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Abstract

Objectives: The study aimed to assess the effectiveness, physical functioning and comfort
of decongestive adjustable compression wraps (ACW, Circaid® reduction kit), the essential
ACW (Circaid® juxtafit™ essentials) and MLB (Multi-layer bandaging) among patients
with breast cancer-related lymphedema (BCRL), divided into a moderate (MG, n = 28)
and severe group (SG, n = 27), based on BCRL severity. Methods: The treatment lasted
10 days and was carried out over a two-week period. In the first week, all patients were
treated by experienced physiotherapists. In the second week, the protocol was continued
at home. Measurements, including limb volumes, physical functioning and disease-related
symptoms, were performed prior to the intervention (at baseline), as well as following one
and two weeks of treatment. Compression comfort was assessed in the groups after one
and two weeks. Results: In both groups, a significant reduction in affected limb volume
was found after one week (p < 0.001). The pressure under the decongestive ACW device
was significantly lower (p < 0.001) in comparison to the essential ACW and MLB. The
affected limb joint mobility in the decongestive ACW group was significantly higher after
the second week in the SG (p = 0.023). Although minor complications of compression were
observed less frequently with MLB than with ACWs, compression comfort was comparable
between the groups. Conclusions: Both ACWs may represent feasible alternatives to
multi-layer bandaging during the intensive phase of complex decongestive therapy in
selected patients.

Keywords: breast cancer; lymphedema; compression therapy; multi-layer bandaging;
adjustable compression wraps

1. Introduction
Breast cancer-related lymphedema (BCRL) is a progressive condition that affects upper

limb function and can cause detrimental effects on the quality of life of an individual [1].
There are several stages of clinical development according to the International Society of
Lymphology (ISL), ranging from subclinical stasis (stage 0) to severe lymphedema (LE)
with a tendency towards complications and limb deformity (stage 3) [2]. Within each
stage, functional severity assessment uses percentage of excess volume (PEV) to categorise
severity as minimal (5–20% PEV), moderate (20–40%), or severe (>40% increase) [2].
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Pathological changes in the arm during the development of LE reduce lymph flow
and alter the morphology of lymphatic vessels, even during the latent or subclinical stages,
when obvious oedema is absent. Over time, collecting lymphatic vessels exhibit increased
inflammation and abnormal smooth muscle cell coverage, leading to a thickened vessel
wall. Dilation also occurs, resulting in arm LE and fibrosis [3]. Moderate to severe stages of
BCRL consist of skin structure changes. The continuous expansion of fibrotic tissue and fat
deposition affects the thickness of the skin and subcutaneous tissue, leading to hardening
of the skin [1].

Identifying the most effective treatment options for every stage of lymphedema is
crucial. Treatment should not only be aimed at reducing the extent of lymphedema and
disease-related symptoms, but also at preventing complications that decrease physical
functioning [4]. Compression therapy (CT), widely recommended by the ISL using both
inelastic multi-layer bandaging (MLB) and compression garments (CG), still remains the
most efficient component of complex decongestive therapy (CDT) at every stage of LE
clinical advancement [2].

For patients with the initial signs of BCRL and mild LE, general measures such as
compression garment use (a component of compression therapy) and functional exercise
in compression, maintaining proper body weight, and skin care are the first line of treat-
ment [5]. Early treatment, before the development of fat accumulation and fibrosis, should
be a primary goal in the treatment of BCRL. Research indicates that the use of compres-
sion at the initial stage of the disease may prevent progression of lymphedema and its
complications [5].

Therapeutic management, especially for the elderly in advanced and chronic cases of
LE, is typically more difficult and challenging. Rehabilitation strategies should not only be
aimed at reducing the extent of LE, but also at improving or preserving arm functionality
to enhance quality of life (QoL) in BCRL survivors [6]. The relationship between BCRL
severity and functional decline underscores the need for carefully prescribed physical exer-
cise with appropriate compression devices to prevent symptom exacerbation [7]. MLB has
been shown as highly effective in reducing limb volume at the initial phase of CDT [8–11].
However, this method may be less suitable for long-term therapeutic use in older and severe
LE populations due to its complexity and limited practicality in routine self-management.
Adjustable compression wraps (ACWs) have been proposed as an alternative to the com-
monly used MLB and have proven to be effective and well-tolerated mainly in vascular
disorders of the lower limbs [12–17]. These results cannot be directly extrapolated to other
locations, especially the upper limb in BCRL.

Only a limited number of studies have been carried out on the effect of ACWs in BCRL
survivors, and different types of ACW devices with MLBs were compared in them [18–20].
There is a lack of research establishing which type of inelastic ACW device is the most
effective and functional in older patients and those with more advanced BCRL.

The objective of the present study was to assess the effectiveness in limb volume reduc-
tion, physical functioning and comfort of three inelastic compression types: decongestive
ACW (Circaid® reduction kit), the essential ACW (Circaid® juxtafit™ essentials) and MLB
in the moderate and severe stages of BCRL according to the ISL during the intensive phase
of therapy.

2. Materials and Methods
In the period between January 2025 and March 2026, 55 women following breast cancer

treatment, who fulfilled the inclusion criteria (LE, ≥20% PEV, positive pitting skin sign,
with no signs of active cancer, venous thrombosis or previous compression), were admitted
to the Lymphedema Clinic. Based on lymphedema severity, they were non-randomly
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assigned to the moderate group (MG, stage II, 20–40% PEV, n = 28) or the severe group
(SG, stage III, ≥40% PEV, n = 27). The first patient was enrolled in July 2025 (i.e., after
registration). Within each of the two severity strata, patients were allocated to one of three
parallel treatment subgroups based on chronological sequence: (1) decongestive ACW
(decongestive ACW-MG, n = 10 vs. decongestive ACW-SG, n = 9), (2) essential ACW
(essential ACW-MG, n = 9 vs. essential ACW-SG, n = 9), (3) MLB (MLB-MG, n = 9 vs.
MLB–SG, n = 9). Once assigned, the treatment was delivered concurrently across six total
subgroups (3 compression modalities × 2 severity groups).

Both types—decongestive ACWs (Circaid® reduction kit, Medi-Bayreuth, Germany)
and essential ACWs (Circaid® juxtafit™ essentials, Medi-Bayreuth, Germany)—were fitted
based on individual limb measurements. Both systems are interlacing (a technique in which
layers of the wrap are applied in opposing directions, creating a criss-cross pattern). They
are characterised by an inelastic material with high wall stability for high working pressure
and demonstrate readjustability of the individual bands. This limits pressure loss and
thus sliding down of the garment. The main difference between the two types of wraps
is that decongestive ACWs (circaid reduction) offer an additional option of trimming the
material which reduces the size of the garment as the limb volume decreases. Both ACW
devices have a controlled system for putting on and checking the applied compression
force (colour scale cards, Figure 1) that allows patients to achieve the appropriate pressure
above 23 mmHg. The third type of compression, MLB, comprises four 8, 10 and 12 cm
wide layers, and is made of a short-stretch material (Rosidal K, Lohmann and Rauscher,
Germany), with cotton tubes and foam padding underneath.

Figure 1. Colour scale cards for self-monitoring the applied compression force under essential ACW
and decongestive ACW devices.

The treatment schedule for all groups lasted 10 days (two weeks, from Monday
to Friday). In the first week, the patients were treated every day by two experienced
physiotherapists. Prior to the consecutive therapeutic session, the compression products
were removed for several minutes in order to refresh and moisturise the skin. Apart from
the various types of compression, all patients underwent a unified exercise programme,
including aerobic exercises of the upper limbs combined with deep breathing for 15 min
during each session. The compression material in the decongestive ACWs was individually
trimmed at the end of the first week of therapy. During the first week, all patients and their
caregivers were also provided with comprehensive education on applying the compression
devices and exercise in compression. The physiotherapist first demonstrated to patients
how to apply ACWs or MLBs, and then observed and supervised each of them during
application. In the second week, the use of ACWs and MLBs was continued by the patients
themselves at home. Caregivers were actively involved in assisting with the application
of the compression devices or bandaging. Patients were asked to maintain the adjustable
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compression wraps or multi-layer bandaging for 24 h, even during the weekend (Saturday
and Sunday), and to continue the learned exercise programme. Interface pressure was
measured under compression via the Kikuhime device (Kikgel, Ujazd, Poland) on the
dorsal part of the forearm on the first day of therapy to ensure a comparable pressure value
in the compression systems (Figure 2). To ensure safety and good treatment tolerability,
the applied compression force (via the Kikushime device or a colour card) was checked
daily by a physiotherapist for all patients during the first week. Monitoring the applied
compression force (via colour scale cards) by the patients and their caregivers to obtain
similar interface pressure under the ACW device was recommended during the second
week of self-management. For self-multilayer bandaging, patients were advised to use
the same number of bandages and apply similar tension to achieve identical sub-bandage
pressure as when bandaged by a physiotherapist in the clinic.

