comfort
for long-term wear.

Keywords: Compression therapy, varicose veins, knitted medical textiles, elastic bandages,
compression classes, biomechanics, material properties.

Introduction
Varicose veins, a manifestation of chronic venous insufficiency (CVI), affect a significant
portion of the global population, leading to symptoms such as pain, heaviness, edema, and
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potential complications like ulcerations [1]. Compression therapy remains the gold standard
for non-invasive treatment and prevention of CVI progression. This therapy operates on a
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fundamental mechanical principle: applying controlled external pressure to the limbs, which
enhances venous return, reduces venous diameter, and improves the efficiency of the calf
muscle pump and lymphatic drainage [2, 3].

The core tools of this therapy are medical compression garments, predominantly made from
specialized knitted fabrics. These products range from elastic bandages to sophisticated
graduated compression stockings. Their therapeutic efficacy is not inherent but is meticulously
engineered through specific material choices, manufacturing processes, and design parameters.
Key requirements for these products include precise dimensional compliance, sustained
compression properties over time, biocompatibility, durability through washing cycles, and
patient comfort to ensure adherence to treatment [4].

Despite their widespread use, a comprehensive analysis of how the intrinsic properties of these
textiles (yarn type, linear density, elastane content, knitting structure) translate into clinical
benefits is crucial for both manufacturers and healthcare providers. Selecting an inappropriate
compression level or product type can lead to treatment ineffectiveness or even patient harm
[5].

The market for compression therapy products is expanding, driven by an aging population and
increased prevalence of venous diseases. A systematic review of the scientific principles behind
these products is essential to guide optimal selection, improve patient outcomes, and inform
future innovations in medical textiles.

The development and evaluation of compression therapy products are well-documented in
international research. Studies emphasize the critical role of interface pressure, with
standardized classes (I-IV) established to guide clinical application [6, 7]. Research by Partsch
et al. has been instrumental in defining these pressure ranges and their indications [8]. The
biomechanical interaction between the garment and the human body is a key focus, with
research indicating that the stiffness of the material (its change in pressure per unit of stretch)
is as important as the absolute pressure level in promoting hemodynamic improvement [9, 10].
The choice of raw materials significantly impacts performance. While synthetic fibers like
polyamide and polyester provide strength and durability, the incorporation of natural fibers like
cotton is crucial for moisture management and reducing skin irritation [11, 12]. The percentage
of elastane (e.g., Lycra) is a primary determinant of the fabric's elasticity and recovery
properties [13]. Furthermore, manufacturing techniques, particularly seamless knitting
technology, have advanced to produce garments with graduated compression and superior
comfort, minimizing seams that can cause pressure points and discomfort [14, 15].

Recent investigations into the cyclic tensile behavior of knitted fabrics have provided valuable
insights into their long-term performance, measuring critical parameters like elastic
deformation (recovery) and permanent deformation (loss of compression over time) [16, 17].
This paper synthesizes these findings to provide a clear framework for identifying the benefits
of various varicose vein treatment products based on empirical evidence and established
clinical requirements.
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METHODS
Evaluation of Product Properties. The analysis focused on categorizing and evaluating
compression products based on the following parameters:

i

Compression Class. Products were classified according to the standard pressure ranges (Class
I-1V) as defined by international guidelines [6, 7].

Material Composition. The influence of yarn type (polyamide, cotton, elastane), linear density,
and cross-sectional shape on mechanical properties was analyzed based on findings from
experimental studies [1, 16].

Elastic Properties. The elongation characteristics of bandages (short, medium, high) and their
impact on working and resting pressures were assessed [2, 3].

Performance Criteria. Key requirements such as durability, shrinkage control after washing,
maintenance of geometric shape, and biocompatibility were extracted from the literature and
synthesized into a coherent framework [4, 11].

Data Synthesis. The extracted data on material properties and performance criteria were
synthesized to establish clear correlations between the engineering parameters of the textiles
and their resulting clinical benefits. This synthesis forms the basis for the results and discussion
sections.

RESULTS AND DISCUSSION

The analysis of literature and product data yielded structured results on the classification and
properties of compression therapy products.

Compression Classification. Compression garments are systematically divided into classes
based on the pressure exerted at the ankle (see Table 1). This classification is fundamental for
prescribing the correct treatment intensity based on disease severity.

