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Complete decongestive therapy versus 
compression bandaging alone in advanced 
secondary lymphedema

Abstract
Background. Secondary lymphedema results from a known insult to the lymphatic system. Worldwide, secondary lymphedema is more common 
than primary lymphedema. Compression therapy is the mainstay of management for all stages of lymphedema. 
Purpose. To compare between the effectiveness of compression bandaging (CB) alone to the international standard treatment of (CDT) in 
patients with advanced secondary lymphedema.
Methods. Sixty patients of both genders with lower limb secondary lymphedema (stage II and III) aged from 40 to 55 years old, with body mass 
index (BMI) less than 35 and duration of illness ranged from 3‑9 years were included in the study. They were randomly assigned into two groups 
of equal numbers. Group A: Thirty patients received CDT (Manual lymph drainage, CB, exercises, and skin care). Group B: Thirty patients 
received MCB using short stretch bandages alone. The treatment sessions consisted of twelve sessions, three times per week for a total duration 
of four weeks. The assessment of limb volume was done using water displacement method and truncated cone volumetric measurements (pre‑
treatment and after 12 sessions (post‑treatment)). 
Results. Within both groups, there was a signi]icant reduction in water displacement volumetric measurements pre vs. post treatment in groups 
(A& B) p‑value = 0.0001, p‑value = 0.0001 respectively. As well, there was a signi]icant reduction in truncated cone lower extremity volumetric 
measurements between pre and post treatment in groups (A & B) p‑value = 0.0001, p‑value = 0.028 respectively. However, there were no 
signi]icant differences in the mean values of water displacement volumetric measurements and truncated cone mean volumetric values between 
both groups (p = 0.835, p = 0.397) respectively.
Conclusion. Compression bandaging alone is as effective as complete decongestive therapy in advanced secondary lymphedema.
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Streszczenie
Informacje wprowadzające. Wtórny obrzęk limfatyczny wynika z uszkodzenia układu limfatycznego. Na całym świecie wtórny obrzęk 
limfatyczny występuje częściej niż obrzęk limfatyczny pierwotny. Terapia uciskowa jest podstawą leczenia we wszystkich stadiach obrzęku 
limfatycznego. 
Cel. Porównanie skuteczności samego bandażowania uciskowego (CB) z międzynarodowym standardem leczeniem (CDT) u pacjentów z 
zaawansowanym wtórnym obrzękiem limfatycznym.
Metody. Do badania włączono 60 pacjentów obu płci z wtórnym obrzękiem limfatycznym kończyn dolnych (stadium II i III) w wieku od 40 do 55 
lat, ze wskaźnikiem masy ciała (BMI) poniżej 35 i czasem trwania choroby od 3 do 9 lat. Pacjenci zostali losowo przydzieleni do dwóch równych 
grup. Grupa A: Trzydziestu pacjentów poddawanych CDT (ręczny drenaż limfatyczny, CB, ćwiczenia i pielęgnację skóry). Grupa B: Trzydziestu 
pacjentów poddawanych MCB przy użyciu samych bandaży o krótkim rozciągnięciu. Leczenie składało się z dwunastu sesji, trzy razy w 
tygodniu, przez łączny czas czterech tygodni. Ocenę objętości kończyny wykonano metodą wypierania wody i pomiarów objętościowych 
ściętego stożka (przed leczeniem i po 12 zabiegach (po leczeniu)). 
Wyniki. W obu grupach zaobserwowano istotne zmniejszenie pomiarów objętościowych na skutek wypierania wody przed i po leczeniu w 
grupach (A i B) wartość p=0,0001, wartość p = 0,0001, odpowiednio. Ponadto, wystąpiło znaczące zmniejszenie pomiarów objętościowych 
ściętego stożka kończyn dolnych przed i po leczeniu w grupach (A i B) wartość p = 0,0001, wartość p = 0,028, odpowiednio. Nie było natomiast 
istotnych różnic w średnich wartościach pomiarów objętościowych na skutek wypierania wody i średnich wartości objętościowych stożka 
ściętego między obiema grupami (p = 0,835, p = 0,397, odpowiednio).
Wniosek. Bandażowanie uciskowe jest tak samo skuteczne jak kompletna terapia zmniejszająca przekrwienie w zaawansowanym wtórnym 
obrzęku limfatycznym.
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Introduction
Lymphedema is a prolonged build­up of protein­rich intersti‐
tial fluid caused by a disturbed lymphatic drainage system [1]. 
Secondary lymphedema is characterized by a blockage or di‐
sruption of lymphatic flow. Malignant tumors, trauma, surge‐
ry, and radiation all contribute to secondary lymphedema [2]. 
According to numerous studies, lymphedema can develop 
after cancer therapy in up to 50% of patients [3]. It can also 
happen as a result of any cancer that causes lymphatic drainage 
problems. Filariasis is the most common cause of secondary 
lymphedema around the world [4]. Lower extremity lymphede‐
ma is more prevalent than upper extremity lymphedema, and 
it's often linked to infections, rapamycin therapy in renal failure 
patients, obesity, and malignancies such uterine cancer, prostate 
cancer, lymphoma, and melanoma [5]. 
Compression therapy is widely acknowledged as one of the 
most effective treatments for venous and lymphatic disorders. 
Short­stretch compression bandages (CBs) exert a relatively 
low resting pressure on the limb at rest and maintain their inte‐
grity when the muscles contract against the bandages, enhan‐
cing lymph pumping/flow and venous flow, reducing capillary 
filtration, and resulting in further edema reduction [6].
Complete decongestive therapy (CDT) consists of two stages 
of treatment. Skin care, Manual Lymph Drainage (MLD), 
exercises, and multi­layered bandage compression are all part 
of the initial step. The second stage's purpose is to optimize 
and maintain the volume reduction achieved in the first. Com‐
bining skin care and exercises with a low­stretch elastic gar‐
ment achieves this [7]. 
Compression is the most important component of (CDT) and 
cannot be replaced by any other modality [8]. 
Clinically, CDT takes a long time to perform, but compression 
bandaging (CB), which is a component of CDT, takes only 
a few minutes and can even be done by patients with minimal 
training, and it has been shown in previous randomized con‐
trolled trials that CB is an effective method for treating lym‐
phedema on its own [9­10]. 
Up till now there was little randomized studies to compare be‐
tween CDT and MCB or other conservative therapies on limb 
volume in advanced limb secondary lymphedema. It was hy‐
pothesized that there would be significant difference in the 
limb volume of patients with advanced secondary upper and 
lower limb lymphedema due to use of complete decongestive 
therapy rather than to compression bandaging alone. So, this 
randomized controlled study was designed to if complete de‐
congestive therapy intervention has an effect better than com‐
pression bandaging on limb volume in patients with advanced 
secondary lower extremity lymphedema.

