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Abstract

Introduction. Lymphoedema is a serious health problem that impairs functional performance. The study aim was to explore
the effects of modified complex decongestive therapy (MCDT) on lower limb oedema, skin layer thickness, and functional capacity
in patients with unilateral lower limb secondary lymphoedema.

Methods. Overall, 49 patients (30 women and 19 men) with unilateral lower limb secondary lymphoedema were divided into
the MCDT group and the traditional physical therapy (TPT) group and received the assigned treatment for 8 weeks. Limb girth
and skin layer thickness at 4 levels and functional capacity were measured before and after the programs with limb round
measurements, ultrasonography, and the 6-minute walking test, respectively.

Results. The oedema significantly decreased at the levels of 5th metatarsal head, medial malleolus, 20 cm below, and 20 cm
above the patella by 19.2%, 28.34%, 16.57%, and 12.08% in the MCDT group and by 13.47%, 15.27%, 8.78%, and 7.15% in the
TPT group. The skin thickness decreased significantly at the levels of foot, medial malleolus, mid-calf, and mid-thigh by 70.32%,
63.32%, 31.82%, and 15.46% in the MCDT group and by 54.4%, 37.26%, 21.02%, and 9.12% in the TPT group. The 6-minute
walking test score increased significantly by 9.84% in the MCDT group and by 5.52% in the TPT group. The post-study results
comparison of the 2 groups revealed statistically significant differences in all outcome measures (p > 0.05) in favour of the
MCDT group.

Conclusions. MCDT yielded higher significantly favourable effects than TPT in patients with lower limb secondary lymphoedema.
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Introduction

Lymphoedema is a serious chronic health problem char-
acterized by impaired lymphatic system function that leads
to accumulation of the lymphatic fluid within the tissues [1].
Lymphoedema, affecting millions of patients globally, is com-
monly misdiagnosed and incorrectly managed [1, 2]. It occurs
in females more often than in males and is usually presented
in a progressive unilateral, distal to proximal pattern. Second-
ary lymphoedema is a slowly progressive disorder that harm-
fully affects the subject’s physical, as well as psychological
functions [3], starting with leg pains and aching, diminished
walking ability and participation in social events, chronic dis-
comfort, deformity, easy fatigability [4], impaired ability to per-
form daily functional activities, deteriorated quality of life, re-
duced self-esteem and body image [5].

Dependency on ambulation makes the lower limb lymph-
oedema more severely debilitating than upper limb one [3],
especially when considering the progressive nature of the
protein-rich fluid stagnation that characterizes lower limb
lymphoedema [6]. Although there is no cure for lymphoe-
dema at this time, effective treatment procedures are avail-
able [7], usually using classical massage techniques, limb
positioning, and electrotherapy modalities [8]. In spite of the
growing attention towards lymphoedema, the affected sub-
jects are still in need for more care [9], and adequate treat-
ment is required to reduce the lymphoedema-associated
physical, psychological, and economical burdens [7].

Despite the recent advance in lymphoedema manage-
ment, the effectiveness of many therapeutic procedures is still
underestimated; this may be in part due to a limited number
of high quality studies in this field [10]. The frequently de-
scribed therapeutic regimens usually consist of 2 phases: the
initial acute phase, which typically involves complex decon-
gestive therapy (CDT) [11], and the second phase — a self-
directed maintenance phase that emphasizes the patient’s
education on self-care and adherence to the therapeutic
regimen to obtain the required treatment outcomes [12].

CDT is an effective approach utilized in the treatment of
lymphoedema [13]; it enhances the normal lymph flow [14].
CDT stands as a cornerstone in the treatment of lymphoe-
dema because of its desirable effects on the limb volume
and quality of life [15]. It combines manual lymph drainage,
bandaging, exercise therapy, and skin care [6, 11].

In spite of the recent progress in lymphoedema treatment,
further studies are still required to provide sufficient data re-
garding the efficiency of CDT in the treatment of lymphoede-
ma [14] and to explore short- and long-term effects of CDT
in patients with lower limb secondary lymphoedema (LLSL)
[16]. Therefore, the objective of the current study was to ex-
plore the effects of the modified CDT (MCDT) technique on
lower limb oedema, skin layer thickness, and functional ca-
pacity in patients with unilateral LLSL.
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Subjects and methods
Study design

This study was designed as a randomized controlled trial.
The clinical part of the study was conducted between April
2016 and November 2017.

