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Abstract
Purpose  After surgery, breast cancer-related lymphedema (BCRL) is a frequent chronic condition. The complex decongestive 
therapy (CDT) delivered by physiotherapists at hospitals is the state-of-the-art treatment choice. As lymphedema requires 
continuous management, we designed a 1-month-long course to train women to professionally carry out a self-administered 
CDT (saCDT) and tested its efficacy while keeping the benefits of CDT.
Methods  Consecutive patients treated with CDT over a 1-year period at an Italian facility were randomly assigned to either 
experimental (EXP, saCDT course) or control (CTRL, usual care) group. Women were assessed before, at 1, and 6 months 
from enrolment. Pain assessed by the numerical pain rating scale (NPRS) was the primary outcome. Arm asymmetry assessed 
by the excess limb volume (ELV) was the secondary outcome. Outcome variations were compared to their MCID to classify 
women as improved, stable, or worsened.
Results  Forty-one women were included. The proportion of stable or improved women was significantly different between 
EXP and CTRL groups at 6 months after enrolment for both arm pain (p = 0.01) and asymmetry (p < 0.01). Noteworthy, 
only one EXP woman had worsened after 6 months. NPRS significantly decreased in the EXP group only, with a median 
variation of 2 points. Arm ELV significantly decreased with respect to the baseline value in the EXP group only, with a 
median reduction of 8%.
Conclusions  Teaching saCDT to women with BCRL is effective in maintaining or improving the benefits of CDT and can 
be used as a self-care tool in the management of BCRL.
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Background

Breast cancer-related lymphedema (BCRL) is a common 
complication following breast cancer surgery, and is char-
acterized by arm swelling due to the accumulation in the 
interstitial spaces of lymphatic fluids that do not drain 
back into the bloodstream [1–3]. Affected women may 
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experience body image issues, pain, impaired arm range 
of motion, and loss in strength, with an overall worsening 
in their quality of life [4–6].

The true incidence of lymphedema is still being 
debated, as different definitions and assessment methods 
have been used in the literature [3, 7]. Incidence values 
ranging between 20% and 30% have been considered real-
istic by several authors [3, 8], while a 5-year cumulative 
incidence of 42 out of 100 women has been found in a 
population-based prospective study [9].

Lymphedema cannot be completely cured, and requires 
continuous management [5, 8, 10]. The state-of-the-art 
treatment of BCRL is a fourfold conservative treatment 
referred to as Complex Decongestive Therapy (CDT), 
consisting of manual lymphatic drainage (MLD) carried 
out by physiotherapists. This is the primary intervention 
which allows for the reduction of lymphedema [2, 11]. It 
is followed by a maintenance phase based on compression 
therapy with the aid of bandages or sleeves, skin care, and 
a targeted work out [8]. The efficacy of MLD and CDT 
delivered by health professionals has been addressed in a 
large number of randomized controlled trials [4, 11, 12] 
and synthesized in three recent systematic reviews [1, 2, 
8, 10, 13].

Lymphedema is a chronic condition and when untreated, 
the risk of worsening over time in terms of volume and stage 
of tissue fibrosis increases [14]. Hence, alongside the treat-
ments that patients receive from professionals in hospitals 
and institutions, the management of lymphedema should 
also rely on continuous self-care activities performed by 
the affected women themselves [15, 16]. Self-care typically 
relies on the use of compressive garments during the night, 
skin care products, tailored-made exercises, and fitness pro-
grams [15, 17].

While the efficacy of professionally delivered MLD and 
CDT has been investigated by several studies, the efficacy 
of self-treatments has only been addressed in a few studies, 
which primarily focused on tailored-made physical activities 
[5]. The possibility of assigning women the ability of self-
performing both MLD and arm bandage has not yet been 
investigated in the literature, even if these two treatments 
provide the largest benefits in lymphedema reduction.