Subjects and methods
Design
This randomized controlled trial study was conducted at De‐
partment of Plastic Surgery, Kasr Al­Ainy Hospital, Cairo, 
Egypt, between January 2020 and June 2020. The current study 
has been approved by Ethics Committee of Human Scientific 
Research of the Faculty of Physical Therapy at Cairo Universi‐
ty before study commencement [No. P.T.REC/012/00227I]. 

Participants
Sixty patients of both genders with secondary lower limb lym‐
phedema (stage II and III), aged from 40 to 55 years old, BMI 
less than 35 and duration of illness ranged from 3­9 years were 
included in the study. While patients were excluded if they 
had: active cellulitis, superficial thrombophlebitis, deep vein 
thrombosis and decompensated heart failure. 

Randomization
The randomization was carried out by assigning the odd num‐
bers to group (A) (n = 30) and the even numbers were assigned 
to group (B) (n = 30). Group A: Thirty patients (21 females 
and 9 males) received complete decongestive therapy. Group 
B: Thirty patients (24 females and 6 males) received compres‐
sion bandaging alone. 
Following randomization, there was no dropping out of sub‐
jects from the study. A flow chart of patients' recruitment thro‐
ughout the study is shown in fig. 1. The figure shows that 66 
patients were initially screened and after those 60 patients were 
eligible to participate in the study.

Interventions 
The actual treatment procedures of this study were divided into 
2 procedures: complete decongestive therapy (CDT) and com‐
pression bandaging (CB) alone. The treatment interventions 
continued for 4 weeks (3 days per week) for a total of 12 ses‐
sions. The same compression bandaging scheme was applied 
in both groups and the patients were instructed to keep the 
bandages on till the next session.
Group A (CDT group) It included manual lymphatic drainage, 
short stretch compression bandaging, exercises and meticulous 
skin care [11].
Manual lymphatic drainage, through Vodder Method. The pa‐
tients were in the supine position and the initial step begins 
with stimulation of the central/proximal areas before massa‐
ging the edematous regions, for lymphedema of lower limbs, 
proceeds to progressive manual decongestion of the trunk, hip, 
groin, leg, and more distal regions. The session continued for 
60 min for each patient.
Meticulous skin care. Thorough cleaning of the limb and dry‐
ing then a moisturizing cream e.g., panthenol cream were ap‐
plied on the skin.
Compression bandaging, After MLD, applying multilayer, 
short­stretch CBs to the lymphedematous extremity. The pa‐
tients first wear a stockinette, then a sponge piece was custo‐
mized on the limb to ensure uniform pressure distribution then 
multiple layers of minimally elastic cotton bandages were ap‐
plied.
Exercises: The patients were instructed to do a low­aerobic 
exercise such as a brisk walk for one hour daily while the 
short­stretch bandages were on.
Group B (CB group): multi­Layer of short­ stretch cotton com‐
pression bandages of different sizes 6 cm, 8cm, 10 cm and 
12 cm were applied sequentially from the distal limb to the 
groin. The patients first wear a stockinette, then a sponge piece 
was customized on the limb to ensure uniform pressure distri‐
bution. Compression was done by a certified lymphedema 
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physiotherapist and by the same therapist for all patients. The 
bandages were maintained till the administration of the next 
session. Compression bandages were applied sequentially 
from the distal limb to the groin. 