Figure 2. Measurement of interface pressure under ACW device.

Measurements in all subjects, including limb volumes, physical functioning and
disease-related symptoms, were performed prior to the intervention, as well as after one
and two weeks of treatment. Calculation of limb volumes (based on circumferential
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measurements every 4 cm) was carried out using a simplified frustum (summed truncated
cone) formula.

To quantify lymphedema, which functions independently of the opposite arm and
accounts for fluctuations in patient weight, we additionally used the WAC formula (weight-
adjusted volume change calculated as: WAC = (A2BMI1/BMI2A1) − 1, where A1 and A2

are arm volumes of the treated arm at baseline and after two weeks, and BMI1 and BMI2

are Body Mass Indexes at the corresponding time points) [21].
A 5% reduction in limb or oedema volumes was recognised as clinically meaning-

ful for BCRL [22]. Sample size calculations were performed based on a previous study
evaluating two groups of patients using two specific compression methods (adjustable
compression wraps and multi-layer bandaging) [18]. A total of 18 individuals in each
intervention group in that study were required to achieve a power of 80%. The treatment
comparisons within severity strata in this study are exploratory and underpowered for
definitive comparative conclusions.

Patients assessed different compression garments according to the International Com-
pression Club Compression Questionnaire (ICC-CQ)–Patient version [23]. This is the first
reliable and validated tool for evaluating different types of compression materials or devices
in the upper or lower parts of the body. It consists of:

(1) LE-related symptoms: pain, loss of muscle strength, heaviness, swelling, tight skin,
tingling, and fluid leakage (measured on an 11-point Number Rating Scale—NRS);

(2) Garment application and removal difficulties: easy donning, easy doffing (11-point
Likert-type NRS scale—from ‘not able at all’ to ‘completely able’);

(3) Comfort in compression: feeling immediately after donning, feeling during daytime,
feeling at night, the ability to put clothes over the compression garments, and the
appearance of the garment (measured on an 11-point Likert-type scale);

(4) Complications of compression: skin irritation, tender spots, skin damage, itching,
warmth, throbbing, cramps, cutting in, slippage, local swelling, bulky feeling, too
tight feeling (11-point Likert-type scale—from ‘not at all’ to ‘a lot’);

(5) Physical functioning in relation to compression: able to move wrist, elbow, shoulder,
use a spoon, carry out job, complete household chores, practice sports, carry out
leisure activities, and social activities (11-point Likert-type scale—from ‘not able at all’
to ‘completely able’).

We used the Polish translation of the ICC-CQ, summing up the numerical results of
the responses for the analysis.

In this study, we followed Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) recommendations.

In our study, the primary outcome determines evidence for efficacy of three types
of compression used in the treatment. This includes measures such as: affected limb
volume, excess volume reduction, joint mobility, and WAC. Secondary outcomes provide
supporting evidence of meaningful clinical benefits and safety of the treatment and include:
whole physical functioning, lymphedema-related symptoms, compression comfort, and
complications. No single endpoint was designated as the sole main efficacy outcome prior
to the analysis.

Statistical Analysis

The comparison of quantitative variables in three or more groups was performed
using the Kruskal–Wallis test, followed by Dunn’s post hoc test if statistically significant
differences were detected. For repeated measurements, quantitative variables were com-
pared using the Wilcoxon signed-rank test. The comparison of quantitative variables in
three or more repeated measurements was carried out using the Friedman test. When
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this test revealed significant differences, post hoc analysis was conducted using pairwise
Wilcoxon signed-rank tests with a Bonferroni correction. Appropriate effect size measures
were reported: r for the Wilcoxon signed-rank test, η2 for the Kruskal–Wallis test and
W for Friedman test. A p-value of < 0.05 was chosen as the level of statistical signifi-
cance. All analyses were performed using R (version 4.4.3): A Language and Environment
for Statistical Computing (R Foundation for Statistical Computing, Vienna, Austria) [24].
ClinicalTrials.gov Identifier: NCT 07109674.

3. Results
Baseline characteristics—BMI, type of surgery, time since surgery, additional oncother-

apeutic modalities, limb and excess volumes—were comparable among women across the
three subgroups within the moderate group (MG). Women from the three subgroups within
the severe group (SG) were also comparable, except for age and BMI. Specifically, women
in the decongestive ACW and MLB subgroups were older than those from the essential
ACW subgroup (p = 0.011). Additionally, the BMI in the essential subgroup was higher
than that in the decongestive ACW subgroup (p = 0.005) (Table 1a,b).

Table 1. (a) Patient characteristics in three subgroups of moderate group (MG) before treatment.
(b) Patient characteristics in three subgroups of severe group (SG) before treatment.

(a)

Parameter
Decongestive

ACW-MG
N = 10

Essential
ACW-MG

N = 9

MLB-MG
N = 9 p

Age [years]

Mean (SD) 71.2 (8.2) 65 (9.03) 69.88 (8.24)

p = 0.379
Median

(quartile) 69 (66.25–76) 64 (62–72) 71 (65.75–74.75)

Range 62–88 48–76 56–81
n 10 9 8

BMI [kg/m2]

Mean (SD) 33.48 (7.83) 32.77 (6.44) 27.54 (7.26)

p = 0.199
Median

(quartile) 30.75 (28.27–39.68) 31.6 (29.1–36.7) 24 (23.4–31.2)

Range 21.3–45.6 23.8–43.2 20–43.3
n 10 9 9

Dominant limb
affected

Yes 7 (70.00%) 4 (44.44%) 5 (55.56%) p = 0.569
No 3 (30.00%) 5 (55.56%) 4 (44.44%)

Months since
surgery

Mean (SD) 115.6 (81.66) 69.11 (83.62) 66.67 (51.56)

p = 0.281
Median

(quartile) 119.5 (37.25–191.5) 38 (18–87) 31 (29–121)

Range 12–224 6–267 5–129
n 10 9 9

Type of surgery BCT 4 (40.00%) 4 (44.44%) 1 (11.11%) p = 0.351
M 6 (60.00%) 5 (55.56%) 8 (88.89%)

Axillary node
dissection

No 0 (0.00%) 0 (0.00%) 0 (0.00%) p = 1
Yes 10 (100.00%) 9 (100.00%) 9 (100.00%)

Chemotherapy No 2 (20.00%) 0 (0.00%) 4 (44.44%) p = 0.08
Yes 8 (80.00%) 9 (100.00%) 5 (55.56%)

Axillary irradiation No 1 (10.00%) 1 (11.11%) 3 (33.33%) p = 0.473
Yes 9 (90.00%) 8 (88.89%) 6 (66.67%)

Breast irradiation
No 1 (10.00%) 1 (11.11%) 3 (33.33%) p = 0.473
Yes 9 (90.00%) 8 (88.89%) 6 (66.67%)
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Table 1. Cont.

