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Abstract
Purpose  Chronic lymphedema causes psychophysical sequelae jeopardizing quality of life (QoL) of breast cancer (BC) 
survivors, and lack of effective therapies represents a major challenge for healthcare professionals. Structured adapted physi-
cal activity (APA) may represent an effective strategy to attenuate cancer treatment-related impairments and improve QoL. 
Here, we describe the effects of a specific APA intervention based on a novel multiperspective methodology in counteracting 
lymphedema-related morphofunctional alterations and improving QoL of BC survivors.
Methods  BC survivors with chronic moderate/severe lymphedema attending the Cancer Rehabilitation Center in Florence 
were assessed before and after 8-week APA. The protocol consisted of both APA specialist-supervised and self-leaded ses-
sions using a tailor-designed proprioceptive board. Body mass index, bioimpedance parameters, indirect upper limb volume 
measurement, and ultrasonography were performed. Wrist flexion/extension and hand strength functional tests were also 
executed. QoL, depression/anxiety and pain intensity were evaluated by ULL27, HADS, distress thermometer and NRS 
questionnaires, respectively.
Results  Although bioimpedance, ultrasound and volumetric measures remained mostly unchanged, wrist mobility, pain 
perception, depression, and QoL were all significantly ameliorated after APA.
Conclusions  Our findings suggest that a multidisciplinary treatment approach involving APA professionals should be 
employed in the management of BC-related lymphedema to improve patient psychophysical outcomes and QoL.

Keywords  Adapted physical activity · Breast cancer survivors · Cancer-related symptoms · Lymphedema · Patient-reported 
outcomes · Quality of life

Introduction

Breast cancer-related lymphedema (BCRL), which is one of 
the most dreaded and unfortunate breast cancer (BC) treat-
ment outcomes, with risk proportional to the extent of axil-
lary lymph node dissection and radiotherapy, results from 
lymphatic system obstruction or disruption [1–5]. BCRL risk 
estimates after treatment widely vary, with such a chronic 
condition occurring in up to 40% of BC survivors [6]. How-
ever, increasingly conservative surgical and radiotherapeutic 
approaches have decreased its incidence [7]. Sentinel-node 
sampling technique has also reduced the risk of BCRL onset 
[7]. Moreover, patient personal factors, such as obesity or 
high body mass index (BMI), can increase lymphedema risk, 
and infections or trauma may also trigger it [5].
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BCRL is a chronic progressive syndrome character-
ized by swelling and multiple symptoms, due to abnormal 
protein-rich lymph fluid accumulation within the interstitial 
tissue localized in the arm, shoulder, breast, and/or adja-
cent thoracic quadrant [5, 8–10]. Lymphedema progresses 
in severity over time, from mild to severe edema, which can 
be associated with fibrosis and other complications such as 
cellulitis [10, 11]. Objective limb volume measurement is 
used to detect increased swelling and to monitor and record 
changes over time [12]. Limb volume can be estimated 
through water mass displacement methods or calculations 
derived from girth measurements [13, 14]. Volumetric 
measurements can be taken using a volumeter, while limb 
girths can be measured by placing a tape measure at different 
standard anatomical sites. Estimated volume is determined 
by summing segment volumes derived from the truncated 
cone formula [13, 14]. In particular, a circumference differ-
ence of 2 cm or higher at the same anatomic point between 
the affected and non-affected limb is considered as a clue for 
clinical diagnosis [3].

Lymphedema may appear gradually or suddenly, and its 
onset can occur months to years later from treatment [1, 5]. 
However, women treated for BC deal with a life-time risk 
of developing upper limb lymphedema that represents one 
of the most distressing long-term health problems [1, 5]. 
This condition can cause relevant physical and psychologi-
cal consequences, negatively impacting quality of life (QoL) 
and compromising emotional wellbeing [2, 3]. Swelling 
can be accompanied by physical discomfort, pain/soreness, 
numbness, tingling, stiffness, impaired mobility of shoul-
der, arm, elbow, wrist, and/or fingers caused by decreased 
range of motion, fatigue, weakness, and heaviness of the 
affected limb. Psychological symptoms include anxiety, 
fear, depression, loss of body image and self-esteem, and 
decreased sexual drive.