We therefore designed a randomized controlled trial to 
assess both short-term and long-term effects on arm pain 
and swelling of a month-long standardized training rou-
tine of self-administered Complex Decongestive Therapy 
(saCDT). This included self-drainage, self-bandaging, and 
physical exercises in a sample of women with chronic arm 
lymphedema. Our hypothesis is that such training program 
can provide women with the proper tools to immediately 
counteract any arm swelling, hence prolonging the positive 
effects of the hospital-delivered treatments. A positive result 
of such approach would provide benefits for women’s health 

and could reduce the costs associated with the management 
of arm lymphedema.

Materials and methods

Trial design

The study is a randomized, single blinded, parallel group 
trial. A prospective evaluation was undertaken focusing on 
the effects of a course on lymphedema self-treatment, also 
referred as saCDT protocol (the intervention) and its subse-
quent self-administration in patients with breast carcinoma-
associated lymphedema.

Women, after receiving CDT at the hospital, were 
enrolled by the research manager (Fig. 1). When 10 women 
were successfully enrolled, a teaching course was duly set 
up. Women were randomly assigned to either the experi-
mental or the control group, as detailed below. The women 
of both groups were separately summoned and assessed in 
the week preceding the beginning of the course (T0), then 
after 1 month (T1), and again at 6 months (T2). The saCDT 
course was imparted to the women in the treatment group 
between T0 and T1. The self-treatment courses were made 
up of small groups of 4–6 women (with the same number of 
women for the control group). In order to teach all patients, 
the same trained physiotherapist repeated the course five 
times. Due to the nature of the study, participants were not 
blinded to the treatment; however, the one physiotherapist 
who assessed all outcomes and all other professionals of the 
hospital were. Random group labels were used in order to 
keep the statistician who performed the data analysis blind 
to the allocation.

Participants

All the women with lymphedema secondary to breast cancer 
who received CDT treatment at our facility over a 1-year 
period, and satisfied the inclusion criteria are reported in 
Table 1.

Intervention and control treatments

The randomization sequences were created by the biostat-
istician using the Randomizer software [18] and were kept 
concealed until interventions were assigned. Block randomi-
zation was used (e.g., BA AB). Over the phone, the research 
manager told each woman if they were assigned to either the 
experimental (EXP) or the control (CTRL) group.

The control group received only the usual care provided 
at discharge after CDT. This consists of a point-by-point 
briefing and discussion of the leaflet. It includes the descrip-
tion of specifically tuned exercises, behavioral and hygienic 
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standards and is given to all patients after breast surgery 
(Italian version, http://www.asmn.re.it/alleg​ati/Riabi​litaz​
ionei​nterv​entos​enoOt​tobre​2013.pdf). Women were strongly 
encouraged to follow the recommendations contained in the 
pamphlet.

The experimental group received the saCDT course. 
A trained physiotherapist held a ten-session course over 
a period of 4 weeks. Each meeting lasted about one and 
half hours. The program of each of the 10 meetings was 
standardized in terms of topics, practical demonstrations, 
trials, and discussion time with patients. The women were 
taught: manual lymphatic self-drainage, self-bandage, 
breathing exercises, mobilization exercises, muscle rein-
forcement exercises, muscle contracture management, and 
the understanding of the changes occurring after suffer-
ing from lymphedema. The physiotherapist taught women 

until they were able to manage the whole treatment auton-
omously at home. Problems and difficulties that arose were 
collected and discussed within the group. The institution 
provided for all the equipment and consumables. A copy of 
the course manual was given to all women during the first 
meeting. This is available on the website of our institution 
in both Italian and English (https​://www.ausl.re.it/comun​
icazi​one/opusc​oli-infor​mativ​i/linfe​dema-auto-tratt​ament​
o). During the last lesson, women were strongly encour-
aged to carry out all the saCDT protocol 6 days out of 
seven. Subsequently, the study physician offered medical 
expertise including lifestyle and nutritional recommenda-
tions aiming at preventing weight gain and promoting self-
care activities. Finally, all patients including those in the 
control group were asked to use the arm-guard.

