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Abstract
Introduction  Lymphedema is chronic and can be a consequence of cancer treatment. Little is known about the range of 
movement (ROM) of the limbs with lymphedema. We aimed to quantify the ROM in patients with lymphedema to assess 
the impact of lymphedema and multilayer bandaging on mobility.
Methods  A motion analysis system quantified ROM. The ankle and knee of 22 patients (57 years, 14 females) with lower 
limb lymphedema (mainly secondary to gynecological or urological cancer) were evaluated. The wrist and elbow of 21 
women (58 years) affected by upper limb lymphedema secondary to breast cancer were studied. Tests were repeated on the 
lymphedematous limb before (L) and after (B) bandaging, and with the compression garment (G, only for upper limb). The 
contralateral healthy limb (H) was set as a reference.
Results  Lymphedema limited the knee maximal flexion (H 97.7°; L 83.1°) and the forearm rotation (H 140°, L 131°). Band-
aging further limited the maximal knee ROM (70°). Bandaging restricted the maximal ROM of the ankle, elbow (H 147°, B 
130°; only flexion limited), and wrist (H 113°, B 86°; both extension and flexion limited). Bandaging limits the ROM of the 
knee (H 40.7°; B 36.6°), ankle (H 29.6°; B 25.3°), and elbow (L 59°, B 54°) during the dynamic test. G limited the rotation 
of the forearm (111°). Data reported as median.
Conclusion  Lymphedema and its treatment introduce important restrictions on joint mobility that may impact the quality of 
life, as adequate joint dorsiflexion is necessary for daily functional activities.
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Introduction

Lymphedema is a chronic condition caused by impaired 
lymphatic drainage, leading to fluid accumulation in the 
interstitial space, swelling, and functional limitations in 
the affected limbs. Lymphedema can result in pain, skin 
changes, increased susceptibility to infections, and pro-
gressive fibrosis if left untreated [1–4]. The World Health 
Organization estimates a global prevalence of approxi-
mately 300 million cases [5–7], making it a significant pub-
lic health concern. Lymphedema can be classified into two 
main categories: primary and secondary lymphedema [8]. 

The former arises from congenital abnormalities or genetic 
mutations affecting the development of lymphatic vessels. 
The latter is more common and secondary to oncologic treat-
ments such as radiotherapy and surgical lymph node dissec-
tion. Currently, there is no definitive cure for lymphedema, 
but several therapeutic approaches are available to man-
age its symptoms and prevent disease progression [9–12]. 
The gold standard for treatment is complex decongestive 
therapy. Complex decongestive therapy combines manual 
lymphatic drainage, compression therapy, skin care, and 
physical exercise to reduce swelling and improve lymphatic 
function. Compression therapy plays a crucial role in fluid 
management by applying external pressure to facilitate lym-
phatic flow [12–17]. The primary objective of compression 
bandaging is to facilitate lymphatic return and reduce fluid 
accumulation through external pressure. However, compres-
sion bandaging inevitably imposes mechanical constraints 
on joint mobility and soft tissue flexibility [18]. The impact 
of compression therapy on joint mobility remains an area 
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of debate. Excessive compression may restrict movement, 
while insufficient compression may fail to control swelling 
effectively. The swelling induced by lymphedema can lead 
to mechanical impairment in the limb’s movement. The 
range of motion (ROM) of the affected limb can therefore be 
potentially restricted [19]. Although it is commonly assumed 
that lymphedema may limit joint mobility due to tissue fibro-
sis and increased limb volume, direct scientific evidence 
supporting this claim is still limited. Previous research paid 
attention to the scapular girdle, finding a restricted shoulder 
ROM [20–24]. Very few studies in the literature investigated 
the elbow and the wrist with conflicting results, reporting a 
smaller ROM [25] or no deficit [26].

Upper extremity function was assessed via subjective 
(i.e., visual analogue scales and the Disabilities of the Arm, 
Shoulder and Hand questionnaire[27]) but not using objec-
tive techniques.

The knee was only investigated in case reports [28, 29] 
or during video recordings [30], while the ROM of the 
ankle received no attention. There is an important lack of 
knowledge in the pathophysiology of lymphedema, includ-
ing understanding if and how the condition, the multilayer 
bandaging, and the compression garment [31] affect the 
ROM of the joints involved.

This study aimed to quantify the ROM in patients with 
lymphedema and to assess the impact of multilayer bandag-
ing on the mobility in both limbs. This analysis could play 
an important role by quantifying the impairment caused by 
the condition and by the multilayer compression therapy to 
provide essential insights to tailor rehabilitation strategies.