Therefore, it is important not only understanding risk fac-
tors influencing BCRL, but also applying this knowledge 
to find preventative measures and diagnostic approaches to 
reduce morbidity and improve the overall QoL. This can 
be achieved by controlling the swelling, restoring affected 
limb functionality, and preventing potential complications. 
Of note, early treatment often leads to better results. Moreo-
ver, guidelines for BCRL prevention have been developed, 
but currently, there is no progress concerning the care of 
this chronic condition. Thus, management of lymphedema 
remains a major challenge for patients and health care pro-
fessionals [5].

Strategies to manage BCRL are mainly non-pharmaco-
logic, used alone or in combination with one another. How-
ever, these treatments seem not to offer a permanent reduc-
tion or recovery of upper limb swelling. Non-pharmacologic 
treatments involve various physiotherapeutic interventions 
such as complete decongestive therapy, manual lymphatic 

drainage, compression bandaging, and exercise [6, 15]. In 
addition, routine check-ups for lymphedema management, 
long-term physical therapy, and recurrent infections create 
financial and economic burdens affecting not only survivors 
but the health care system as well [6]. Regarding the exer-
cise to prefer, the type based on repetitive movements seems 
to be more effective on musculoskeletal pump activation 
enhancing lymph flow and improving protein resorption, 
thus providing additional benefits to compression [9, 10]. 
In BCRL-affected women, slowly progressive weightlifting 
has shown to be safe and resulted in a decreased incidence 
of lymphedema exacerbations [10]. Physical activities and 
sport such as nordic walking, swimming and dragon boat are 
also recommended [10]. Nevertheless, possible benefits to 
the affected upper limb are not yet well established. Further-
more, aiming to address survivor psychosocial, as well as 
physical and functional concerns, a growing body of litera-
ture supports adapted physical activity (APA) as an effective 
intervention strategy [16–20]. In a previous pilot study, we 
described for the first time the effects of a specific adapted 
exercise on lymphedema management in BC survivors [21].

On these premises, here, we conducted a deeper investi-
gation of the possible benefits of a specific multidimensional 
APA intervention aimed to reduce chronic moderate/severe 
BCRL and improve upper limb strength and mobility, as 
well as QoL. The protocol, based both on APA specialist-
supervised and self-leaded sessions, was centered on a spe-
cific motor gesture performed using an innovative purpose-
designed proprioceptive board named Hand-Walk.

Materials and methods

Study participants

A group of 88 survivors affected by BCRL was recruited at 
the Cancer Rehabilitation Center (Ce.Ri.On.) of Florence, 
Italy. On the basis of the inclusion criteria described here-
after, 43 subjects resulted eligible but 13 of them were not 
enrolled in the study due to different personal reasons (e.g., 
family problems, lack of time, transport difficulties). Sixteen 
out of the remaining 30 subjects (all women; mean ± SD 
age, 65.2 ± 8.6 years, range 53–77 years), in stable clini-
cal conditions and after receiving a medical clearance by 
an oncologist, decided to take part in the proposed struc-
tured APA pathway, while the others 14 opted for a passive 
medical therapy offered by the Ce.Ri.On., consisting in acu-
puncture treatment. In particular, the protocol consisted in a 
supervised collective 8-week APA program integrated with 
home-based sessions of self-managed specific exercises per-
formed using a tailored proprioceptive board, as detailed 
below. The eligibility criteria were: (1) presence of chronic 
moderate/severe upper limb BCRL following cancer-related 
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axillary dissection clinically defined as a ≥ 3 cm difference 
of circumference measurement [16], taken at anatomical 
landmarks, between affected and non-affected upper limb 
and previously treated with standard physiotherapy protocol; 
(2) day and/or night elastic bandage application; (3) no other 
upper limb musculoskeletal disorders; and (4) no physical 
activity practice during the full study period. Exclusion cri-
teria were the presence of lymphangitis, moderate/severe 
heart failure, known or suspected cancer recurrence, and 
lack of patient consent to take part in the study.