Fig. 1   Study design, phases of the study, and assessment times (T0, 
T1, T2). Women were randomly allocated to either the experimen-
tal (EXP) or the control (CTRL) group. The treatment consisted of 

a thorough course on self-administered Complex Decongestive Ther-
apy (saCDT) delivered by a trained physiotherapist over a period of 4 
weeks

Table 1   Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Breast cancer diagnosis
Mastectomy or quadrantectomy
Removal of at least two axillary lymph nodes
Concluded chemotherapy and radiotherapy
Superior arm lymphedema
CDT concluded within 6 months
At least 4 cm of difference between affected and unaffected arm total 

circumference

Recurrent cancer
Active infections
Vascular damages (e.g., phlebitis)
Known impossibility to participate in at least 80% of saCDT course

http://www.asmn.re.it/allegati/RiabilitazioneinterventosenoOttobre2013.pdf
http://www.asmn.re.it/allegati/RiabilitazioneinterventosenoOttobre2013.pdf
https://www.ausl.re.it/comunicazione/opuscoli-informativi/linfedema-auto-trattamento
https://www.ausl.re.it/comunicazione/opuscoli-informativi/linfedema-auto-trattamento
https://www.ausl.re.it/comunicazione/opuscoli-informativi/linfedema-auto-trattamento
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Objectives

The aim of this study was to test the efficacy of the saCDT 
protocol compared to the usual care in the management of 
lymphedema-related arm pain, volume, and asymmetry at 6 
months after enrolment. The short-term efficacy at 1 month 
after enrolment has also been assessed.

Primary outcome

In this study, lymphedema-related arm pain was selected 
as the primary outcome. Pain was assessed by the Numeri-
cal Pain Rating Scale (NPRS), and executed according to 
Williamson and colleagues [19]. NPRS is a validated and 
worldwide used scale for pain assessment, with excellent 
metric characteristics. It scores between 0 (no pain) and 10 
(worst pain imaginable) with one-step increments [19]. In 
the assessment of pain of oncological patients, a MCID of 
2 is suggested [20]. Pain reduction greater than MCID was 
reported in intervention studies published in the literature, 
with Effect Sizes (ES) varying between 1.6 and 5 [21–23]. 
NPRS was preferred over other multidimensional scales for 
pain assessment because it allowed for the a priori design 
of the sample size, considering that both MCID and ES are 
available in the literature.

Secondary outcome

Asymmetry was selected as the secondary outcome in this 
study. This was computed by means of the Excess Limb 
Volume (ELV) indicator, also referred to as interlimb dis-
crepancy [24], being a standard outcome in the literature 
on lymphedema [13, 15, 16, 24, 25]. In this study, ELV was 
computed for both hand (handELV) and arm (armELV), as 
follows: ELV = (Affected Side Volume−Unaffected Side 
Volume)/Unaffected Side Volume × 100. Volume measure-
ment procedures and computations to obtain arm and hand 
ELVs are reported in Online Resource 1.

Longitudinal variations in arm volume and asymmetry 
were computed as the difference between the baseline value 
and T1 and T2 values. ELV variations greater than 5% were 
considered clinically significant in this study [24, 26].

Sample size

Sample size was determined according to the following 
design criteria: two tailed Mann–Withney test, α = 0.05; 
1−β = 80%, Effect Size = 1 (Δµ = MCID = 2 and σ = 2), 
allocation rate N1/N2 = 1, and dropout rate = 10%. A sam-
ple of at least 40 women was necessary to match these 
requirements.

The effect of the treatment was analyzed by intention to 
treat.

Statistical analysis

Descriptive statistic was used to summarize data during 
each stage of the study.

In line with the main aim of this study, the number 
of women that either showed an Improvement (I), were 
Stable (S), or showed a Worsening (W) in the outcome 
variables at the follow-up assessments (T1 and T2) was 
determined for both groups. For each variable (e.g., pain 
level), a reduction greater than MCID was required to clas-
sify a woman in group I. Similarly, an increase greater 
than MCID was required to classify a woman in the group 
W. Women were otherwise classified in the group S. This 
allowed to fulfill a 2 × 3 contingency table that summa-
rized the variations (W, S, I) for the two groups (EXP and 
CTRL). At each follow-up assessment, three contingency 
tables were created, to assess pain, hand asymmetry, and 
arm asymmetry variations. The Freeman–Halton exten-
sion of the Fisher exact probability test for a 2 × 3 contin-
gency table was used to analyze the differences between 
the treated women and the control patients.