Materials and methods

The study was a cross-sectional prospective study. The 
research protocol of this study was approved by the local 
research Ethics Committee of Politecnico di Milano (approv-
ing number 20/2024) according to the Declaration of Hel-
sinki. All participants signed a written informed consent 
form approved by the Data Protection Officer of Politecnico 
di Milano.

Patients were selected according to the following inclu-
sion criteria: (1) confirmed diagnosis of lymphedema; 
(2) age > 18 years at the time of enrollment; (3) stable 
lymphedema stage (stages I to III) for at least 3 months 
before participation, based on the International Society of 
Lymphology (ISL) classification; (4) ability to ambulate 
independently without assistive devices; (5) no history of 
acute infection in the affected limb; (6) no history of pre-
vious orthopedic injury or musculoskeletal impairment in 
either the affected or unaffected limb; (7) willingness and 
ability to comply with study procedures; and (8) written 
informed consent obtained prior to participation.

Patients who did not meet all seven criteria of inclusion 
were not enrolled for the study.

ROM assessment

This study was conducted using a motion analysis system 
(SMART system, BTS Bioengineering, Milan, Italy) based 
on an optoelectronic stereophotogrammetric approach with 
eight cameras recording at 100 Hz. Passive spherical mark-
ers were placed on the studied limb. For the lower limb, 
the Davis protocol was chosen with markers positioned on 
the anterior superior iliac spine, great trochanter, one-third 
of the leg, malleoli, metatarsal head of the middle finger, 
and heel. Finally, three markers were placed near the knee 
(Fig. 1). For the upper limb, markers were placed at the fol-
lowing anatomical landmarks: one on the acromion, two on 
the medial and lateral elbow, two on the wrist correspond-
ing to the radius and ulna, and one on the metacarpal of the 
middle finger of the hand [32]. An additional marker was 
placed in the same position on the palm (Fig. 1). Acqui-
sition protocols were performed at Politecnico di Milano 
under the supervision of a physiotherapist with 20 years of 
experience in lymphedema treatment who handled all the 
bandaging procedures. The lower limb protocol was previ-
ously described, and it comprised the following: (1) maximal 
flexion–extension of the ankle; (2) maximal flexion–exten-
sion of the knee; and (3) 1-min treadmill walking at 3 km/h 
(an affordable velocity for all the patients according to their 
physical condition). Each movement was repeated five or 
six times. The patient was in an orthostatic position, and 
the tests were repeated three times: on the lymphedematous 
lower limb before bandaging (L), on the lymphedematous 
lower limb after bandaging (B), and the contralateral healthy 
limb (H) set as a reference [33].

The upper limb protocol comprised (1) maximal flex-
ion–extension of the elbow; (2) maximal flexion–extension 
of the wrist; (3) maximal pronation–supination of the fore-
arm; and (4) 1-min tabletop cycling at controlled cadence 
(50 BPM).

Tests 1, 2, and 3 were performed with the patients in the 
supine position on a hospital bed. To focus on the specific 
movement and to minimize compensatory actions from 
other anatomical regions, the arm of interest was positioned 
with the elbow at the edge of the bed and the forearm hang-
ing off it. The relative angle between the trunk and the 
arm was set at 45°. The starting position of the hand was 
supine for the flexion–extension of the elbow, pronated for 
the flexion–extension of the wrist and neutral for the prona-
tion–supination of the forearm. During the pronation–supi-
nation of the forearm, the physiotherapist stabilized the 
arm of the patient with his hand to isolate the movement 
of the forearm and avoid arm rotation. Each movement was 
repeated five or six times. A tabletop bicycle was used for 
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the dynamic trial. The tabletop bicycle was on the bed, and 
the patients were seated in front of the bed, adjusted to navel 
height. To standardize the bicycle distance, the starting posi-
tion was set with one arm fully extended and the pedals 
horizontal. A metronome (50 BPM) controlled the execu-
tion speed, with the patient performing a half-turn per beat, 
alternating between the healthy and lymphedematous arms. 
The tests were repeated four times: on the lymphedematous 
upper limb before bandaging (L), on the lymphedematous 
upper limb after bandaging (B), on the lymphedematous 
upper limb with the patient’s compression garment (G), and 
the contralateral healthy limb (H) set as a reference.

Lymphedema severity classification

The severity of lymphedema was assessed according to the 
International Society of Lymphology (ISL), and it was clas-
sified as mild (5–20% increase in limb volume), moderate 
(20–40%), or severe (> 40%) [9]. The volume differences 

were determined using the circumferential measurement, 
previously described and validated [34]. The circumferences 
were measured by the same operator following a segmental 
proportional technique: i.e., the limb length was fractionated 
at standardized distances following a constant proportion. 
The global limb volume was then calculated using the trun-
cated cone formula [9, 16, 34].