Subjects

A total of 49 volunteer patients (30 women and 19 men)
with unilateral (67.35% right, 32.65% left) LLSL were recruited
from Kasr El Ainy Hospital, Egypt to be enrolled in this study.
Included were patients aged 40-60 years, ambulant, with
established unilateral LLSL (stage Il, Ill) in accordance with
the International Society of Lymphology guidelines [1]. The
predetermined exclusion criteria were the following: primary
lymphoedema, previous lymphatic reconstructive or debulk-
ing procedures, CDT within the previous 6 months, acute
inflammation, deep venous thrombosis, active infections,
exercise-limiting cardiovascular or neuromuscular diseases,
congestive heart failure, chronic kidney diseases, liver dis-
eases, hypertension, or history of psychological or psychiat-
ric disturbances. All patients were informed in detail about
the study purpose, risks, and procedures.

Randomization

After medical counselling, each patient was randomly as-
signed to either of the 2 groups: the traditional physical therapy
(TPT) group or the MCDT group, by opening an opaque en-
velope containing a randomly generated number. The Re-
search Randomizer software (https://www.randomizer.org)
was used in the process of generating random numbers (in
which the desired number of sets/groups was 2 and the re-
quested number of patients per each set was specified as 25,
with the total patient number of 50) to allocate patients into
either TPT treatment (n = 25) or the MCDT group (n = 24), as
shown in Figure 1.

Assessment procedures

The assessment process began after the first contact with
the patient, in which the physical therapy evaluation sheet
was filled in with individual patient data, including: personal
data, data about lymphoedema (cause, year of diagnosis,
medications taken), vital signs, and physical examination of
cardiac and pulmonary systems. All patients underwent the
same evaluation procedures before starting and after finish-
ing the treatment program. The lower limb oedema girth (cm),
skin layer thickness (mm), and functional capacity (m) (6-min-
ute walking test [BMWT]) were the main evaluated pre- and

Screened eligible participants with lower limb
secondary lymphoedema (n = 49)

Figure 1. Flow chart of the study
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post-study outcomes. The assessors were blind to the pa-
tients’ group allocation and treatment regimen throughout
the study. The therapists were blind to the assessment pro-
cess and outcome measures throughout the study. Each
patient was closely monitored for any alarming signs through-
out the study. For patient safety, it was planned to terminate
the evaluation or treatment session if blood pressure reached
200/110 mm Hg or heart rate reached 80% of predicted max-
imum heart rate (220 — age) [17].

Assessment of the oedema (limb girth)

Lower limb circumference (cm) was evaluated by the same
assessor in all patients by using a flexible, plastic, non-stretch-
able tape, in accordance with the previously published guide-
lines [18], at 4 anatomical levels: the 5" metatarsal head
(the dorsum of the foot), medial malleoli, 20 cm below, and
20 cm above the superior pole of the patella.

Assessment of the skin layer thickness

Skin and subcutaneous tissue layer thickness (mm) for
all patients was scanned with ultrasonography (GE Voluson
Pro, high-frequency 22 MHz; China) by a single examiner
following the same scanning protocol. After a 10-minute rest
in a relaxed horizontal position, the lower limb was scanned
at 4 anatomical sites along the medial aspect of the lower
limb: the 5" metatarsal head (the foot level), medial to me-
dial malleolus, medial to mid-calf, and mid-inner side of the
thigh [19].

Assessment of the functional capacity (6MWT)

The 6MWT was performed in accordance with the pre-
viously published guidelines [20] in a 40-m flat corridor. The
patient was asked to walk freely in their maximum pace for
6 minutes, without running along the corridor. Heart rate and
blood pressure were monitored (via a Panasonic EW3109W
portable upper arm blood pressure monitor; North America).
The distance (m) covered in the 6-minute walk was then
recorded.

Treatment programs

All patients were encouraged to adhere to their drug ther-
apy, as well as maintain regular diet and normal daily activi-
ties throughout the study. To ensure full patient adherence to
the given instructions at home, as it is a major point of con-
cern for treatment success [1], weekly plan reports were
regularly delivered and checked from patients’ relatives who
served as supervisors at home. There were no adverse
events or remarks during the study. All participants adhered
to the prescribed treatment; no drop-out or absence was
observed throughout the study. The treatment programs in
both groups consisted of 1-hour daily sessions for 4 succes-
sive weeks followed by another 4 weeks in which the treat-
ment was applied in 3 sessions/week.