(a)

Parameter
Decongestive

ACW-MG
N = 10

Essential
ACW-MG

N = 9

MLB-MG
N = 9 p

Hormonotherapy No 3 (30.00%) 2 (22.22%) 3 (33.33%) p = 1
Yes 7 (70.00%) 7 (77.78%) 6 (66.67%)

Immunotherapy No 10 (100.00%) 8 (88.89%) 9 (100.00%) p = 0.643
Yes 0 (0.00%) 1 (11.11%) 0 (0.00%)

Affected limb
volume [mL]

Mean (SD) 3235.18 (1036.69) 3556.84 (875.28) 3260.51 (1061.42)

p = 0.541
Median

(quartile)
3075.7

(2560.15–3597.6)
3483.8

(3024.3–3583)
2893.7

(2747.9–3433.2)
Range 2040.7–5437.1 2582.2–4972.7 2340.7–5912.9

n 10 9 9

Opposite limb
volume [mL]

Mean (SD) 2538.7 (780.58) 2874.18 (728.06) 2613.78 (960.04)

p = 0.504
Median

(quartile)
2427.45

(2066.38–2847.1)
2858

(2430.8–3247.3)
2232.3

(2196.6–2788.1)
Range 1542–4100.1 2003.4–4081.3 1765.7–4998

n 10 9 9

Excess volume [%]

Mean (SD) 27.24 (3.23) 24.29 (7.42) 26.01 (4.81)

p = 0.629
Median

(quartile) 26.8 (25.25–28.3) 25.37
(20.71–28.89)

24.97
(23.14–30.74)

Range 22.5–32.6 9.68–33.24 18.31–32.56
n 10 9 9

(b)

Parameter
Decongestive

ACW-SG
N = 9

Essential
ACW-SG

N = 9

MLB-SG
N = 9 p

Age [years]

Mean (SD) 76.89 (13.82) 59.67 (9.04) 70.89 (11.76)
p = 0.011
dec. MLB

> ess

Median
(quartile) 72 (69–88) 60 (57–67) 72 (63–77)

Range 53–96 45–69 50–90
n 9 9 9

BMI [kg/m2]

Mean (SD) 25.76 (3.89) 33.04 (5.19) 28.97 (2.96)

p = 0.005
ess. > dec

Median
(quartile) 25.6 (22.2–28.3) 30.4 (29.6–34.8) 28.3 (28.1–29.6)

Range 20.3–32 28.8–44.8 24–34.2
n 9 9 9

Dominant limb
affected

Yes 5 (55.56%) 6 (66.67%) 5 (55.56%) p = 1
No 4 (44.44%) 3 (33.33%) 4 (44.44%)

Months since
surgery

Mean (SD) 217.22 (162.29) 110.57 (125.02) 120.62 (171.85)

p = 0.239
Median

(quartile) 189 (103–318) 63 (39.5–131) 19 (11.5–190.75)

Range 7–516 9–361 6–480
n 9 7 8

Type of surgery BCT 0 (0.00%) 3 (33.33%) 2 (22.22%) p = 0.314
M 9 (100.00%) 6 (66.67%) 7 (77.78%)

Axillary node
dissection

No 0 (0.00%) 0 (0.00%) 0 (0.00%) p = 1
Yes 9 (100.00%) 9 (100.00%) 9 (100.00%)
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Table 1. Cont.

(b)

Parameter
Decongestive

ACW-SG
N = 9

Essential
ACW-SG

N = 9

MLB-SG
N = 9 p

Chemotherapy No 3 (33.33%) 0 (0.00%) 1 (11.11%) p = 0.28
Yes 6 (66.67%) 9 (100.00%) 8 (88.89%)

Axillary irradiation No 2 (22.22%) 1 (11.11%) 1 (11.11%) p = 1
Yes 7 (77.78%) 8 (88.89%) 8 (88.89%)

Breast irradiation
No 2 (22.22%) 1 (11.11%) 1 (11.11%) p = 1
Yes 7 (77.78%) 8 (88.89%) 8 (88.89%)

Hormonotherapy No 3 (33.33%) 1 (11.11%) 3 (33.33%) p = 0.632
Yes 6 (66.67%) 8 (88.89%) 6 (66.67%)

Immunotherapy No 9 (100.00%) 6 (66.67%) 8 (88.89%) p = 0.28
Yes 0 (0.00%) 3 (33.33%) 1 (11.11%)

Affected limb
volume [ml]

Mean (SD) 3010.71 (664.83) 3885.69 (907.56) 3317.26 (521.31)

p = 0.11
Median

(quartile) 2942.5 (2403–3564) 3827.7
(3257.5–4325)

3403.2
(2985.9–3508.1)

Range 2079.9–3877.2 2740.5–5664.4 2563–4248.9
n 9 9 9

Opposite limb
volume [ml]

Mean (SD) 1978.96 (479.16) 2584.96 (536.75) 2326.08 (429.97)

p = 0.05
Median

(quartile) 2019 (1586.4–2257.8) 2528.7
(2146–2779)

2444
(2137.4–2501.4)

Range 1233.1–2867.7 1917.6–3544.5 1676.1–3171.4
n 9 9 9

Excess volume [%]

Mean (SD) 53.3 (13.3) 49.76 (8.05) 43.44 (8.64)

p = 0.188
Median

(quartile) 51.5 (45.7–65) 51.37
(42.91–55.63) 40.25 (38.7–52.91)

Range 35.2–71.4 35.98–59.81 33.98–56.91
n 9 9 9

p—Categorical variables: chi-square test or Fisher’s exact test. (a) Quantitative variables: Kruskal–
Wallis test; (b) Quantitative variables: Kruskal–Wallis test + post hoc analysis (Dunn’s test).

3.1. Moderate Group (MG)

In the moderate group, a parallel, clinically meaningful reduction in affected limb
volume was found after one week of therapy with both types of compression (0.37 L
in essential ACWs vs. 0.16 in MLBs, p < 0.001). A statistically significant limb volume
reduction was also observed in the decongestive ACW group (0.08 L, p < 0.002) after
one week. The pressure under decongestive ACWs (27 mmHg) was significantly lower
compared to essential ACWs (35 mmHg) and MLBs (38 mmHg) (p < 0.001).

Affected limb joint mobility (specifically, the ability to move mostly the wrist and
elbow, and functional tasks such as using a spoon) was reduced in all patients after two
weeks of therapy. Although no significant differences were observed in patient-reported
upper-limb mobility between the groups, the patients within the decongestive ACW group
rated the affected limb joint mobility higher (not significantly) than those in the essential
ACW and MLB groups after the second week. Overall physical functioning in relation to
compression decreased in all patients at the end of the first week. LE-related symptoms
decreased in all groups; however, this improvement was more pronounced in the MLB
group. No significant differences were observed for the perceived comfort associated with
wearing compression garments between the groups. All types of compression devices were
associated with a certain risk of compression complications. These minor complications
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occurred less frequently with MLBs than with either type of ACW. These results are found
in (Table 2). In the essential ACW subgroup, patients reported: skin irritation (7/9 women),
cutting in (6/9 women), local swelling mostly in the hand region (7/9 women), slippage
(6/9 women), tightness (5/9 women), and itching (6/9). Women from the decongestive
ACW subgroup reported: skin irritation (5/10 women), cutting in (4/10 women), local
swelling mostly in the hand region (2/10 women), slippage (4/10 women), tightness
(2/10 women), and itching (5/10). In the MLB subgroup, the women reported: skin
irritation (5/9 women), cutting in (2/9 women), local swelling mostly in the hand region
(1/9 women), slippage (4/9 women), tightness (2/9 women), and itching (5/9).

Table 2. Results in moderate group (MG).

Parameter

Decongestive
ACW-MG

(Median, IQR)
N = 10

Essential
ACW-MG

(Median, IQR)
N = 9

MLB-MG
(Median, IQR)

N = 9

Subgroup
Difference p

Interface pressure under
compression (mmHg) 27 (21–29) 35 (30–40) 38 (35–40) p < 0.001

η2 = 0.664

Affected limb volume (L)

T0 before therapy 3.07 (2.56–3.60) 3.48 (3.02–3.58) 2.89 (2.75–3.43) p = 0.541
η2 = −0.031

T1 after 1 week 2.99 (2.44–3.36) 3.11 (2.70–3.44) 2.73 (2.47–2.86) p = 0.662
η2 = −0.047

T2 after 2 weeks 2.99 (2.55–3.15) 3.07 (2.8–3.50) 2.69 (2.47–2.86) p = 0.419
η2 = −0.01

T0 > T1,T2 T0 > T1,T2 T0 > T1,T2
p = 0.002
W = 0.63

p = 0.001
W = 0.753

p = 0.001
W = 0.778

Excess volume
reduction (%)

after 1 week −6.75
(−8.60–−4.18)

−6.29
(−8.42–−0.72)

−11.5
(−14.56–−11.14)

dec, ess >
MLB

p = 0.003
η2 = 0.376

after 2 weeks −3.50
(−9.60–−2.48)

−8.90
(−10.42–−3.94)

−15.67
(−16.97–−10.49)

dec, ess >
MLB

p = 0.032
η2 = 0.196

p = 0.492
r = 0.419

p = 0.605
r = 0.968

p = 0.666
r = 0.928

WAC after 2 weeks (%) −3.76
(−8.34–−1.96)

−6.75
(−8.63–−4.40)

−8.61
(−11.63–−6.84)

p = 0.12
η2 = 0.09

Patient-reported
upper-limb mobility
(NRS)

T0 before therapy 25.5 (18.25–27.75) 25.0 (22.0–30.0) 29.0 (26.0–30.0) p = 0.389
η2 = −0.004

T1 after 1 week 20.0 (16.50–24.00) 12.0 (10.0–18.0) 17.0 (16.0–21.0) p = 0.389
η2 = −0.004

T2 after 2 weeks 18.0 (11.50–20.75) 10.0 (6.0–14.0) 11.0 (5.0–24.0) p = 0.306
η2 = 0.015

T0 > T2 T0 > T2 T0 > T2
p = 0.008

W = 0.478
p = 0.002
W = 0.61

p = 0.036
W = 0.369
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Table 2. Cont.