Outcome measures
Truncated cone for the lower extremity volumetric measurement
A total of 11 marks were made on the skin, starting from the 
proximal tip of the lateral malleolus and then at every 4­cm 
proximally for the length of the leg. Dividing the limb into 10 

segments, each of the segments is considered as “mini” cone 
and the volume of each segment can be estimated by the trun‐
cated cone formula. All the segments were summed to get the 
volume of the limb pre­treatment, after 12 sessions or after 
completion of the physical therapy program (post treatment). 
The volume of the lymphedema­affected extremities was de‐
termined using the formula for the volume of a truncated cone 
based on the measurements of the circumferences. The follo‐
wing formula was used to calculate the volume of specific seg‐
ments:

Figure 1. Flow chart of the study

Truncated cone formula

Table 1. Truncated cone for the lower extremity

V = h × (C2 + C × c + c2) / (12 × π)

Where V is the volume of a segment, C = proximal circumference and c = distal circumference the circumferences (in cm), and h is the 

height of cone or distance between circumferences (C, c) being constant 4 cm [7].

Water displacement volumetric measurement
According to Archimedes' law, the amount of water the limb 
displaces when immersed in a tank is equal to the volume of 
the limb. The patient placed the distal part of the affected lo‐
wer extremity in the volumeter once the water level was stabi‐
lized, and the displaced water was collected and measured in 
a graduated cylinder. The volume of the immersed portion is 
equal to the amount of water displaced in milliliters [12].

Statistical analysis
SPSS for Windows, version 23 was used for statistical analysis 
(SPSS, Inc., Chicago, IL). Data were checked for normality, 
homogeneity of variance, and the existence of extreme scores 
before final analysis. This investigation was carried out as 
a prerequisite for the examination of difference's parametric 
computations. For each of the observed dependent variables, 
descriptive analysis utilizing histograms with the normal distri‐
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bution curve revealed that the data were normally distributed 
and did not violate the parametric assumption. Shapiro­test 
Wilk's revealed that water displacement volumetric measure‐
ment and truncated cone lower extremity volumetric measure‐
ment, were regularly distributed (p > 0.05). All variables had 
homogeneity of variances, as measured by Levene's (p > 
0.05). As a result, the 2x2 Mixed MANOVA test was perfor‐
med to compare the investigated variables of interest across 
two groups at various measurement times. The original alpha 
value was set at 0.05.

Results 
Participant characteristics:
Table 2 showed the mean ± SD of subject characteristics and 
duration of illness of both groups. There were no significant 
differences in the mean values of age, BMI, and illness dura‐
tion (p > 0.05). Also, there was no significant difference be‐
tween both group regarding sex distribution (p = 0.371).

There was no significant difference between both groups in 
water displacement volumetric measurement and truncated co‐
ne lower extremity volumetric measurements pretreatment (p = 
0.14) and (p = 0.099) respectively. 
Within both groups, there was a significant reduction in water di‐
splacement volumetric measurements pre vs. post treatment in gro‐
ups (A& B) p­value = 0.0001, p­value = 0.0001 respectively. As 
well, there was a significant reduction in truncated cone lower 
extremity volumetric measurements between pre and post treatment 
in groups (A & B) p­value = 0.0001, p­value = 0.028 respectively.
Considering water displacement volumetric measurement, 
multiple pairwise comparison tests (post hoc tests) revealed 
that there was no significant difference in the mean values after 
12 sessions (posttreatment) between both groups (p = 0.835). 
On truncated cone lower extremity volumetric measurements, 
multiple pairwise comparison tests revealed that there was no 
significant difference in the mean volume values between both 
groups after 12 sessions (posttreatment) (p = 0.397) (Table 3). 