Modified complex decongestive therapy group

Each patient in the MCDT group (n = 24) received a well-
designed CDT program in accordance with the previously
described procedures [18] for about 1 hour. MCDT was com-
posed of manual lymph drainage (MLD), compression therapy
(using short-stretch compression bandages for first 4 suc-
cessive weeks, then applying the LegAssistTH, a custom-fit

garment, during the last 4 weeks), skin care, and free active
exercises. The MLD followed the previously described pro-
cedures, in which MLD decongestion sessions progress
through cervical, axillary, superficial and deep abdominal,
femoral, leg, and foot lymph nodes stimulation [21]. It was
started with firm pressure resorptive (strokes) techniques
proceeding from proximal to distal regions; the drainage
stroke force took an upward, distal-to-proximal application
direction and was followed by a gentle sweeping pressure
and fluid mobilization technique [18].

After proper cleaning, drying, moisturizing, and padding
of the skin, the compression therapy was started using the
short stretch bandages during the first 4 successive weeks,
in which the layers and overlaps are more in distal end than
the proximal end. During the last 4 weeks of the study, the
non-elastic containment LegAssistTH system was applied
instead of the multilayer bandaging. The LegAssistTH is a pres-
sure applying garment with circumferential Velcro straps
extending from the ankle till a point high in the thigh, provid-
ing up to 40 mm Hg compressive forces and recommended
for treatment of lymphoedema [22]. Patients were instructed
to wear the compression garment all over the day and per-
form the active exercise program while wearing it. Exercise
training involved deep diaphragmatic breathing (3-5 times),
active hip, knee, ankle, and toe free exercises in all directions
(10 repetitions each), 5-minute exercise on a stationary bi-
cycle (90 rpm), and, finally, walking on a treadmill (1.6 mph
velocity for 5 minutes). Education on the self-administered
MLD, skin care (properly inspecting, cleaning, and moistur-
izing), and exercise training while wearing the compression
garment at home was also emphasized.

Traditional physical therapy group

The TPT program included classical lower limb massage
(effleurage and kneading) started from distal to proximal,
compression therapy (typically as described for the MCDT
group), skin care, and free active exercise while wearing
a compression garment as described for the MCDT group.
The patients in the TPT group (n = 25) were also educated
and instructed to adhere to the classical massage techniques,
skin care, compression garment wearing, and free active ex-
ercise at home.

Statistical analysis

Statistical analyses were performed by using the SPSS
software (version 16.0; SPSS Inc., Chicago, USA). The nor-
mality of data was initially tested via the Kolmogorov-Smirnov
test and the data showed parametric distribution. Descrip-
tive statistical analysis was done to express the study vari-
ables as mean + SD. Mean changes in the limb girth, skin
thickness, and functional capacity within each group were
analysed with a paired t-test. Between-group differences
were analysed with an unpaired t-test. Percent of changes (%)
in the evaluated variables were calculated for each group.
The significance level for all tests was set at p < 0.05.

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies,
has followed the tenets of the Declaration of Helsinki, and has
been approved by the institutional review board at Faculty of
Physical Therapy, Cairo University (approval No.: P.T.REC/
012/002123).

51



F.M. Aboelmagd, A.A.M. Abdelaal
MCDT efficacy in secondary lymphoedema

Physiother Quart 2021, 29(2)
physiotherapyquarterly.pl

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Results

Statistically non-significant differences (p > 0.05) were
found between the 2 groups (MCDT and TPT) at baseline with
regard to the demographic data (age, height, weight, and body
mass index), as well as all the outcome measures (Table 1).

Within-group comparison of the limb girth and the skin
thickness revealed a significant decrease at the 4 levels of
measurement (p < 0.05) and also a statistically significant
increase in functional capacity (p < 0.05) at the end of the
study (Table 2).

The between-group comparison revealed statistically sig-
nificant post-study differences in the mean values of lower

Table 1. Demographic data and baseline outcome measures in both groups

limb girth at the level of 5" metatarsal head (p = 0.004), me-
dial malleolus (p = 0.007), 20 cm below the patella (o = 0.03),
and 20 cm above the patella (o = 0.02) in favour of the MCDT
group (Figure 2).