Parameter

Decongestive
ACW-MG

(Median, IQR)
N = 10

Essential
ACW-MG

(Median, IQR)
N = 9

MLB-MG
(Median, IQR)

N = 9

Subgroup
Difference p

Total physical
functioning in relation to
compression (NRS)

T0 before therapy 63.0 (52.25–69.75) 57.0 (51.0–69.0) 60.0 (50.0–64.0) p = 0.918
η2 = −0.073

T1 after 1 week 29.0 (20.5–30.75) 24.0 (19.0–30.0) 40.0 (18.0–45.0) p = 0.344
η2 = 0.005

T2 after 2 weeks 22.5 (17.75–30.75) 25.0 (15.0–34.0) 29.0 (20.0–39.0) p = 0.673
η2 = −0.048

T0 > T1,T2 T0 > T2 T0 > T2
p = 0.002
W = 0.61

p = 0.003
W = 0.642

p = 0.008
W = 0.531

LE-related symptoms
(NRS)

T0 before therapy 25.0 (22.5–33.0) 18.0 (8.0–23.0) 25.0 (18.0–28.0) p = 0.104
η2 = 0.101

T1 after 1 week 21.5 (12.25–24.75) 15.0 (12.0–22.0) 11.0 (3.0–14.0) p = 0.11
η2 = 0.096

T2 after 2 weeks 23.5 (17.5–27.5) 13.0 (7.0–22.0) 10.0 (2.0–12.0) dec > MLB p = 0.007
η2 = 0.316

T0 > T1 T0 > T1,T2
p = 0.014
W = 0.43

p = 0.124
W = 0.232

p = 0.002
W = 0.704

Comfort of compression
(NRS)

after 1 week 29.5 (24.75–32.25) 25.0 (22.0–28.0) 25.0 (21.0–35.0) p = 0.438
η2 = −0.014

after 2 weeks 28.5 (21.5–33.0) 38.0 (27.0–42.0) 31.0 (28.0–34.0) p = 0.429
η2 = −0.012

p = 0.941
r = 0.032

p = 0.074
r = 0.612

p = 0.516
r = 0.237

Complications of
compression (NRS)

after 1 week 25.5 (19.5–30.75) 20.0 (18.0–36.0) 8.0 (6.0–23.0) dec. ess. >
MLB

p = 0.032
η2 = 0.195

after 2 weeks 30.5 (18.25–38.5) 35.0 (22.0–46.0) 11.0 (3.0–17.0) dec. ess. >
MLB

p = 0.015
η2 = 0.255

p = 0.73
r = 0.145

p = 0.18
r = 0.474

p = 0.789
r = 0.079

Effect size measures for the tests used: W—Friedman test (Wilcoxon with Bonferroni post hoc
correction); η2—Kruskal–Wallis test; r—Wilcoxon signed-rank test.

3.2. Severe Group (SG)

In the severe group, a parallel, clinically significant reduction in affected limb volume
was found after one week of CDT (0.22 L in decongestive ACWs vs. 0.40 L in essential
ACWs vs. 0.36 in MLBs, p < 0.001). The pressure under decongestive ACWs (23 mmHg)
was significantly lower compared to essential ACWs (35 mmHg) and MLBs (38 mmHg)
(p < 0.001). Overall physical functioning decreased in all patients; however, in the decon-
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gestive ACW group, this decrease occurred only within the first week of therapy. Patients
in the decongestive ACW group rated the affected limb joint mobility significantly higher
after the second week (p = 0.023). LE-related symptoms decreased in all groups; however,
this improvement was more pronounced in the MLB group. No significant differences
were observed between the groups regarding the perceived comfort of wearing compres-
sion devices. All compression types were associated with a certain risk of compression
complications, which occurred less frequently with MLB than any type of ACW (Table 3).

Table 3. Results in severe group (SG).

Parameter

Decongestive
ACW-SG

(Median, IQR)
N = 9

Essential
ACW-SG

(Median, IQR)
N = 9

MLB
SG (Median,

IQR)
N = 9

Subgroup
Difference p

Interface pressure under
compression (mmHg) 23 (21.2–24) 35 (30–40) 38 (36–40) p < 0.001

η2 = 0.621

Affected limb volume (L)

T0 before therapy 2.94 (2.40–3.56) 3.83 (3.26–4.32) 3.40 (2.98–3.50) p = 0.11
η2 = 0.101

T1 after 1 week 2.72 (2.31–3.28) 3.43 (2.98–4.05) 3.04 (2.62–3.19) p = 0.104
η2 = 0.105

T2 after 2 weeks 2.70 (2.30–3.25) 3.42 (2.91–3.95) 2.88 (2.60–3.13) p = 0.051
η2 = 0.165

T0 > T1, T2 T0 > T1, T2 T0 > T1, T2
p = 0.001

W = 0.827
p = 0.005

W = 0.593
p = 0.001

W = 0.827

Excess volume
reduction (%)

after 1 week −8.7
(−18.3–−5.3)

−12.54
(−20.33–−7.91)

−13.11
(−14.61–−7.48)

p = 0.797
η2 = −0.064

after 2 weeks −10.4
(−14.5–−7.5)

−15.8
(−17.18–−10.38)

−14.73
(−18.22–−11.37)

p = 0.62
η2 = −0.044

p = 0.666
r = 0.928

p = 0.863
r = 0.810

p = 0.666
r = 0.928

WAC after 2 weeks (%) −6.94
(−8.82–−3.77)

−7.77
(−8.10–−6.77)

−10.64
(−12.76–−6.20)

p = 0.459
η2 = −0.019

Patient-reported
upper-limb mobility
(NRS)

T0 before therapy 25.0 (22.0–28.0) 22.0 (21.0–27.0) 23.0 (22.0–25.0) p = 0.766
η2 = −0.061

T1 after 1 week 24.0 (17.0–25.0) 15.0 (11.0–22.0) 21.0 (12.0–22.0) p = 0.274
η2 = 0.024

T2 after 2 weeks 17.0 (9.0–25.0) 8.0 (7.0–10.0) 7.0 (5.0–8.0) dec. > ess.
MLB

p = 0.023
η2 = 0.231

T0 > T2 T0, T1 > T2 T0 > T2
p = 0.048

W = 0.337
p = 0.001

W = 0.784
p = 0.018

W = 0.444
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Table 3. Cont.