Table 1 Classification of Compression Garments

Pressure at the Ankle | Pressure at the Ankle L. L.
Class Clinical Indication
(mmHg) (gPa)
A 10-14 13-19 Mild prevention, fatigue
I 15-21 24 - 28 Mild varicosities, light edema
11 23-32 31-43 Moderate CVI, post-sclerotherapy
111 34-46 45 - 61 Severe CVI, ulcer treatment
v > 49 > 65 Lympl.latlc.: edema, severe
complications

Material and Mechanical Properties: Experimental studies show that the physical properties
of knitted fabrics are paramount:

Fabrics produced from polyamide with a high linear density and trilobal cross-section
demonstrated high strength and good mechanical behavior but exhibited the lowest elasticity
among tested samples [1].
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For yarns of the same linear density, the cross-sectional shape did not show a significant impact
on mechanical properties or elasticity.
The elastic properties are directly governed by the type of yarn and the percentage of elastane

.-:
L
@)
—
go!
)
(7p]
(D)
oc
e
(-
©
A=
!
O
B2
O
=
-
=
Y
O
s
-
(.
=
O
S
0
—
A
O
-
@)
0p
©
-
(©
7))
=
2
=
-
Q@
@)
0p
(T
@)
O
=

incorporated during production.

Bandage Elongation Classes: Elastic bandages are categorized by their extensibility, which
defines their clinical application and pressure dynamics:

Short Stretch: Elongation < 70%. Provides high working pressure during muscle contraction
and low resting pressure, making them ideal for active patients with good mobility (e.g., for
ulcer treatment) [9].

Medium Stretch: Elongation < 140%. Offers a balance between working and resting pressure.
Long Stretch: Elongation > 140%. Provides consistent pressure but a smaller difference
between working and resting pressure, often used for immobilization and support.

The analysis confirms that optimal compression products must fulfill a set of critical
requirements: use of hygienic, skin-friendly materials (often >50% cotton); application of
graduated compression (higher pressure distally, lower proximally); durability to maintain
compression over time; and availability in various sizes and types (knee-highs, thigh-highs,
tights) to ensure proper fit and patient compliance.

The results underscore that the benefits of compression therapy products are not monolithic but
are precisely engineered through specific design and material choices. The primary benefit is
the application of graduated external pressure, which counteracts venous hypertension, the
underlying pathophysiology of CVI [8, 10].

The classification system (Table 1) is a critical tool for clinicians, ensuring that the compressive
force matches the pathological state. Prescribing a Class I stocking for severe ulceration would
be ineffective, while a Class IV garment for mild prevention could be dangerous, impairing
arterial flow.

The findings on material properties [1, 16] have significant practical implications. While strong
polyamide fibers ensure product longevity and maintain geometric shape, a balance must be
struck with sufficient elasticity for patient comfort and effective application. The inclusion of
cotton is a key benefit for skin health, reducing the risk of dermatitis and allergies, which is
crucial for long-term adherence to therapy [11, 12]. The elongation characteristic of bandages
dictates their therapeutic action. Short-stretch bandages are highly beneficial for activating the
calf muscle pump due to their high working-to-resting pressure ratio, whereas long-stretch
bandages are easier to apply uniformly and are better for maintaining constant pressure [9].
The requirement for products to maintain their properties after multiple washes is a major
benefit often overlooked. Compression therapy is a long-term management strategy, and a
garment that loses its compression after a few washes becomes clinically useless and
economically burdensome for the patient [4].

This study is based on a literature review; future primary research involving direct testing of
different fabrics under controlled conditions would strengthen these findings. The future of
compression therapy lies in smart textiles—garments with integrated sensors to monitor
pressure in real-time or materials with phase-change properties for enhanced thermal comfort
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[18]. Further studies are also needed to directly link specific material parameters to clinical
outcomes in larger patient cohorts.

i

CONCLUSION

Compression therapy products offer a highly effective, non-invasive, and cost-effective method
for managing varicose veins and chronic venous insufficiency. Their benefits are directly
derived from their engineered properties:

Targeted Efficacy: The standardized compression classes allow for precise targeting of therapy
based on the severity of the patient's condition.

Biomechanical Support: The materials and design provide necessary biomechanical support to
the venous system, enhancing blood flow and reducing symptoms.

Patient-Centered Design: The use of natural fibers ensures comfort and skin health, while
varied sizes and types (socks, stockings, bandages) cater to individual needs and preferences,
promoting treatment adherence.

Durability: High-quality products maintain their geometric shape and compression properties
over long-term use and after repeated washing, ensuring sustained therapeutic effect and value.
The optimal benefit is achieved through a careful selection process that considers the patient's
pathology, lifestyle, and the specific technical properties of the compression product.
Continuous innovation in material science and knitting technology will further enhance the
efficacy, comfort, and accessibility of these essential medical devices.
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