The Mann–Whitney test was used to verify the presence 
of group differences at each stage of the study. The Wilcoxon 
test was used to analyze variations with respect to the base-
line values. Non-parametric tests were selected, based on a 
preliminary analysis of data (Lilliefors test). Data analysis 
was performed using Matlab and its statistical toolbox (The 
Mathworks inc., Thorofare, USA). Statistical significance 
was set at 5%.

Results

Forty-one women were enrolled throughout the 1-year study 
period. The overall attendance of individual participants 
through each stage of the trial is reported in Fig. 2.

The women from both groups did not meet during the 
study period thanks to the allocation and timing when 
administering the procedures. No unforeseen difficulty arose 
while replicating the courses, and these were comparable for 
execution and content.

Baseline data

Demographic and clinical characteristics of both EXP and 
CTRL groups are reported in Table 2. For all of the reported 
variables, no significant group differences were found at the 
baseline evaluation. As expected from published literature, a 
large between-subject variability was found in both groups, 
both in terms of pain and of arm asymmetry. Due to the 
randomization, the level of impairment at enrollment was 
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slightly higher in the EXP group compared to that of the 
CTRLs.

At baseline evaluation, the complete dataset was available 
for 20/20 subjects of EXP and for 21/21 subjects of CTRL. 
At T1, NPRS was available for 19/20 subjects of EXP and 

Fig. 2   Consort-like flow diagram of participants through the phases (enrolment, intervention allocation, follow-up, and data analysis) of the par-
allel randomized trial
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for 21/21 subjects of CTRL. At T2, NPRS was available 
for 16/20 subjects of EXP and for 18/21 subjects of CTRL.

Intervention efficacy

For all study stages NPRS, HandELV and armELV values 
are presented in Table 3.

Primary outcome

By considering a MCID of 2 in the assessment of pain 
variation by NPRS, the following 2 × 3 contingency table 
was obtained (Table 4). The null hypothesis of equivalence 
between treatment and control groups was rejected both at 
T1 (p = 0.0005) and at T2 (p = 0.011).

Table 2   Sample characteristics

Characteristic Experimental group (n = 20) Control group (n = 21) p value

Age (years) 56. 8 (8.8); 45–76 57.1 (9.8); 40–71 0.784
Years since breast cancer surgery 6 (6.8; 0–30) 7.5 (6.5; 1–26) 0.288
Years since lymphedema diagnosis 2.7 (2.9; 0–10) 2.8 (2.9; 0–11) 0.978
Type of surgery mastectomy/quadrantectomy 8/12 3/18
Lymph node removal/axillary cavity emptying 11/9 13/8
Affected side (L/R) 12/8 8/13

Table 3   Values of the outcome 
variables at the baseline 
assessment (T0), after 1 month 
from the enrolment (T1) 
and after 6 months from the 
enrolment (T2)

Values are reported as mean (standard deviation); range
a Between-group difference, Mann–Whitney test, p < 0.05
b Different from baseline, Wilcoxon test, p < 0.05

Baseline After 1 month After 6 months

Outcome variables
 NPRS
  Experimental group 4.3 (2.6); 0–10 2.9 (2.4); 0–10a,b 2.1 (2.5); 0–10a,b

  Control group 3.8 (2.8); 0–10 4.8 (3.0); 0–10 3.8 (3.3); 0–10
 Hand volume, ml
  Experimental group 603 (143); 425–1050 551(120); 400–850 535 (84); 400–675
  Control group 571 (146); 400–1050 583(156); 400–1100 579 (151); 400–1000

 handELV, %
  Experimental group 15 (13); 0–50 10 (10); − 6–31b 8 (9); − 10–24b

  Control group 10 (11); − 9–33 11 (12); − 6–40 13 (16); − 9–50
 Total arm girth, cm
  Experimental group 314 (35); 256–399 303 (37); 252–390 299 (40); 254–403
  Control group 306 (51); 210–427 309 (52); 213–430 308 (53); 222–432