Parameter

Decongestive
ACW-SG

(Median, IQR)
N = 9

Essential
ACW-SG

(Median, IQR)
N = 9

MLB
SG (Median,

IQR)
N = 9

Subgroup
Difference p

Total physical functioning in relation to compression (NRS)

T0 before therapy 58.0 (44.0–64.0) 51.0 (47.0–58.0) 51.0 (49.0–52.0) p = 0.677
η2 = −0.051

T1 after 1 week 36.0 (26.0–40.0) 36.0 (24.0–48.0) 38.0 (36.0–47.0) p = 0.611
η2 = −0.042

T2 after 2 weeks 27.0 (18.0–41.0) 23.0 (19.0–32.0) 21.0 (8.0–26.0) p = 0.43
η2 = −0.013

T0 > T1, T2 T0, T1 > T2 T0 > T2
p = 0.002

W = 0.695
p = 0.001

W = 0.827
p = 0.042

W = 0.352

LE-related symptoms
(NRS)

T0 before therapy 32.0 (16.0–34.0) 37.0 (23.0–47.0) 22.0 (17.0–23.0) p = 0.122
η2 = 0.092

T1 after 1 week 21.0 (14.0–30.0) 13.0 (12.0–20.0) 9.0 (4.0–12.0) p = 0.070
η2 = 0.138

T2 after 2 weeks 15.0 (5.0–30.0) 14.0 (10.0–21.0) 2.0 (0–4.0) dec. ess. >
MLB

p = 0.009
η2 = 0.312

T0 > T2 T0 > T2 T0 > T1, T2
p = 0.010

W = 0.513
p = 0.003

W = 0.642
p = 0.001

W = 0.827

Comfort of compression
(NRS)

after 1 week 42.0 (26.0–45.0) 28.0 (26.0–31.0) 30.0 (19.0–40.0) p = 0.177
η2 = 0.061

after 2 weeks 37.0 (33.0–42.0) 37.0 (21.0–46.0) 37.0 (22.0–41.0) p = 0.859
η2 = −0.071

p = 0.844
r = 0.079

p = 0.359
r = 0.336

p = 0.91
r = 0.059

Complications of
compression (NRS)

after 1 week 27.0 (21.0–40.0) 29.0 (20.0–34.0) 7.0 (4.0–11.0) dec. ess. >
MLB

p = 0.001
η2 = 0.481

after 2 weeks 23.0 (16.0–28.0) 15.0 (13.0–31.0) 4.0 (4.0–11.0) dec. ess >
MLB

p = 0.021
η2 = 0.239

p = 0.301
r = 0.375

p = 0.188
r = 0.454

p = 0.719
r = 0.197

Effect size measures for used tests: W—Friedman test (Wilcoxon with Bonferroni post hoc correction);
η2—Kruskal–Wallis test; r—Wilcoxon signed-rank test.

Patients in the essential ACW subgroups reported: skin irritation (6/9 women), cut-
ting in (6/9 women), local swelling mostly in the hand region (7/9 women), slippage
(6/9 women), tightness (5/9 women), and itching (6/9). Women in the decongestive ACW
subgroup reported: skin irritation (5/9 women), cutting in (4/9 women), local swelling
mostly in the hand region (1/9 women), slippage (4/9 women), tightness (2/9 women),
and itching (5/9). In the MLB subgroup, patients reported: skin irritation (5/9 women),
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cutting in (2/9 women), local swelling mostly in the hand region (1/9 women), slippage
(3/9 women), tightness (2/9 women), and itching (4/9).

4. Discussion
Adjustable compression wrap devices with higher stiffness offer an alternative therapy

solution for patients who are not able to apply or tolerate multi-layer bandaging. Although
ACWs can be considered during the intensive phase of CDT, there is a lack of comprehensive
comparative evidence to guide clinicians in selecting between ACWs for moderate and
severe stages of BCRL.

To the best of our knowledge, this study is the first preliminary trial to assess the
effectiveness of two adjustable compression devices and conventional inelastic bandages in
elderly women with moderate (≥20 to <40% PEV) and severe lymphedema (≥40% PEV),
focusing on limb volume reduction, physical functioning, and patient comfort.

The present study confirms the efficacy of inelastic ACWs (Circaid® reduction kit and
Circaid® juxtafit™ essentials) and MLB in the intensive phase of CDT in moderate and
severe lymphedema. In both groups, a parallel clinically significant reduction in affected
limb volume and disease-related symptoms was noted after one week of the intensive
therapy phase.

There are still few studies describing the effectiveness of ACWs in BCRL sur-
vivors [18–20]; however, different types of ACW devices with MLB have been compared in
the mild [19] to moderate [18] stages of LE (PEV < 20%).

In a randomised trial by Pujol-Blaya et al., the effectiveness of decongestive ACWs
was confirmed to be consistent with our findings [18]. Although no significant differences
in the reduction in the affected limb were observed between ACWs and MLBs, the treat-
ment in that study was performed exclusively by professional therapists and included
manual lymphatic drainage as well [18]. In another study, da Silva et al. indicated that ad-
justable compression devices (specifically, ‘ready-made’ essential ACWs) and compression
sleeves are safe and effective for BCRL patients; however, the authors evaluated only the
maintenance phase of physiotherapy [19].

During the initial two weeks of intensive CDT in our study—absolute limb volume
reduction served as a useful and more clinically relevant metric for tracking localised
changes than excess volume reduction or weight-adjusted changes, and exploratory find-
ings demonstrated a positive trend associated with functional improvement.

Excess volume reduction and weight-adjusted changes are typically reserved for long-
term maintenance treatment because they include whole-body size changes and weight
fluctuations [21].

The effectiveness of ACWs depends on the dosage (the interface pressure measured in
mmHg) as well as the physical and dynamic properties of the textile, such as elasticity and
stiffness [25–28]. Although the optimal pressure under MLBs for the upper limb has been
established, the ideal pressure required for ACWs remains unknown.

In the present study, the pressure exerted by the decongestive ACW (Circaid® reduc-
tion kit) was significantly lower in both the moderate and severe groups (27 mmHg in the
MG vs. 23 mmHg in the SG) in comparison to the essential ACW device (35 mmHg) and
MLB (38 mmHg).

It seems that the lower interface pressure under the decongestive ACW device re-
flected a complex interplay of patient-specific anatomy—including limb shape and tissue
characteristics, device properties, and variations in clinical application techniques. Accord-
ing to Laplace’s law, pressure is inversely proportional to the radius of the limb. In more
advanced lymphedema such as that observed in our study, irregular limb shapes, localised
fibrotic tissue, or prominent bony anatomies can distort pressure readings. Decongestive
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ACW devices are constructed with panels that conform differently to severe skin folds
compared to a continuous, rolled multi-layer bandage, which can bridge across anatomical
gaps and create artificial high-pressure points. Decongestive ACW systems often prioritise
lower, highly controlled mechanical tension to prevent skin breakdown, whereas MLBs rely
on overlapping, multi-component layers that naturally compound pressure according to
Laplace’s law. Physiotherapists tend to apply multi-layer bandages tightly to compensate
for the rapid, inevitable pressure drop that occurs as oedema reduces. Decongestive wraps
are typically applied with more conservative initial tension. Despite these differences in
resting pressure, clinical studies show that ACW devices achieve non-inferior or superior
volume reduction in lymphedema. Our observations confirm this and indicate that a
pressure within the range of 23–27 mmHg in the decongestive ACW was sufficient to obtain
positive clinically relevant results.

Despite the higher pressure in the essential ACW and MLB, comfort and tolerance
were comparable in all compression system devices and ensured good patient compliance
in both the moderate and severe groups.

No interface pressure measurements were conducted under compression in the studies
by Pujol-Blaya et al. or da Silva et al. [18,19]. Interface compression pressure is the most
critical parameter, and it is essential for the successful treatment of lymphedema. The
dosage of compression therapy should be measured at least at the time of application [28,29].
Without pressure measurements, it is impossible to determine whether the compression
therapy has been correctly applied [28]. Achieving appropriate pressure appears to be
easier with ACWs than with MLBs. The ACW device provides a controlled system for
applying and verifying the applied compression force, which guarantees effective self-
application and full patient autonomy. Conversely, MLBs are challenging to apply, and
elderly BCRL patients may require training and education in this area. Some papers report
that many health care professionals fail to apply MLBs with proper pressure [27], especially
in more advanced cases of LE. The pressure can be too low and ineffective or too strong,
resulting in painful and potentially dangerous compression.

In addition to the pressure, the stiffness of the compression material is crucial for
predicting both its effectiveness and patient tolerability [25]. Numerous researchers have
demonstrated that higher material stiffness leads to greater improvements in haemody-
namic parameters and a more effective reduction in oedema [25,30]. Notably, all compres-
sion devices evaluated in our study were inelastic and exhibited a high stiffness index.