Bandaging procedure

The bandaging was performed by the same physiothera-
pist, who has 20 years of experience in lymphedema treat-
ment and who supervised the acquisitions. The bandaging 
procedure consisted of a multilayer and multi-component 
system (Lohmann & Rauscher), which involves the use of 
the following materials: inelastic tubular bandage (TG7-
TG9), German cotton, cohesive interposition bandage (this 
bandage had a maximum extensibility of 85% of its resting 
length; during the tests, the extensibility was limited to 

Fig. 1   Protocol of marker placement protocols for the lower (blue points) and upper (red points) limb
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only 44.7% through a specific elliptical marker), short-
stretch bandage (this bandage has a maximum extensibility 
of 49% of its resting length; during the tests, the extensi-
bility was limited to only 50% through a specific elliptical 
marker), and cohesive fixation bandage with a protective 
(and not compressive) function [35, 36]. The bandage was 
printed with oval pressure indicators that became circles 
when the correct bandage stretch was achieved, and a con-
sistent 50% overlap of the bandage was maintained on lin-
ear segments (i.e., the arm, the forearm, the leg, and the 
thigh). Standard procedures at the level of joint passages 
were used to try to guarantee the lowest restriction. In 
more detail, the bandaging was applied in a spiral man-
ner, with the band orientation at 30° relative to the limb, 
each layer alternating in the opposite direction to the one 
underneath. The bandaging also included a series of addi-
tional steps near the knee, ankle, and elbow joints. Spe-
cifically, a transverse pass was performed first, followed 
by a descending and an ascending pass, before continuing 
with the spiral pattern, corresponding to a double overlap. 
For simplicity and uniformity of the tests, the bandaging 
performed involved a 50% overlap of the bandages along 
the entire limb [35, 36]. Similar procedures and materials 
were used for the upper limb. However, the hand bandag-
ing was simplified for convenience: the short-stretch band-
age was not applied in this anatomical region, but only a 
tightly woven cohesive bandage, as the fingers are not the 
focus of this study.

Data analysis

SMARTAnalyzer (BTS Bioengineering, Milan, Italy) and a 
dedicated software developed on MATLAB computed the 
measurements of the angles recorded instant by instant for 
all the considered joints. The joint angles were calculated 
as follows: (1) the knee angle as the angle between the seg-
ments connecting the joint center of the knee with the two 
adjacent markers; (2) the ankle angle as the angle between 
the segment that connects the tip of the foot to the medial 
ankle and the segment that connects the medial ankle to the 
most distal marker placed on the leg; (3) the elbow angle as 
the angle between the segments connecting the midpoint of 
the elbow with the midpoint of the wrist and the acromion; 
(4) the wrist angle as the angle between the segments con-
necting the marker positioned on the metacarpal of the mid-
dle finger with the midpoints of the wrist and elbow; (5) the 
angle during the forearm rotation as the Euler angle between 
two reference systems placed at the midpoints of the elbow 
and wrist, respectively.

The ROM of the joints during maximal movements was 
computed as the difference between the minimum and the 
maximum angle reached during the five to six maneuvers.

The ROM of the joints during dynamic assessments was 
calculated based on the normalized step for the lower limb 
and the normalized pedal revolution for the upper limb.

Statistical analysis and power computation

Statistical analysis was performed using RStudio. Data 
distribution was assessed using the Shapiro–Wilk test, and 
normality was assumed if the p-value > 0.05. Comparisons 
among conditions (healthy limb, lymphedematous limb, 
bandaged limb, or compression garment) were performed 
using the Friedman test with Dunn post hoc analysis for 
non-normally distributed data. Comparisons between pri-
mary and secondary lymphedema were performed using 
the Wilcoxon-Mann-Whitney U test for non-normally dis-
tributed data (SigmaStat 3.5, Systat Software, San Jose, 
CA). A pilot study on five subjects affected by lower limb 
lymphedema was conducted using an IMU system (XSENS, 
Movella [37]) to measure the mean and the standard devia-
tion of the knee ROM during maximal flexion–extension of 
the same lymphedematous limb with (65 ± 25°) and without 
(92 ± 39°) the multilayer bandaging. Considering a signifi-
cance level of 0.05, a power of 0.90, and a two-tailed test, 
the resulting total sample size was 19 subjects (G*Power 
Version 3.1.9.4). We have considered the same sample size 
for the upper limb.