 Arm volume, ml
  Experimental group 2727 (636); 1775–4465 2543 (647); 1726–4240 2495 (734); 1746–4561
  Control group 2624 (902); 1184–5052 2668 (934); 1214–5117 2665 (977); 1317–5168

 armELV, %
  Experimental group 25 (16); 8–68 24 (16); 2–62b 20 (16); 4–63b

  Control group 17 (10); 2–41 18 (11); 3–39 18 (11); 2–37

Table 4   NPRS variation at 1 month (T1) and 6 months (T2) from the 
enrolment. MCID of 2 was used in the assessment of pain variation 
by NPRS

The null hypothesis of equivalence between experimental (EXP) and 
control (CTRL) groups was rejected both at T1 (p = 0.0005) and at T2 
(p = 0.011)

NPRS variation with respect to the baseline

Worsened Stable Improved

T1
EXP (n = 19) 0 7 12
CTRL (n = 21) 5 14 2
T2
EXP (n = 16) 0 3 13
CTRL (n = 18) 4 8 6
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The pain level significantly decreased in the EXP group, 
with a median variation of 2 points at T1, and remained 
consistently lower than in the CTRL group until T2 (see 
Table 3). The reduction in pain was reached at T1 (p = 0.019) 
and was maintained until T2 (p = 0.007). Focusing on 
women who did have pain at the baseline evaluation, the 
difference between groups resulted significant both at 
T1 (nC = 17, nT = 17, Mann U test, p = 0.015) and at T2 
(nC = 15, nT = 14, Mann U test, p = 0.059).

Secondary outcome

By considering a MCID of 5% in the assessment of asymme-
try variation by ELV, the following 2 × 3 contingency tables 
were obtained (Table 5). The null hypothesis of equivalence 
between treatment and control groups at 6 months from 
enrollment was rejected for both arm and hand asymmetry 
(p = 0.007 and p = 0.044, respectively). A significant asym-
metry variation was reached at T1 for the arm (p = 0.019) but 
not for the hand (p = 0.278). Similar results were obtained 
when considering a MCID as high as 10%.

Arm asymmetry significantly decreased with respect to 
the baseline value in the EXP group only, both at T1 (median 
reduction: 5%, p = 0.015) and at T2 (median reduction: 
8%, p = 0.001). Similarly, hand asymmetry significantly 
decreased with respect to the baseline value in the EXP 

group only, both at T1 (median reduction: 3%, p = 0.030) 
and at T2 (median reduction: 8%, p = 0.015).

Due to the very large within-subject variability and the 
relatively small sample size, the between-group comparison 
was not significant. However, the statistical power of this 
test was merely 10%. To be of statistical significance, this 
comparison would require two groups of at least 120 women.

The variability in lymphedema characteristics—either 
distributed all over the upper limb or localized at specific 
areas along the arm—includes the change of the whole arm 
size over time. Figure 3 shows an example from two women 
of the EXP group and two from the CTRL group.

Discussions

Our goal was to determine the long-term effects on arm pain 
and lymphedema of self-administered complex decongestive 
therapy, when taught to women by trained physiotherapists. 
Results show the efficacy of saCDT in reducing pain and 
arm swelling.

Efficacy of pain management

At the 6-month mark, treated women were either stable or 
showed an improvement, while control women were either 
stable or had worsened. The terms “improved” and “wors-
ened” refer to variations greater than MCID.

In women, arm pain is known to decrease when MLD 
or CDT is delivered by professionals. Pain decrease can be 
significant when the baseline pain value is high [2, 17, 21]. 
In this trial, self-taught treatment following professionally 
delivered CDT allowed for further reduction of the pain from 
4 to 2 in nearly 70% of EXP women, and without any sup-
port from the health professionals. Even when the baseline 
value was relatively low, this progressive reduction in arm 
pain in the EXP group was significant all throughout the 
follow-up period (see Table 3).