Also, post-study statistically significant differences were
found between the 2 groups, in favour of the MCDT group,
in mean values of lower limb skin thickness at the foot level
(p = 5.227"2), medial to medial malleolus level (p = 7.1974),
mid-calf level (p = 0.002), and mid-thigh level (p = 0.03)
(Figure 3).

Furthermore, a post-study statistically significant differ-
ence was found between the 2 groups in mean values of
the distance walked in BMWT as a measure of functional
capacity (p = 0.02), with a higher improvement in the MCDT

group (Figure 4).

. MCDT group TPT group .
fauaoes (mean £ SD) (mean £ SD) t p
Age (years) 41.54 £ 8.55 43.28 + 8.29 0.52 0.47**
Height (m) 1.66 + 0.06 1.67 £ 0.05 0.42 0.52**
Weight (kg) 84.58 + 4.22 86.44 +4.9 2.01 0.16**
Body mass index (kg/m?) 30.65 + 2.1 30.9+1.87 0.2 0.65**

Foot (5" metatarsal head) 29.75 £ 2.63 30.15 £ 3.22 0.22 0.64**
Medial malleolus 40.28 +9 39.76 + 9.53 0.38 0.85™
Oedema girth (cm)
20 cm below patella 54.1 +5.54 54.06 +7.78 0.01 0.97**
20 cm above patella 89.15 + 10.02 90.4 + 6.58 0.27 0.61**
Foot 0.60 + 0.052 0.60 + 0.06 0.01 0.93*
Medial malleolus 0.33 +0.08 0.33 + 0.06 7.1 0.99**
Skin thickness (mm)
Mid-calf 0.34 £ 0.04 0.33 £ 0.05 0.15 0.7*
Mid-thigh 0.35 + 0.06 0.36 + 0.07 0.15 0.7**
6-minute walking test (m) 398.25 + 30.7 398.12 £ 17.77 3.3% 0.99**
* level of significance at p < 0.05, ** non-significant
MCDT - modified complex decongestive therapy, TPT — traditional physical therapy
Table 2. Pre-post-test comparisons of oedema girth, skin thickness, and functional capacity within each group
MCDT group TPT group
Variables
t p* % of change t p* % of change
Foot (5" metatarsal head) 135 2.02-12** 19.2 (§) 19.64 2.69716** 13.47 ()
Medial malleolus 9.03 5,057 28.34 (4) 11.61 2.48711** 15.27 (4)
Oedema girth (cm)
20 cm below patella 8.42 1.788 16.57 (4) 14.3 3.07-13** 8.78 (4)
20 cm above patella 36.47 7.4722 12.08 (4) 19.57 2.93-16** 715 ()
Foot 43.76 1.19-2%* 70.32 (§) 33.48 1172 54.4 ()
Medial malleolus 16.19 4.56714** 63.32 (4) 16.24 1.92-14* 37.26 (})
Skin thickness (mm)
Mid-calf 11.86 2.8 31.82 (4) 21.22 4.68717* 21.02 (})
Mid-thigh 5.27 2.475* 15.46 () 12.86 2.95712%* 9.12 (4)
6-minute walking test (m) -13.15 3.4912** 9.84 (4) -22.38 1.38717** 5.52 (4)

* level of significance at p < 0.05, ** significant

52 | - decrease, t - increase, MCDT — modified complex decongestive therapy, TPT — traditional physical therapy
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436,88 Discussion
435 - Lymphoedema is a chronic debilitating disorder that re-
quires prolonged and sustained treatment [7]. Although no
430 4 definite cure has been yet discovered, many therapeutic
options have been established to control the lymphoedema
£ 405 | volume and prevent further fluid accumulation. Among
these, CDT stands as the most important and commonly
420,04 utilized approach to lymphoedema treatment [1].
420 - The purpose of this study was to investigate the effect
of an 8-week MCDT program on limb girth (oedema), skin
415 A thickness, and functional capacity in patients with LLSL in
comparison with TPT. The results revealed that after 8 weeks
410 - of either MCDT or TPT, there were significant reductions in
MCDT Group TPT Group limb girth and skin thickness, as well as a significant increase

in the functional capacity in the MCDT and TPT groups. But
the comparison of the post-study results between the groups
implied significant improvements in all outcome measures
Figure 4. Between-group post-study comparison in favour of the MCDT group.
of mean functional capacity When dealing with lymphoedema, many barriers should
be considered. The accumulated fluids are trapped either
in fatty tissues that have a tendency to absorb the applied
pressure without losing the constituents, or in fibrotic tis-
sues that do not allow fluid displacement. Another problem
is that the stagnated fluid is composed of water and lymph,
which cannot be easily returned back to the venous system
through damaged lymphatic vessels [10].