Another important aspect of LE therapy is physical functioning while wearing com-
pression devices. Our findings regarding this issue, obtained using the ICC-CQ across three
compression modalities, demonstrated that affected limb joint mobility was significantly
higher in the decongestive ACWs than in the essential ones or MLBs at the end of the
second week in the severe subgroup. Consequently, decongestive ACWs proved to be more
functional in daily life compared to other types of compression in severe lymphedema.
According to the literature, upper extremity function was lower in patients with LE than
in healthy individuals [31]. Reduced mobility and strength can exacerbate swelling and
correlate with increased limb volume [7]. Aydin et al. reported that upper limb functional
status verified through the DASH (Disabilities of Arm, Shoulder and Hand questionnaire)
among BCRL patients was worse in comparison to the patients without LE [31]. In the
study by Gultekin et al., significant correlations between lymphedema severity, disease
duration and reduced mobility of the upper limb joint were observed [32]. Physiother-
apeutic methods involving compression should aim not only to reduce the extent of LE
but also to improve arm functionality, thereby enhancing QoL. Better physical functioning
in decongestive ACWs in severe lymphedema could be achieved through single-layer
ACWs, which are noticeably lighter than MLB. Moreover, the decongestive ACW has the
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additional option of trimming the material after swelling reduction which minimises fabric
overlapping around the elbow and wrist, preventing joint restriction. The absence of this
feature in essential ACWs may explain the higher rate of complications—such as slippage
and local hand swelling—observed in our previous study [20]. Additionally, the deconges-
tive ACW device maintains sustainable pressure, preventing slippage of the compression
which further affects joint mobility. Better joint mobility may partially reflect baseline
BMI and limb-volume differences rather than an intrinsic advantage of the decongestive
ACW. While the decongestive ACW subgroup demonstrated different functional outcomes,
these findings are strictly hypothesis-generating. Due to non-randomised allocation, small
sample sizes, and significant baseline disparities in age and BMI, further randomised con-
trolled trials are required to determine whether the decongestive ACW offers an intrinsic
functional advantage.

Contradictory results were obtained by da Silva et al., who found comparable func-
tionality using a specific ACW. Our findings suggest that physiotherapy should aim not
only to reduce the size of LE, but also to improve or preserve arm functionality, thereby
enhancing quality of life among BCRL survivors.

In our study, no further reduction was noted during the self-management phase in the
second week. This could be related to the more advanced stage of BCRL and higher BMI
observed among the majority of participants. Moderate-to-severe stages of BCRL involve
structural skin changes. The continuous expansion of fibrotic tissue and fat deposition
alters the thickness of the skin and subcutaneous tissue, leading to tissue hardening [1].
Compression therapy, although highly effective in improving the LE consistency, cannot
completely reverse fibrosis in chronic LE. In many studies, higher BMI and obesity are
well-documented risk factors for developing and aggravating BCRL due to fat hypertrophy
in lymphoedematous tissue and fibrosis [33,34]. BMI in the diagnosis of BCRL is a risk
factor associated with severe LE. However, there is no significant association between
lymphedema severity and treatments received for breast cancer [33]. High body mass
index is correlated with a greater initial lymphedema volume and a lower functional
status. Nonetheless, it does not influence the efficacy of CDT in reducing limb volume and
improving function [34]. In our study, initial affected limb volumes were similar across
subgroups, despite patients in the severe subgroups differing in BMI. Our observations thus
suggest that obesity does not undermine the therapeutic effects of CDT. Consequently, CDT
based on compression therapy is recommended regardless of the patient’s body mass [34].

Although no additional reduction in limb volume was noted during the second week
of the study, compression therapy should be continued to mitigate the risk of inflammatory
complications. Patients with more clinically advanced stages of LE are at a particularly high
risk of developing cellulitis due to localised immune dysfunction, specifically impaired
antigen presentation during lymph transport [35]. The risk of cellulitis increases both
with the duration and, importantly, the severity of lymphedema, characterised by the
accumulation of adipose tissue and fibrosis [36]. Consequently, best practice guidelines
strongly support the usage of compression throughout the course of the disease [2].

Compression therapy is cost-saving in the prevention of recurrent cellulitis among
patients with chronic oedema [37]. However, high-quality evidence is still required to
confirm its efficacy in LE among breast cancer survivors. We did not evaluate the his-
tory of cellulitis in our patient cohort, which may be a limitation of this study; however,
the utilisation of diverse compression devices offers patients alternative options beyond
standard multi-layer bandaging, especially those with severe LE. These alternatives may
increase the positive impact of treatment and success rate resulting from compliance and
long-term management.
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Despite the fact that women in both the moderate and severe subgroups reported some
complications (cutting in, ACW reduction, local hand swelling, skin irritation and slippage
in ACW essential) more than in the MLB, no significant differences in comfort between
three compression devices were noted. Similar findings have been reported in previous
studies [18,19], but in cohorts with less severe stages of the disease (PEV ≥ 10%) [18]. This
supports the assumption that therapeutic management in more advanced and chronic cases
of LE is inherently more challenging.

A lack of proper education in compression therapy application or prescription can
drive non-adherence as patients fail to see its benefits or find it painful and harmful.
Selecting the optimal compression therapy for BCRL requires a balance between clinical
efficacy and the patient’s daily functional realities. The aspects of usability and patient
independence were not directly tested in our study, nor was it assessed which patients
may benefit most from each compression type. However, from a practical perspective,
our observations indicate that both types of ACW seem to be better options for patients
living alone or those lacking access to professional care. This also applies to individuals
who are very active in their daily lives and prioritise greater functionality because self-
application of ACW seems to be more feasible. Therefore, these patients may feel more
independent in daily life and demonstrate improved self-management. MLB is a superior
option for patients who have an active, capable caregiver at home or those enrolled in an
intensive, clinic-based complex decongestive therapy protocol. Self-application of properly
applied MLBs to the upper limb is considered challenging, especially in more advanced
lymphedema. These clinical implications should be considered hypotheses for future
research related to self-compression therapy.

Several limitations of this study should be acknowledged. First, the sample size of
patients who met the inclusion criteria was relatively small. Consequently, the subgroup
comparisons are exploratory in nature. Additionally, the study lacked blinding and long-
term follow-up. Furthermore, interface pressure was measured exclusively at the beginning
of treatment, and the patients’ history of cellulitis was not assessed. Finally, while the
Polish version of the ICC-CQ has been formally translated, it has not yet been validated.

A strength of this study is the inclusion of homogeneous patient groups with moderate
(PEV ≥ 20 to <40%) and severe (PEV ≥ 40%) BCRL. Moreover, we demonstrated a high
level of patient adherence to compression usage within two weeks of applying various
therapeutic systems.

5. Conclusions
Both adjustable compression wraps may represent feasible alternatives to multi-layer

bandaging during the intensive phase of complex decongestive therapy in selected pa-
tients. The decongestive adjustable compression wrap demonstrated promising functional
advantages in severe lymphedema. The choice between adjustable compression devices
and multi-layer bandaging should be guided by patients’ individual needs or preferences.
The successful integration of adjustable compression wraps into clinical practice relies on
thorough patient training in application techniques to ensure both therapeutic efficacy
and safety. Rigorously designed, high-quality, and adequately powered randomised tri-
als with larger sample sizes are required before firm clinical recommendations for breast
cancer-related lymphedema can be made.
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The following abbreviations are used in this manuscript:

BCRL Breast cancer-related lymphedema
ISL International Society of Lymphology
LE Lymphedema
PEV Percentage of excess volume
CT Compression therapy
MLB Multi-layer bandaging
CG Compression garments
CDT Complex Decongestive Therapy
QoL Quality of life
ACW Adjustable Compression Wraps
WAC Weight-adjusted change
BMI Body mass index
ICC-CQ International Compression Club Compression Questionnaire

References
1. Yusof, K.M.; Avery-Kiejda, K.A.; Suhaimi, S.A.; Zamri, N.A.; Rusli, M.E.F.; Mahmud, R.; Saini, S.M.; Ibraheem, S.A.W.; Abdullah,

M.; Rosli, R. Assessment of potential risk factors and skin ultrasound presentation associated with breast cancer-related
lymphedema in long-term breast cancer survivors. Diagnostics 2021, 11, 1303. [CrossRef] [PubMed]

2. The diagnosis and treatment of peripheral lymphedema: 2023 consensus document of the international society of lymphology.
Lymphology 2023, 56, 133–151. [CrossRef]