The effect of self-care on arm pain in women with BCRL 
is scarcely discussed in the literature. According to a recent 
review from Douglass and Colleagues, only two studies are 
available debating this topic [5]. These studies report self-
care activities, yoga, or gentle self-massage, having a general 
positive effect on women’s well-being. Recently, a protocol 
for lymphedema prevention after breast surgery has been 
proposed by Dönmez and Colleagues [23]. This included 
both professionally delivered and self-administered MLD, 
along with a steady increase in physical activity. Effects 
were tested in a randomized controlled trial lasting 6 weeks, 
and compared against the usual care given for CDT (infor-
mation on lymphedema). In this study, arm pain assessed 
with the visual analogue scale decreased from 5 to 1 in the 
experimental group, thus advocating for the inclusion of 

Table 5   armELV and handELV variation at 1 month (T1) and 6 
months (T2) from enrolment

MCID of 5% was used in the assessment of arm asymmetry varia-
tion. For armELV, the null hypothesis of equivalence between exper-
imental (EXP) and control (CTRL) groups was rejected both at T1 
(p = 0.019) and at T2 (p = 0.007). For handELV, the null hypothesis of 
equivalence between experimental (EXP) and control (CTRL) groups 
was not rejected at T1 (p = 0.278) and was rejected at T2 (p = 0.044)

ELV variations with respect to the baseline

Worsened Stable Improved

armELV
 T1
  EXP (n = 17) 1 9 7
  CTRL (n = 21) 2 18 1

 T2
  EXP (n = 15) 1 6 8
  CTRL (n = 18) 4 13 1

handELV
 T1
  EXP (n = 17) 2 7 8
  CTRL (n = 21) 6 10 5

 T2
  EXP (n = 15) 3 3 9
  CTRL (n = 18) 8 7 3
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preventive activities comprehensive of MLD teaching in the 
early stages of lymphedema management. Teaching women 
to incorporate short periods of moderate activity into their 
daily routines (lifestyle intervention) can improve their over-
all well-being, as measured by the Short Form-36 Question-
naire, which includes bodily pain assessment [27]. However, 
multimodal physical activity programs did not result in a 
particularly economically efficient means for improving the 
overall women’s health-related quality of life [28].

Efficacy on arm swelling

At 6 months after the end of the saCDT training period, 
more than 50% of treated women presented a clinically sig-
nificant reduction in arm and/or hand swelling. Also note-
worthy of this study is the average reduction in arm vol-
ume of 230 ml obtained by saCDT (see Table 3) which is 
comparable to that obtained through MLD and CDT, when 
provided by professionals [7, 11, 12]. This result was nearly 
doubled compared to the average one obtained by Hwang 
and Colleagues in a similar study, even though it introduced 
a different self-treatment protocol [29].

Moreover, the self-treatment proposed in this study 
exceeded the exercise-based self-care protocols in terms of 
ELV reduction. Jeffs and Colleagues compared the effect 
of compressive garments at night-time (usual care) to that 

of daily physical activity and usual care [15]. The sampled 
women were similar in age and clinical characteristics to 
those of our study. Physical activity reduced arm asymmetry 
by about 1 point only, from %ELV = 15.80 to %ELV = 14.66 
(median values).

Chronicity, self‑care, and health‑care system 
sustainability

Better screening and improved treatments allowed for a pro-
gressive decrease in the breast cancer mortality rate [30]. 
As survival rates improve, the sustainability of chronicity 
management has to be handled by the health-care systems. 
This encouraged the development of low-cost protocols for 
self-care, aiming at supporting the patients’ quality of life 
[31, 32]. Our work targets this area. It is based on an intense 
academic, theoretical, and practical activity, which allows 
women to recognize symptoms of lymphedema worsening, 
to intervene in a semi-professional manner from the onset 
of the symptoms, and to be able to manage this chronicity in 
their daily life, without falling back into becoming a patient 
once again.

The implementation of effective and standardized pri-
mary interventions for BCRL, delivered by professionals, 
has shown to decrease BRCL-related costs by about 20% 
[33]. Instead, self-care programs based on physical exercises 

Fig. 3   Localized arm asymmetry at the beginning (T0) and the end (T2) of the study in four subjects. Two subjects belonged to the control group 
(CTRL) and two to the experimental (EXP) group
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resulted in questionable economic effectiveness, as shown 
by the study by Haines and Colleagues [28]. In our study, 
women were given a 15-h course treatment by a physiothera-
pist. This is much cheaper compared to individual sessions 
of professionally delivered MLD, typically consisting of 
10 h of physiotherapy per woman.