MCDT — modified complex decongestive therapy
TPT — traditional physical therapy
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Although there are many available interventions for treat-
ment of lymphoedema, CDT is a well-known conservative,
multicomponent approach that aims to reduce limb girth. It
is considered as the best among all known procedures be-
cause of its safety, no reported side effects, and cost-effec-
tive application [15]. A CDT program composed of MLD,
skin care, compression, and exercises can reduce oedema
and hence improve the functional activities [18]. lts effect
can sustain over a long period, even for years [23-25].

The definite duration of a CDT program for patients with
lower limb lymphoedema is not clearly established. There is
a difference between the European model, recommending
twice daily sessions for 4-6 weeks, and the North American
model, recommending a single daily session for 3—4 weeks
to gain significant achievements [26].

Previous studies point out that the effect of CDT on LLSL
is time-dependent since more extended treatment programs
provide more favourable results than short treatment pro-
grams. Daily CDT for an average of 13 days reduced lymph-
oedema by 68.1% [27], while daily CDT for 30 days in patients
with unilateral LLSL reduced lymphoedema by 88% [23].

The results of the current study prove that MCDT can
effectively reduce limb circumference in patients with LLSL,
which can be attributed in part to the effect of MLD, which
enhances and redirects the lymph flow and hence preserves
lymphatic circulation [28]. MLD application prior to a com-
pression garment can effectively reduce the amount of fluid
proximal to the obstruction and improves the rate and effi-
cacy of lymphatic fluid mobilization centrally towards the
lymphatic duct as it forces the lymphatic fluid from the con-
gested lower limb proximally towards the trunk and prevents
damage of lymphatic capillaries [29].

MLD is superior in effect to traditional local massage. It
enhances lymph fluid to flow more efficiently in lymph ves-
sels towards better functioning vessels that drain in the
nearest functioning quadrant of the body [30]. It preserves
lymphatic function and prevents lymphatic trauma that can
be caused by conventional massage [31].

MLD effect is further augmented with the application of
a compressive garment that prevents re-accumulation of
fluids and supports the normal lymph flow, especially during
activities [23, 28]. A pressure garment effectively reduces
the capillary filtration and enhances shifting of pooled fluid
to the non-compressed proximal parts [32].

Seeking an alternative to multilayer bandaging for patients
with lymphoedema becomes an essential requirement during
treatment to eliminate complications of improper skin care
and patients’ non-adherence to bandaging [33]. The non-
elastic containment LegAssistTH system was used instead
of multilayer bandaging because of its ease of application,
time saving, not interfering with patient’s mobility or limiting
their exercise performance, and no reported hazards [18].

The results of the current study agree with those obtained
in previous research [27, 34] which reported a significant
reduction in limb girth in response to a program composed
of MLD, compression therapy, skin care, and exercise train-
ing. Although the majority of researches recommend a daily
CDT program [24, 26, 28, 35] for 4 weeks, a daily CDT pro-
gram for about 2 weeks in patients with LLSL can reduce
lymphoedema by about 67.7% [12]. Moreover, Matthews and
Smith [36] observed that twice-weekly sessions of temporary
compression garments and MLD for only 1 week could effec-
tively reduce LLSL.

The findings of this research prove that MCDT can effec-
tively reduce skin thickness in patients with LLSL. This is in
line with a study by Mellor et al. [37], who reported that CDT

effectively reduced the thickness of skin and subcutaneous
tissues in patients with lymphoedema. Skin thickness reduc-
tion in response to a CDT program was also emphasized
by Yamamoto and Yamamoto [38], who found a significant
effect of CDT on skin layer thickness in patients with lymph-
oedema.

The reduction in limb oedema and skin thickness reflects
an improvement in the patients’ abilities to perform their ac-
tivities and hence in their functional performance.

Limitations

This study lacked follow-up and evaluation of long-term
effects of MCDT and TPT in patients with LLSL.

Conclusions

The study revealed that both MCDT and TPT were effec-
tive approaches in the treatment of patients with LLSL. How-
ever, the application of MCDT yielded more significant ef-
fects than TPT on decreasing limb girth and skin thickness, as
well as increasing functional capacity.
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