3. Iyer, D.; Jannaway, M.; Yang, Y.; Scallan, J.P. Lymphatic valves and lymph flow in cancer-related lymphedema. Cancers 2020,
12, 2297. [CrossRef] [PubMed]

4. Protz, K.; Eder, S.; Läuchli, S.; Partsch, H.; Stücker, M.; Traber, J.; Dissemond, J. Classification and nomenclature of current
materials for compression therapy. Dermatologie 2023, 74, 270–281. [CrossRef] [PubMed]

5. Ochalek, K.; Partsch, H.; Gradalski, T.; Szygula, Z. Do compression sleeves reduce the incidence of arm lymphedema and improve
quality of life? Two-year results from a prospective randomized trial in breast cancer survivors. Lymphat. Res. Biol. 2019, 17, 70–77.
[CrossRef] [PubMed]

6. Ramirez-Parada, K.; Gonzalez-Santos, A.; Riady-Aleuy, L.; Pinto, M.P.; Ibañez, C.; Merino, T.; Acevedo, F.; Walbaum, B.;
Fernández-Verdejo, R.; Sanchez, C. Upper-Limb Disability and the Severity of Lymphedema Reduce the Quality of Life of Patients
with Breast Cancer-Related Lymphedema. Curr. Oncol. 2023, 30, 8068–8077. [CrossRef] [PubMed]

7. Mohamed, M.H.; Radwan, R.E.; ElMeligie, M.M.; Ahmed, A.; Sakr, H.R.; ElShazly, M. The impact of lymphedema severity on
shoulder joint function and muscle activation patterns in breast cancer survivors: A cross-sectional study. Support. Care Cancer
2025, 33, 37, Erratum in Support. Care Cancer 2025, 33, 1105. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15187310

https://akf.rodbuk.pl/dataset.xhtml?persistentId=doi:10.58145/AKF/I1C5GU
https://doi.org/10.58145/AKF/I1C5GU
https://doi.org/10.58145/AKF/I1C5GU
https://akf.rodbuk.pl/dataverse/fr
https://doi.org/10.3390/diagnostics11081303
https://www.ncbi.nlm.nih.gov/pubmed/34441238
https://doi.org/10.2458/lymph.6372
https://doi.org/10.3390/cancers12082297
https://www.ncbi.nlm.nih.gov/pubmed/32824219
https://doi.org/10.1007/s00105-023-05108-7
https://www.ncbi.nlm.nih.gov/pubmed/36754895
https://doi.org/10.1089/lrb.2018.0006
https://www.ncbi.nlm.nih.gov/pubmed/30339481
https://doi.org/10.3390/curroncol30090585
https://www.ncbi.nlm.nih.gov/pubmed/37754500
https://doi.org/10.1007/s00520-024-09044-7
https://www.ncbi.nlm.nih.gov/pubmed/39690278
https://doi.org/10.3390/jcm15187310


J. Clin. Med. 2026, 15, 7310 18 of 19

8. King, M.; Deveaux, A.; White, H.; Rayson, D. Compression garments versus compression bandaging in decongestive lymphatic
therapy for breast cancer-related lymphedema: A randomized controlled trial. Support. Care Cancer 2012, 20, 1031–1036. [CrossRef]
[PubMed]

9. Gradalski, T.; Ochalek, K.; Kurpiewska, J. Complex Decongestive Lymphatic Therapy with or Without Vodder II Manual Lymph
Drainage in More Severe Chronic Postmastectomy Upper Limb Lymphedema: A Randomized Noninferiority Prospective Study.
J. Pain Symptom Manag. 2015, 50, 750–757. [CrossRef] [PubMed]

10. McNeely, M.L.; Dolgoy, N.D.; Rafn, B.S.; Ghosh, S.; Ospina, P.A.; Al Onazi, M.M.; Radke, L.; Shular, M.; Kuusk, U.; Webster,
M.; et al. Nighttime compression supports improved self-management of breast cancer-related lymphedema: A multicenter
randomized controlled trial. Cancer 2022, 128, 587–596. [CrossRef] [PubMed]

11. Dhar, A.; Srivastava, A.; Pandey, R.M.; Shrestha, P.; Villet, S.; Gogia, A.R. Safety and Efficacy of a Mobiderm Compression
Bandage During Intensive Phase of Decongestive Therapy in Patients with Breast Cancer-Related Lymphedema: A Randomized
Controlled Trial. Lymphat. Res. Biol. 2023, 21, 52–59. [CrossRef] [PubMed]

12. Faerber, G.; Fennema, P.; Hirsch, T.; Szuba, A.; Kahle, B. Benefits of an Adjustable Compression Garment System for the Reduction
of Chronic Leg Oedema (ACROE Study). Eur. J. Vasc. Endovasc. Surg. 2024, 68, 663–669. [CrossRef] [PubMed]

13. Mosti, G.; Mancini, S.; Bruni, S.; Serantoni, S.; Gazzabin, L.; Bucalossi, M.; Polignano, R.; Mariani, F.; Luca, B.; Partsch, H.
Adjustable compression wrap devices are cheaper and more effective than inelastic bandages for venous leg ulcer healing.
A Multicentric Italian Randomized Clinical Experience. Phlebology 2020, 35, 124–133. [CrossRef] [PubMed]

14. Mosti, G.; Gasparis, A.; Oropallo, A.; Labropoulos, N. Pressure and stiffness of a new air-inflated compression wrap. Phlebology
2024, 39, 456–464. [CrossRef] [PubMed]

15. Damstra, R.J.; Partsch, H. Prospective, randomized, controlled trial comparing the effectiveness of adjustable compression Velcro
wraps versus inelastic multicomponent compression bandages in the initial treatment of leg lymphedema. J. Vasc. Surgery. Venous
Lymphat. Disord. 2013, 1, 13–19. [CrossRef] [PubMed]

16. Stather, P.W.; Petty, C.; Howard, A.Q. Review of adjustable velcro wrap devices for venous ulceration. Int. Wound J. 2019, 16,
903–908. [CrossRef] [PubMed]

17. Reisshauer, A.; Tsatrafilis, E.; Kornappel, S.; Huscher, D.; Liebl, M.E. A randomized, controlled noninferiority study of adjustable
compression wraps compared with inelastic multilayer bandaging used in the intensive complex decongestive therapy of lower
leg lymphedema. J. Vasc. Surg. Venous Lymphat. Disord. 2025, 13, 102214. [CrossRef] [PubMed]

18. Pujol-Blaya, V.; Salinas-Huertas, S.; Catasús, M.L.; Pascual, T.; Belmonte, R. Effectiveness of a precast adjustable compression
system compared to multilayered compression bandages in the treatment of breast cancer-related lymphoedema: A randomized,
single-blind clinical trial. Clin. Rehabil. 2019, 33, 631–641. [CrossRef] [PubMed]

19. Silva, J.M.P.d.; Araújo, R.D.D.; Aguiar, S.S.d.; Fabro, E.A.N.; Pinto, M.V.d.M.; Thuler, L.C.S.; Bergmann, A. Efficacy, safety of and
adherence to adjustable compression wraps in the control phase of breast cancer-related lymphedema: A randomized controlled
trial. Clin. Rehabil. 2024, 38, 1481–1494. [CrossRef] [PubMed]

20. Ochalek, K.; Kurpiewska, J.; Gradalski, T. Adjustable Compression Wraps (ACW) vs. Compression Bandaging (CB) in the
Acute Phase of Breast Cancer-Related Arm Lymphedema Management—A Prospective Randomized Study. Biology 2023, 12, 534.
[CrossRef] [PubMed]

21. Miller, C.L.; Specht, M.C.; Horick, N.; Skolny, M.N.; Jammallo, L.S.; O’Toole, J.; Taghian, A.G. A novel, validated method to
quantify breast cancer-related lymphedema (BCRL) following bilateral breast surgery. Lymphology 2013, 46, 64–74. [PubMed]

22. Tambour, M.; Holt, M.; Speyer, A.; Christensen, R.; Gram, B. Manual lymphatic drainage adds no further volume reduction to
complete decongestive therapy on breast cancer-related lymphoedema: A multicentre, randomised, single-blind trial. Br. J. Cancer
2018, 119, 1215–1222. [CrossRef] [PubMed]

23. Devoogdt, N.; Partsch, H.; Heroes, A.K.; De Vrieze, T.; De Groef, A.; Geraerts, I.; Damstra, R.J.; Hafner, J.; Keeley, V.; Becker, A.;
et al. The ICC Compression Questionnaire: A Comprehensive Tool to Evaluate Compression Materials or Devices Applied in
Subjects with Lymphedema or Chronic Venous Disease. Lymphat. Res. Biol. 2022, 20, 191–202. [CrossRef] [PubMed]

24. R. Core Team. A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria, 2022.
25. Bjork, R.S.T.R.I.D.E. Professional guide to compression garment selection for the lower extremities. J. Wound Care 2019, 28, S3.