Results

Lower limb

Twenty-two patients (median age 55.5 years, 14 females) 
were prospectively analyzed: seven were affected by 
mild (i.e., 5–20% increase in limb volume compared to 
the contralateral healthy limb [9]), 12 by moderate (i.e., 
20–40% increase in limb volume compared to the con-
tralateral healthy limb [9]), and three by severe lower limb 
lymphedema (i.e., > 40% increase in limb volume compared 
to the contralateral healthy limb [9]). Seventeen cases of 
lymphedema were secondary to gynecologic and/or urologic 
and/or pelvic oncological treatment or surgery, while five 
cases were primary. Data on age, sex, surgical procedure, 
tumor, lymphedema characteristics, and compression gar-
ment specifications for cases involving the lower limbs are 
summarized in Table 1.

We found no differences according to the etiology (Online 
Resources 1 and 2 reported all data and p-values) as patients 
with primary and secondary lymphedema showed compa-
rable clinical and functional behavior, with no statistically 
or clinically meaningful differences. This finding suggests 
that primary and secondary lymphedema can reasonably be 
considered a homogeneous population.
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Knee  Lymphedema introduced a clear reduction of the 
ROM of the knee compared to the contralateral healthy 
knee (13.1% of median reduction). The application of mul-
tilayer bandaging further reduced the ROM compared to the 
lymphedematous knee (15.1% of median reduction). The 
knee limitation seemed to be completely attributed to the 
flexion movement. The multilayer bandaging limited the 
ROM of the knee also during walking, while lymphedema 
per se seemed not to significantly alter gait dynamics 
(Fig. 2).

Ankle   Neither the lymphedema nor the multilayer band-
aging seemed to limit the maximal ROM of the ankle. 
However, the multilayer bandaging limited the ROM of the 
ankle during walking compared to both the healthy and the 
lymphedematous conditions, presumably due to the exten-
sion of the ankle. Indeed, the differences in the median val-
ues of the extension among the treatment groups were sta-
tistically significantly different (p = 0.034), but the multiple 
comparison procedure did not isolate the group or groups 
that differed from the others (Fig. 3).

Upper limb

Twenty-one women (median age 58 years) were prospec-
tively analyzed: four were affected by mild (i.e., 5–20% 
increase in limb volume compared to the contralateral 
healthy limb [9]), 11 by moderate (i.e., 20–40% increase 
in limb volume compared to the contralateral healthy limb 
[9]), and six by severe upper limb lymphedema (i.e., > 40% 
increase in limb volume compared to the contralateral 
healthy limb [9]). The lymphedema was secondary to breast 
cancer-related oncological treatment or surgery in all but one 
woman, whose lymphedema was secondary to radiotherapy 
for a lymphoma.

Data on age, sex, tumor, lymphedema characteristics, and 
compression garment specifications for cases involving the 
lower limbs are summarized in Table 2.

Elbow  The application of multilayer bandaging restricts 
the ROM of the elbow. The median ROM was 10.5% and 
10% lower than that of the healthy and the lymphedematous 
limb, respectively. The restriction was entirely due to the 

Table 1   Data regarding age, sex, surgical intervention, lymphedema characteristics, and compression garment specifications for the cases involv-
ing the lower limbs

Age (years) Sex Lymhedema Compression garment

Type Severity Tumor Realization Type of knit Compres-
sion class

Product

71 M Secondary Moderate Prostatic Custom-sized Flat III Above-knee with silicon border
73 F Secondary Moderate Uterine Standard Flat II Above-knee with silicon border
77 F Secondary Severe Uterine Standard Flat II Above-knee with silicon border
53 F Secondary Mild Uterine Custom-sized Flat II Above-knee with silicon border
35 M Primary Moderate - Standard Flat II Above-knee with silicon border
52 M Secondary Mild Nevus Custom-sized Flat II Above-knee with silicon border
49 F Primary Moderate - Standard Flat II Above-knee with silicon border
59 F Secondary Moderate Uterine Custom-sized Flat III Tights
52 F Secondary Moderate Uterine Custom-sized Flat III Tights
39 F Secondary Mild Rhabdomyosarcoma Standard Flat II Above-knee with silicon border
77 M Secondary Severe Prostatic Custom-sized Flat III Above-knee with silicon border
62 F Secondary Moderate Uterine Custom-sized Flat II Above-knee with silicon border
66 F Secondary Moderate Uterine Standard Flat II Above-knee with silicon border
66 M Secondary Moderate Prostatic Standard Flat II Above-knee with silicon border
57 F Secondary Moderate Nevus Custom-sized Flat II Above-knee with silicon border
52 F Secondary Mild Nevus Standard Flat II Above-knee with silicon border
43 F Primary Severe - Custom-sized Flat III Above-knee with silicon border
25 F Primary Mild - Custom-sized Flat III Above-knee with silicon border
44 F Secondary Mild Uterine Custom-sized Flat III Tights
74 M Secondary Moderate Prostatic Custom-sized Flat III Above-knee with silicon border
54 F Primary Mild - Custom-sized Flat II Above-knee with silicon border
64 M Secondary Moderate Penile Custom-sized Flat II Above-knee with silicon border
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flexion (Fig. 4, panels A, B, and C). Similar findings were 
observed during the dynamic analysis, with the multilayer 
bandaging restricting the elbow compared to the healthy and 
the lymphedematous limb. In addition, the elastic garment 
limits the elbow compared to the contralateral healthy limb 
(Fig. 5, panel A).