Sample

In published intervention studies dealing with the treatment 
of lymphedema, the baseline mean volume of the affected 
arm ranges between 2000 and 3000 ml, with a standard devi-
ation of about 500 ml and overall range of 1500–6000 ml. 
Data in this study are homogeneous with the values avail-
able in the literature [5, 7, 12, 16, 21, 34]. This supports the 
external validity of our results.

Methodological aspects

Over the years, the scientific community has come to a 
mutual consensus where the excess in limb volume (ELV) 
is viewed as the outcome to be used in the assessment of 
lymphedema and treatment efficacy [2]. However, the pro-
found differences in data presentation, normalization, and 
interpretation make it difficult to compare the results among 
the different studies. Some authors normalized the ELV vari-
ation with respect to the ELV initial value, thus presenting 
the rate of ELV variation [7, 11, 15]. In this case, for exam-
ple, a variation in ELV from 10 to 7% would result in a 30% 
reduction and could overemphasize the treatment’s positive 
effects. In our study, a woman with such an ELV variation 
would be classified as stable, the variation (3%) being lower 
than MCID. The choice of using a threshold set at MCID 
to discuss asymmetry variations is a novelty of this study 
and provides robustness to the results. The strength of this 
approach is that it allows, when present, to highlight the 
clinical evidence of treatment efficacy.

We applied the same criterion to the assessment in pain 
variation, with MCID set at 2 [20]. In this study, pain was 
selected as the primary outcome because of its direct impact 
on a woman’s quality of life [35]. It is noteworthy to mention 
that the rate of women with persistent pain, reduced health, 
and overall well-being, even 5 years after breast surgery, can 
be as high as 80% [36].

Finally, the technique used to assess arm lymphedema is 
worth discussing. Centimetric measurement allows for vol-
ume and asymmetry computation along the whole length of 
the arm. Through centimetric measurement, we monitored 
the evolution of localized lymphedemas over time, e.g., at 
the wrist or at the elbow, as shown in Fig. 3. Such a result 
cannot be achieved by the direct volumetric assessment only 
performed via arm immersion. For professionals in the field, 

this element and its graphical presentation are a further nov-
elty of this study.

Limits

The main limitation of this study was the small sample size 
(N = 41), which may limit the generalizability of the results. 
This was a consequence of the monocentric design of the 
study and of the inclusion/exclusion criteria. In fact, 31 out 
of 78 women assessed for eligibility were excluded from the 
study (see Fig. 2). As a countermeasure, to limit the effects 
of uncontrolled confounding factors and in order to provide 
reliable results with such a small sample, we only discussed 
very large variations (> MCID) in the study variables.

Another limitation in this study is the assessment of pain 
only by the NPRS. A multidimensional approach to pain 
assessment and to the women’s quality of life by means of 
specific tools should be addressed in future studies.

A further limit was that we did not directly measure 
whether the women followed the recommendations provided 
by the professionals. Future studies should consider using a 
diary to track women self-treatment, any noticeable change, 
and the potential use of medication, including analgesics and 
antidepressant, that may affect the perception of pain and of 
the quality of life.

Finally, we did not perform a direct measurement of the 
reduction of the costs determined by the self-treatment pro-
tocol. A thorough cost-effective analysis of our protocol 
for saCDT should be performed in a future study, e.g., by 
inspecting the institutional file records of the two groups in 
the year following the end of the trial.

Conclusions

Our work reveals that saCDT can be used for the manage-
ment of upper limb BCRL. After 6 months, we found signifi-
cant statistical evidence in the efficacy of teaching saCDT 
to women in terms of maintaining or improving the benefits 
of the professionally delivered CTD.

With the aim of promoting its use, the full protocol for 
saCDT teaching has been made available in English on the 
website of our institution.
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