At baseline and after ending the structured APA inter-
vention, all participants filled out several questionnaires 
such as the Upper Limb Lymphedema 27 scale (ULL-27) to 
evaluate health-related QoL [21–24], the Hospital Anxiety 
and Depression Scale (HADS) to assess anxiety and depres-
sion [25, 26], the distress thermometer to rate psychologi-
cal distress [22], and the numerical rating scale (NRS) to 
quantify back and shoulder pain intensity [23, 24]. Specifi-
cally, the ULL-27 questionnaire, which uses a scale con-
sisting of 27 questions distributed across 3 domains (i.e., 
physical, psychological, and social), evaluates the QoL in 3 
dimensions in subjects affected by upper limb lymphedema. 
Scores obtained in different dimensions are combined and 
elaborated to calculate the questionnaire total score (range 

27–135 points). Getting high score of the scale means 
that lymphedema badly impacts the QoL of the individual 
[21–24]. HADS self-administered questionnaire is spe-
cifically developed to detect patient states of anxiety and 
depression and it is composed of two 7-item scales, one for 
anxiety and the other for depression [25, 27]. In addition, 
distress thermometer is a visual graphic scale consisting of 
11 points with a range comprised between 0 (no distress) 
and 10 (extreme distress) [27]. Finally, NRS is a horizontal 
segmented numeric bar on which a respondent selects, on a 
0–10 scale (0 = no pain and 10 = worst imaginable pain), the 
number that better quantify perceived pain intensity [16, 17].

The anthropometric measurements were taken in stand-
ardized way at baseline and after APA. Height and weight 
were matched to calculate BMI through the formula: weight 
divided by the square of height (kg/m2). BMI categories 
were based on the World Health Organization classifica-
tion. In addition, hip circumference was measured at the 
level of the widest circumference over the great trochant-
ers, and waist circumference was taken midway between 
the lower rib and the iliac crest. Both circumferences must 
be measured, using a flexible but non-stretchable tape, on 
horizontal plane at the end of a gentle expiration performed 
by the subject in orthostatic position [28]. Moreover, body 

Fig. 1   a Details of Hand-Walk board peculiar composition. b Hand-
Walk board wall placement and roll-up exercise start position. 
Orthostatic position beside the wall, feet together, perform a 90° 
lymphedema-affected upper limb abduction and place hand on Hand-
Walk board paying attention to keep wrist joint at shoulder height and 
palm fully flat on the board, with slightly flexed elbow and extended 
wrist. c Detailed roll-up gesture sequence. Starting from the previ-

ously described position, perform the rolling movement by detaching 
hand palm from the board first and subsequently by pressing it slowly, 
from palm to fingertips, thus playing a complete wrist flexion. Keep 
on pressing fingertips against the board, and then conclude the push-
ing movement by completely removing hand from it. Get back to start 
position and cyclically repeat gesture sequence for three sets of 6/8 
repetitions each
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Fig. 2   Schematic diagram 
of adapted physical activity 
(APA) protocol for upper limb 
lymphedema

Fig. 3   a Progressive abduction and adduction of both upper limbs 
matched with hand finger flexion–extension executed on frontal 
plane. Supine position, flex both legs, set feet hip-width apart and rest 
straight arms by body sides with hand palms up. Inhale through the 
nose (light blue arrows) while closing hands in a fist (yellow arrow), 
exhale through the mouth (white arrows) while opening hands and 
perform upper limbs abduction on frontal plane until reaching a 45° 
angle (yellow lines) with respect to craniocaudal body axis. During 
abduction movement, focus on keeping both arms in touch with the 
floor without lifting them up. Starting from this reached position, 
repeat gesture until reaching a 90° angle (red lines) and, subsequently, 
until reaching the maximum upper limb range of abduction on frontal 
plane (green lines). Repeat the whole exercise sequence performing 
upper limb adduction, per decremental motion angles, until getting 