Wrist  The multilayer bandaging restricted the ROM of the 
wrist compared to the healthy limb, the lymphedematous 
limb, and the lymphedematous limb wearing the elastic gar-
ment. The restriction was due to both the extension and the 
flexion of the wrist (Fig. 4, panels D, E, and F).

Forearm rotation  The pronation-supination was the most 
affected movement, with all four conditions being signifi-
cantly different from each other. The most restricted condi-
tion was the multilayer bandaging, followed by the elastic 
garment. Lymphedema, per se, limited the movement com-
pared to the healthy contralateral limb (Fig. 5, panel B).

Discussion

In this study, we have investigated the effect of lymphedema 
and multilayer bandaging on joint mobility of the upper and 
lower limbs. We have also evaluated the impact of the elastic 
garment on the upper limb. We have found that lymphedema, 
multilayer bandaging, and elastic garments introduced 
asymmetry compared to the contralateral healthy limb. 
Lymphedema alone limited the flexion of the knee, result-
ing in a restricted maximal ROM of the joint. Lymphedema 
per se also limited the rotation of the forearm. The multilayer 
bandaging further limited the maximal ROM of the knee. 
It also restricted the maximal ROM of the ankle, the elbow 
(because it limited the flexion), and the wrist (because it 
limited both the extension and the flexion). The multilayer 
bandaging had an important impact during the dynamic 
test of both limbs by limiting the ROM of the knee, the 
ankle, and the elbow. The rotation of the forearm seemed to 
be the most impacted movement because of lymphedema, 

Fig. 2   Box-and-whisker plot representing the median (line within 
the box), the interquartile range (length of the box), the 90th and the 
10th percentiles (whiskers above and below the box) of the maximal 
ROM of the knee (A) and its two components: the extension (B) and 
the flexion (C) of the healthy limb (H, white); the lymphedematous 
limb (L, red) and the bandaged lymphedematous limb (B, blue). 
*,***p < 0.05, 0.001 vs H; °,°°°p < 0.05, 0.001 vs L. Box-and-whisker 

plot representing the median (line within the box), the interquartile 
range (length of the box), the 90th and the 10th percentiles (whisk-
ers above and below the box) of the ROM of the knee (D) and its 
two components: the extension (E) and the flexion (F) during walk-
ing on the treadmill of the healthy limb (H, white); the lymphedema-
tous limb (L, red) and the bandaged lymphedematous limb (B, blue). 
*p < 0.05 vs H
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multilayer bandaging, and the elastic garment limiting its 
mobility compared to the healthy contralateral forearm and 
among each other.

Our results have important implications for the patho-
physiology and the treatment of lymphedema. Our research 
highlights the importance of understanding the impact of 
lymphedema and its treatment on joint mobility and, there-
fore, on the quality of life of these patients. Joint flexibility 
and mobility are components of the kinetic chain, the body’s 
coordination of various segments to perform specific activi-
ties involving precise positioning, timing, and speed. Any 
alteration in a component of the kinetic chain can develop 
compensatory patterns that may ultimately result in overuse 
and overload injuries [38]. Evaluating the ROM integrity in 
patients affected by lymphedema can significantly enhance 
efforts to improve their daily activities and mitigate result-
ing side effects. Adequate ankle and/or knee dorsiflexion 
is necessary for daily functional activities such as walking, 

jogging, and climbing stairs. Altered ROM of the ankle and/
or the knee can put patients at risk of chronic biomechanical 
gait instability or be prone to injury or chronic pain [39]. 
We have shown that lymphedema per se implies asymmet-
ric movements in the maximal flexion of the knee. We can 
speculate that this was due to the mechanical constraint of 
lymphedema that mainly accumulated around the knee. The 
multilayer bandaging further limited the maximal ROM of 
the knee, and it also impacted walking by limiting the ROM 
of the knee and the ankle.