Items Group (A) / n = 30
Mean ± SD

Group (B)/ n = 30
Mean ± SD

P­value

Table 2. Demographic data of participants in both groups

Age [years]

BMI [kg/m2]

Duration of illness [years]

Sex:

Male

Female

44.9 ± 9.99

34.17 ± 6.25

6.7 ± 3.12

9 (30%)

21 (70%)

45.8 ± 9.77

32.04 ± 6.49

6.63 ± 3.26

6 (20%)

24(80%)

0.726NS

0.201NS

0.936NS

χ2 = 0.8 P = 0.371

NS = non­significant (p > 0.05), p = probability 

Results

Group (A) 
Mean ± SD

Group (B)
Mean ± SD

p­value

Table 3. Water displacement and truncated cone volumetric measurements mean scores of both groups

Pre­treatment

Post treatment 

P­ Value

Pre­treatment

Posttreatment

P­ Value

10706.66 ± 2090.52

7893.33 ± 1812.77

0.0001S

23414.01 ± 6946.10

19251.63 ± 5437.43

0.0001S

9280.00 ± 4788.44

7703.33 ± 4632.23

0.0001S

19504.74 ± 10734.27

17538.34 ± 9561.28

0.028S

0.14NS

0.835NS

0.099NS

0.397NS

S = Significant. NS = non­significant. SD: standard deviation. P­value: probability value

Water Displacement

Volumetric Measurement

Truncated cone volumetric 

measurements

Discussion
According to various studies, compression is the first line of tre‐
atment since pressure is the most essential component in edema 
reduction [13­16].
Compression has several impacts, including shape and volume 
restoration, skin changes improvement, lymphorrhoea elimina‐
tion, and softening of subcutaneous tissue. For the treatment of 

acute deep vein thrombosis, chronic venous insufficiency, and 
lymphedema, compression therapy is strongly suggested [6]. Ac‐
cording to the findings of this study, both groups demonstrated 
considerable reductions in water displacement volumetric measu‐
rement and truncated cone circumferential based volumetric me‐
asures. Our research confirms previous findings about the efficacy 
of CB therapy alone. Two studies [17, 18] which investigated 
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compression bandaging. These studies demonstrated a volume 
reduction of 38 ml [17] and (4% oedema) [18] respectively. Ti‐
dhar et al, [19], investigated 30 patients who were taught how to 
self­bandage (27 women and 3 males). In their study, patients 
who were taught bandage techniques and procedures saw signifi‐
cant lymphedema reductions, supporting bandaging's efficacy as 
an anti­edema treatment. Compression bandaging is thought to 
have the following effects:
• Reduction of the lymphatic water load by normalizing a patho‐
logically elevated ultra­filtration.
• Increased lymph production due to increased input of tissue flu‐
id into lymph capillaries.
• Increased lymph flow in still­functioning lymph veins, especial‐
ly when paired with activity. The literature offers very few papers 
which compare compression therapy to a complete decongestive 
therapy. The results of this study were consistent with the study of 
Ewa et al., [20], Dayes et al. [21] and McNeeley et al., [14] as fol‐
lows. Ewa et al., [20], in their study included 103 patients (85 
women and 18 men) aged 60­ 80 years, with unilateral lower limb 
lymphedema. The subjects were divided into two groups: 50 tre‐
ated with CDT and 53 with MCB. Lymphedema was reduced in 
both groups, CDT and MCB. What is more, the level of improve‐
ment in patients from either of the groups did not differ signifi‐
cantly, which may indicate a similar efficacy for both methods. 
In 38 females with upper limb lymphedema who had previously 
been treated for breast cancer, Dayes et al. [21], observed identi‐
cal outcomes in a group of 56 patients (mean age: 60 years) who 
got CDT and a group of 39 persons (mean age: 59 years) who 
received standard elastic compression garments. Both groups 
experienced a reduction in lymphedema in their study, However 
the difference in percentage was not statistically significant. 
McNeeley et al., [14] found that four weeks of CB, with or wi‐
thout MLD, resulted in a significant reduction in lymphedema 

volume, and there was no statistically significant difference be‐
tween the volume reduction achieved by treatment with or without 
MLD. On the other hand, the findings of the current study were 
opposite to the study of Johansson et al., [18], even though the me‐
thodology varied. Johansson et al., [18], investigated 38 females 
with upper limb lymphedema who had previously been treated for 
breast cancer, examined the benefits of low stretch MCB alone 
(MCB group, 18 participants, mean age: 64 years) and combined 
with manual lymph drainage (MCB + MLD; 20 subjects, mean 
age: 58 years). During the first two weeks of CB treatment, there 
were significant reductions in lymphedema volume. The CB treat‐
ment did not result in a substantial reduction in the third week. 
Manual lymph drainage, on the other hand, had a beneficial effect. 
There was a significant difference (p = 0.04) in the additional per‐
centage volume reduction impact of MLD (11%) over CB (4%). 

Study limitations 
The study was limited by extraneous factors that may have in‐
terfered with the results of this study, these factors are related 
to variations in lifestyle between patients as activity level, be‐
ing working/non­working.

Conclusion 
It was concluded that MCB is the most important component 
of CDT without it maximum lymphedema reduction cannot be 
reached. In addition, CB could be used alone effectively there‐
by reducing the cost and time of CDT treatment.
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