[CrossRef] [PubMed]
26. Phillips, N.; Lymphoedema, C.M.; Healthcare, H.; Wright, T. Comparing the variation of pressure, stiffness and elasticity achieved

in seven adjustable wrap systems including easywrap strong. J. Wound Care 2024, 33, 10–14.
27. Hara, H.; Yoshida, M.; Ikehata, N.; Tachibana, S.; Hamanaka, N.; Nakakawaji, K.; Mihara, M. Compression Pressure Variability

in Upper Limb Multilayer Bandaging Applied by Lymphedema Therapists. Lymphat. Res. Biol. 2021, 19, 378–382. [CrossRef]
[PubMed]

28. Mosti, G.; Bohbot, S.; Bongards, C.; Benigni, J.P.; Devoogdt, N.; Forner-cordero, I. What we cannot miss in clinical trials on
compression therapy. Phlebology 2026, 41, 443–450. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15187310

https://doi.org/10.1007/s00520-011-1178-9
https://www.ncbi.nlm.nih.gov/pubmed/21553314
https://doi.org/10.1016/j.jpainsymman.2015.06.017
https://www.ncbi.nlm.nih.gov/pubmed/26303187
https://doi.org/10.1002/cncr.33943
https://www.ncbi.nlm.nih.gov/pubmed/34614195
https://doi.org/10.1089/lrb.2021.0104
https://www.ncbi.nlm.nih.gov/pubmed/35675677
https://doi.org/10.1016/j.ejvs.2024.06.004
https://www.ncbi.nlm.nih.gov/pubmed/38866131
https://doi.org/10.1177/0268355519858439
https://www.ncbi.nlm.nih.gov/pubmed/31234752
https://doi.org/10.1177/02683555241246606
https://www.ncbi.nlm.nih.gov/pubmed/38613486
https://doi.org/10.1016/j.jvsv.2012.05.001
https://www.ncbi.nlm.nih.gov/pubmed/26993887
https://doi.org/10.1111/iwj.13116
https://www.ncbi.nlm.nih.gov/pubmed/30900365
https://doi.org/10.1016/j.jvsv.2025.102214
https://www.ncbi.nlm.nih.gov/pubmed/40015477
https://doi.org/10.1177/0269215518821785
https://www.ncbi.nlm.nih.gov/pubmed/30607986
https://doi.org/10.1177/02692155241270921
https://www.ncbi.nlm.nih.gov/pubmed/39119622
https://doi.org/10.3390/biology12040534
https://www.ncbi.nlm.nih.gov/pubmed/37106735
https://www.ncbi.nlm.nih.gov/pubmed/24354105
https://doi.org/10.1038/s41416-018-0306-4
https://www.ncbi.nlm.nih.gov/pubmed/30353049
https://doi.org/10.1089/lrb.2020.0125
https://www.ncbi.nlm.nih.gov/pubmed/33781091
https://doi.org/10.12968/jowc.2019.28.Sup7.S3
https://www.ncbi.nlm.nih.gov/pubmed/31295077
https://doi.org/10.1089/lrb.2020.0083
https://www.ncbi.nlm.nih.gov/pubmed/33393851
https://doi.org/10.1177/02683555251377228
https://www.ncbi.nlm.nih.gov/pubmed/40899334
https://doi.org/10.3390/jcm15187310


J. Clin. Med. 2026, 15, 7310 19 of 19

29. Mosti, G.; Wittens, C.; Caggiati, A. Black holes in compression therapy: A quest for data. J. Vasc. Surg. Venous Lymphat. Disord.
2024, 12, 101733. [CrossRef] [PubMed]

30. Hirai, M.; Niimi, K.; Iwata, H.; Sugimoto, I.; Ishibashi, H.; Ota, T.; Nakamura, H. Comparison of stiffness and interface pressure
during rest and exercise among various arm sleeves. Phlebology 2010, 25, 196–200. [CrossRef] [PubMed]

31. Aydin, G.; Atici, E.; Yarasir, E.; Baglan Yentur, S.; Elbasti, M.S. Evaluation of Disease Severity, Respiratory Muscle Strength,
Respiratory Functions, Functionality, and Quality of Life in Patients With Upper Limb Lymphedema. Clin. Breast Cancer 2025, 25,
e487–e495. [CrossRef] [PubMed]

32. Gultekin, S.C.; Cakir, A.B.; Guc, Z.G.; Ozalp, F.R.; Keskinkilic, M.; Yavuzsen, T.; Karadibak, D. An objective test to assess upper
limb functionality in patients with breast cancer-related lymphedema: Investigation of the psychometric properties of the upper
limb functional test (ULIFT). BMC Women’s Health 2025, 25, 267. [CrossRef] [PubMed]

33. Leray, H.; Malloizel-Delaunay, J.; Lusque, A.; Chantalat, E.; Bouglon, L.; Chollet, C.; Chaput, B.; Garmy-Susini, B.; Yannoutsos, A.;
Vaysse, C. Body Mass Index as a Major Risk Factor for Severe Breast Cancer-Related Lymphedema. Lymphat. Res. Biol. 2020, 18,
510–516. [CrossRef] [PubMed]

34. Warnier, M.; Antoniolli, N.; Bihin, B.; Frippiat, J.; Meseeuw, C.; Lheureux, A.; Deltombe, T. Impact of Body Mass Index on the
Outcomes of Intensive Complex Decongestive Therapy for Lower Limb Lymphedema. Int. J. Vasc. Med. 2026, 2026, 8951146.
[CrossRef] [PubMed]

35. Mallon, E.; Powell, S.; Mortimer, P.; Ryan, T.J. Evidence for altered cell-mediated immunity in postmastectomy lymphoedema.
Br. J. Dermatol. 1997, 137, 928–933. [CrossRef]

36. Burian, E.A.; Franks, P.J.; Borman, P.; Quéré, I.; Karlsmark, T.; Keeley, V.; Sugama, J.; Cestari, M.; Moffatt, C.J. Factors associated
with cellulitis in lymphoedema of the arm—An international cross-sectional study (LIMPRINT). BMC Infect. Diesases 2024, 24, 102.
[CrossRef] [PubMed]

37. Webb, E.; Bissett, B.; Neeman, T.; Bowden, F.; Preston, E.; Mumford, V. Compression Therapy Is Cost-Saving in the Prevention of
Lower Limb Recurrent Cellulitis in Patients with Chronic Edema. Lymphat. Res. Biol. 2023, 21, 160–168. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15187310

https://doi.org/10.1016/j.jvsv.2023.101733
https://www.ncbi.nlm.nih.gov/pubmed/38092227
https://doi.org/10.1258/phleb.2009.009064
https://www.ncbi.nlm.nih.gov/pubmed/20656958
https://doi.org/10.1016/j.clbc.2025.01.008
https://www.ncbi.nlm.nih.gov/pubmed/39955175
https://doi.org/10.1186/s12905-025-03829-6
https://www.ncbi.nlm.nih.gov/pubmed/40448095
https://doi.org/10.1089/lrb.2019.0009
https://www.ncbi.nlm.nih.gov/pubmed/32283042
https://doi.org/10.1155/ijvm/8951146
https://www.ncbi.nlm.nih.gov/pubmed/41608741
https://doi.org/10.1046/j.1365-2133.1997.19872068.x
https://doi.org/10.1186/s12879-023-08839-z
https://www.ncbi.nlm.nih.gov/pubmed/38238718
https://doi.org/10.1089/lrb.2022.0029
https://www.ncbi.nlm.nih.gov/pubmed/35997601
https://doi.org/10.3390/jcm15187310

	Introduction 
	Materials and Methods 
	Results 
	Moderate Group (MG) 
	Severe Group (SG) 

	Discussion 
	Conclusions 
	References