A reduced motion capacity of the upper limb also has 
important implications. The upper limb function allows for 
complex task accomplishment in reaching, prehension, and 
manipulation, with the main effector being the hand. The 
wrist, elbow, and shoulder place the hand in space. We have 
shown that lymphedema per se limited the prono-supination 
of the forearm presumably because of the fibrotic tissue 
identified through the palpation of the skin. The multilayer 

Fig. 3   Box-and-whisker plot representing the median (line within 
the box), the interquartile range (length of the box), the 90th and the 
10th percentiles (whiskers above and below the box) of the maximal 
ROM of the ankle (A) and its two components: the extension (B) and 
the flexion (C) of the healthy limb (H, white); the lymphedematous 
limb (L, red) and the bandaged lymphedematous limb (B, blue). Box-
and-whisker plot representing the median (line within the box), the 

interquartile range (length of the box), the 90th and the 10th percen-
tiles (whiskers above and below the box) of the ROM of the ankle (D) 
and its two components: the extension (E) and the flexion (F) during 
walking on the treadmill of the healthy limb (H, white); the lymphe-
dematous limb (L, red), and the bandaged lymphedematous limb (B, 
blue). **p < 0.01 vs H; °°p < 0.01 vs L
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bandaging strongly limited the maximal ROM of the elbow 
(because of flexion limitation), the wrist (because of exten-
sion limitation), and the forearm rotation. It also restricted 
elbow motion during the dynamic test. The compression gar-
ment limited the elbow during maximal and dynamic ROM 
and the rotation of the forearm.

For the first time, we have provided objective data on the 
functional status of the affected limb, showing movement 
limitations and asymmetries compared to the contralateral 
healthy limb. Asymmetric limb movement can lead to a 
range of biomechanical and functional issues, as compen-
satory mechanisms may develop. These compensations can 
result in abnormal loading of joints, muscle imbalances, and 
altered gait or posture [40–43]. Because lymphedema is a 
chronic condition, such adaptations may increase the risk of 
overuse injuries, joint degeneration, and chronic pain over 
time. Persistent asymmetry can hinder functional recovery, 
reduce the overall efficiency of the movement, and ulti-
mately affect the individual’s quality of life and ability to 
perform daily activities. For these reasons, our attention to 
the ROM in joints affected by lymphedema is essential for 
several clinical and therapeutic reasons. A strength of our 
protocol was testing four different conditions. The compari-
son with the contralateral healthy limb allowed highlighting 

the presence of asymmetries that the patients must compen-
sate for during their daily activities. The asymmetry found 
when the lymphedematous limb was bandaged provided 
insight into what happens to the patient during phase I of 
complex decongestive therapy. Complex decongestive ther-
apy is recommended for patients to be treated at least once 
a year, five times per week, one session per day, for several 
weeks (typically 2 or 3). In the remaining days of the year 
and for all day, patients should wear elastic compression gar-
ments, which fit like a second skin, to maintain the swelling 
reduction achieved with complex decongestive therapy [1, 
9, 11, 13]. The asymmetry found when the patients wore 
the elastic garment provided insight into what happens to 
the patient during the maintenance phase. The use of the 
elastic garment depends on the compliance of the patients 
[44, 45]. The asymmetry found when the lymphedematous 
limb was naked provided insight into what happens to the 
patient when they deliberately decide not to use the elastic 
garment. Therefore, the four conditions we analyzed cover 
all the different situations a lymphedematous limb experi-
ences over time. Although we have tested a few movements, 
we have considered the body’s natural movement patterns, 
particularly for the lower limb (i.e., walking). Future studies 
should be addressed to study functional movements of the 

Table 2   Data regarding age, sex, tumour, lymphedema characteristics, and compression garment specifications for the cases involving the upper 
limbs

Age (years) Sex Lymhedema Compression garment

Type Severity Tumor Realization Type of knit Compression 
class

Product

72 F Secondary Moderate Mammary Standard Circular II Glove + sleeve
65 F Secondary Moderate Mammary Standard Flat II Glove + sleeve
57 F Secondary Mild Mammary Standard Flat II Glove + sleeve
68 F Secondary Moderate Mammary Standard Flat II Glove + sleeve
53 F Secondary Moderate Lymphoma Custom-sized Flat II Sleeve
58 F Secondary Severe Mammary Standard Flat II Glove + sleeve
62 F Secondary Severe Mammary Standard Flat II Glove + sleeve
57 F Secondary Severe Mammary Standard Flat II Glove + sleeve
53 F Secondary Moderate Mammary Standard Flat II Glove + sleeve
67 F Secondary Mild Mammary Standard Flat II Glove + sleeve
52 F Secondary Mild Mammary Standard Flat II Glove + sleeve
77 F Secondary Moderate Mammary Standard Flat II Glove + sleeve
61 F Secondary Severe Mammary Standard Flat II Glove + sleeve
75 F Secondary Moderate Mammary Standard Circular II Glove + sleeve
53 F Secondary Mild Mammary Standard Flat II Glove + sleeve
51 F Secondary Moderate Mammary Standard Flat II Glove + sleeve
46 F Secondary Severe Mammary Standard Flat II Glove + sleeve
37 F Secondary Moderate Mammary Standard Flat II Glove + sleeve
91 F Secondary Severe Mammary Standard Flat II Glove + sleeve
45 F Secondary Moderate Mammary Standard Flat II Glove + sleeve
70 F Secondary Moderate Mammary Standard Flat II Glove + sleeve
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upper limb that mimic real-world activities and use of mul-
tiple joints and planes of motion, such as grasping, pointing, 
lifting, pushing, and pulling.

Limitations of the study

Considering only the kinematics of the movement, without 
considering the forces and pressures involved and there-
fore the mechanics of the movement, was one limit of this 
study. Also, we have not computed the most important kin-
ematic parameters (i.e., mean step length, gait line length, 
and cadence variability) during walking. This was a simple 
attempt to analyze walking in these patients, considering 
also that limited studies on the gait analysis in patients with 
lower limb lymphedema are available. As recently shown in 
a review article, only five articles considered walking and 
lower limb lymphedema. Of these, only two studies used gait 

analysis, while the other studies used videos and question-
naires [46]. Future studies should be dedicated to the gait 
analysis of these patients to better understand the biome-
chanics of walking in these patients, which could improve 
clinical knowledge and, consequently, the quality of life 
[46]. Our study represents an initial attempt to analyze gait 
in patients with lower limb lymphedema in relation to band-
aging and is limited by its exploratory nature.

We deliberately kept the protocol of analysis simple to 
provide benchmarks to the clinicians. Although motion 
analysis systems are the gold standard for ROM assessment, 
they are not available to all clinicians due to their high cost, 
technical complexity, and the need for specialized training 
and equipment. Traditionally, in physical therapy, the ROM 
of a joint is measured by a goniometer, with each arm posi-
tioned at specific points on the body and the center of the 
goniometer aligned at the joint of interest [26]. Our protocol 

Fig. 4   Box-and-whisker plot representing the median (line within 
the box), the interquartile range (length of the box), the 90th and the 
10th percentiles (whiskers above and below the box) of the maximal 
ROM of the elbow (A) and its two components: the extension (B) 
and the flexion (C) of the healthy limb (H, white); the lymphedema-
tous limb (L, red), the bandaged lymphedematous limb (B, blue), 
and the lymphedematous limb wearing the elastic garment (G, gray). 
*p < 0.05 vs H; °p < 0.05 vs L; ^p < 0.05 vs G. Box-and-whisker plot 

representing the median (line within the box), the interquartile range 
(length of the box), the 90th and the 10th percentiles (whiskers above 
and below the box) of the ROM of the wrist (D) and its two compo-
nents: the extension (E) and the flexion (F) of the healthy limb (H, 
white); the lymphedematous limb (L, red), the bandaged lymphedem-
atous limb (B, blue), and the lymphedematous limb wearing the elas-
tic garment (G, gray). *,***p < 0.05, 0.001 vs H; °,°°°p < 0.05, 0.01 vs 
L;  ,^^^p < 0.05, 0.01 vs G
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of marker positioning and data analysis, therefore, was close 
to this kind of measurement. Surrogate tools such as inertial 
measurement units are valuable because they provide acces-
sible, cost-effective, and portable alternatives to traditional 
motion analysis systems. These surrogates would enable cli-
nicians to quantitatively assess movement in a wider range 
of settings, including the compressive therapy [33].

Another limitation of the study was the low number of 
severe cases of lymphedema. Our results are therefore polar-
ized towards milder forms. However, the lower incidence of 
severe lymphedema reflects the epidemiology of the condi-
tion. Indeed, early diagnosis, improved surgical techniques, 
immediate lymphatic reconstruction, increased awareness, 
and patient education contribute to earlier intervention, 
which can mitigate the progression to more advanced stages 
of lymphedema [47–49]. Future studies on larger popula-
tions should be aimed at stratifying the motion and the kin-
ematics of lymphedematous limbs according to severity.

Being a single-operator study is an important limitation 
of our study. Our results on the effect of the compression 
bandaging cannot be considered universal because one of 
the primary challenges associated with lymphatic bandag-
ing is its operator-dependent nature. The effectiveness of 
lymphatic bandaging relies heavily on the clinician’s skill 
and experience. The extent of permitted movement depends 
on factors such as the materials used, the type of bandage, 
the technique of application (i.e., layering, tensioning, and 
positioning of the bandages), and the level of compres-
sion exerted. An optimal bandaging technique should be 
a balance between providing adequate compression while 

allowing sufficient functional mobility to promote muscle 
pump activity, which is essential for effective lymphatic 
drainage. Excessive restriction may hinder active movement, 
reduce patient compliance, and negatively impact rehabili-
tation outcomes [27, 50, 51]. We have shown that bandag-
ing can introduce important limitations to the joints during 
maximal movement and walking or dynamic rotation of the 
upper limb. Physiotherapists, therefore, must be aware of the 
movement restriction induced by their bandaging, as it can 
significantly influence both functional mobility and thera-
peutic outcomes. The subjectivity of the bandage technique 
limits standardization, and it may affect treatment outcomes 
and reproducibility across different practitioners. For this 
reason, future studies should be focused on evaluating differ-
ent operators and different kinds of bandages [52]. However, 
we used a marking system on the bandage for tension control 
to help apply a consistent level of compression to reduce 
operator variability, therefore ensuring more consistent pres-
sure application.

Another limitation of this study was that we evaluated 
only the acute effect (i.e., immediately after the applica-
tion) of the bandage. It would be interesting to repeat the 
same evaluations (1) before bandage removal, to assess its 
effectiveness over time; (2) immediately after its removal, 
to verify whether ROM changes are already observable; and 
(3) at the end of the intensive treatment, after 10–15 days.

The last limitation was considering the compression gar-
ments only for the upper limb. However, these are the first 
results reported on the effect of compression bandaging in 
lymphedema. Understanding how compression garments 

Fig. 5   Box-and-whisker plot representing the median (line within the 
box), the interquartile range (length of the box), the 90th and the 10th 
percentiles (whiskers above and below the box) of the dynamic ROM 
of the elbow (A) of the healthy limb (H, white); the lymphedema-
tous limb (L, red), the bandaged lymphedematous limb (B, blue), 
and the lymphedematous limb wearing the elastic garment (G, gray). 
**p < 0.01 vs H; °°p < 0.01 vs L. Box-and-whisker plot representing 

the median (line within the box), the interquartile range (length of the 
box), the 90th and the 10th percentiles (whiskers above and below the 
box) of the ROM of the pronation-supination of the forearm (B) of 
the healthy limb (H, white); the lymphedematous limb (L, red), the 
bandaged lymphedematous limb (B, blue), and the lymphedema-
tous limb wearing the elastic garment (G, gray). ***p < 0.001 vs H; 
°°°p < 0.01 vs L; ^^^p < 0.001 vs G
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work is crucial because they represent a cornerstone of the 
treatment during the maintenance phase of complex decon-
gestive therapy that must be worn daily.

Although we also included five patients with primary 
lower limb lymphedema, this does not represent a limita-
tion, as the etiology was shown not to be a discriminating 
factor [16, 53], and this was also confirmed in our set of 
data. Our analyses demonstrated that patients with primary 
and secondary lymphedema showed comparable clinical and 
functional behavior across the outcomes investigated. Our 
inclusive approach with primary lymphedema was meant to 
increase knowledge of this rare condition, which remains 
insufficiently explored in literature, and it is often under-
represented in clinical research.

Conclusions

For the first time, the effects of lymphedema and its treat-
ment on the ROM of the joints of both the lower and upper 
limbs were measured. The results highlight significant 
restricted effects of lymphedema, compression bandag-
ing, and elastic garments on joint movement, with poten-
tial impact on patients’ ability to perform daily activities. 
Although these results applied only to the type of bandage 
that we used, we have shown that lymphatic bandaging 
directly influences the degree of movement permitted in the 
bandaged limb and introduces asymmetric movements. The 
subjectivity of the bandage technique limits standardization. 
Physiotherapists must be aware of the movement restriction 
induced by their bandaging. Understanding these biome-
chanical constraints is crucial for developing individualized 
rehabilitation plans to balance effective lymphedema man-
agement with the preservation of functional independence 
and quality of life. Regular ROM assessments can be crucial 
for designing individualized rehabilitation programs aimed 
at preserving or restoring joint function, preventing second-
ary complications such as contractures or musculoskeletal 
imbalances, and monitoring the effectiveness of therapeutic 
interventions over time and supporting evidence-based clini-
cal decision-making.
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