back to start position. Two sets of four total movements (abduction/
adduction) each, 30-s recovery. b Progressive upper limb flexion and 
extension matched with hand finger flexion–extension executed on 
sagittal plane. Supine position, flex both legs, set feet hip-width apart 
and rest straight arms by body sides with hand palms down. Repeat 
previous exercise performing upper limb flexion on sagittal plane per 
stages, 45° (yellow lines), 90° (red lines) until reaching the maximum 
range of motion (green lines). Focus on playing inhalation (light blue 
arrows) during hand closure (yellow arrow) and exhalation (white 
arrows) during hand opening. Repeat the whole exercise sequence 
performing upper limb extension, per decremental motion angles, 
until getting back to start position. Two sets of four total movements 
(flexion/extension) each, 30-s recovery
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composition analysis (i.e., regional upper limb fat percentage 
and lean soft tissue mass, and total body intracellular and 
extracellular water) was determined by the multi-frequency 
segmental body composition analyzer Tanita MC-780 (Tan-
ita Europe, Amsterdam, Holland) according to manufacturer 
instructions [29, 30]. To evaluate lymphedema status, bilat-
eral circumferential measurements were taken using a tape 
measure at different anatomical levels. Based on these data, 
limb volumes were determined by summing each segment 
volume derived from the truncated cone formula [31, 32]. 
Circumferential measurements and ultrasonographic evalu-
ations of soft tissue area structures were performed at 4 cm 
proximal to the wrist [31, 33, 34]. Wrist active flexion and 
extension were also evaluated by miniaturized inertial sen-
sor (Moover, Sensor Medica, Montecelio, Rome, Italy) [35]. 
In addition, handgrip strength measured by dynamometry 
was considered as a further upper limb functionality param-
eter [21]. Finally, self-managed home-based specific upper 
limb exercises using the proprioceptive board were assessed 
through a self-reported diary, and a questionnaire (1–5 point 
scale) was administered to receive a feedback on the partici-
pant satisfaction about involving and performing the proto-
col [36]. A signed informed consent form was obtained from 
participants in accordance with the Declaration of Helsinki.

Structured physical activity protocol

The APA protocol, conceived, designed, and supervised by an 
adapted exercise specialist, consisted in 15 collective sessions 
which lasted 50 minutes each and were scheduled on 2 non-
consecutive days per week. To achieve the main objectives of 
the protocol, that is BCRL sequelae reduction and consequent 
QoL improvement, group sessions were implemented by other 
ones individually performed and self-managed at home by each 
subject. Home sessions were scheduled two times per week on 
different days than collective sessions, preferably in the morn-
ing, and were focused on a specific upper limb motor gesture, 
called roll-up, which particularly involved metacarpophalan-
geal joint and wrist flexion–extension to boost lymphatic return, 
as previously described in detail [21]. Of note, this specific 
adapted exercise, consisting of sequential movements, made 
use of a tailored tool, named Hand-Walk, which was conceived 
and created drawing on the APA specialist expertise in onco-
logical exercise field. It consisted in a proprioceptive board 
composed of two specific materials and purpose-designed for 
wrist, hand, and finger proprioception improvement through 
roll-up movement execution. Concerning its peculiar compo-
sition, the base layer (thin white part) was made of expanded 
polyethylene ETHAFOAM (105 kg\m3 density, − 60/ + 80 °C 

Fig. 4   Progressive circum-
duction of both upper limbs 
on transversal plane. Supine 
position, flex both legs, set 
feet hip-width apart and open 
both straight arms out at body 
sides on shoulders height with 
hand palms up. Inhale through 
the nose (light blue arrows) 
then exhale through the mouth 
(withe arrows), close hands in 
a fist and perform progressive 
upper limb circumduction on 
transversal plane (yellow lines 
and curved yellow arrows) until 
bringing arms in orthogonal 
position with respect to the 
floor. Starting from this reached 
position, inhale through the 
nose, open both hands, exhale 
through the mouth and perform 
upper limb circumduction 
reverse bound, until getting 
back to start position. Two sets 
of five repetitions, 30-s recovery
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service temperature and 110 kPa compressive strength), while 
the soft layer (thick yellow part), expressly designed to perform 
the roll-up exercise, was made of 100% polyurethane rubber 
(52 kg/m3 ± 5% density) (Fig. 1a).

To promote subject adherence and active participation to 
the protocol, the first collective session was spent to clearly 
introduce the main objectives of the project, to explain 
Hand-Walk board purpose, and to customize and record its 
positioning measurements on the wall for each participant 
(Fig. 1b). In addition, APA specialist accurately showed and 
taught roll-up gesture (Fig. 1c), supervising and encouraging 
each subject to understand, perceive, and develop techni-
cal movement in a conscious way. To obtain a gradually 
improvement of body perception, coordination, postural 
control and strength, the whole protocol was structured in 
three phases. During the first phase (from 1st to 5th ses-
sion) specific upper limb exercises, in basic supine decubitus 
position, were performed. The second phase (from 6th to 
the 11th session) comprised bodyweight exercises in seated, 
supine, and lateral decubitus position, and finally, during 
the third phase (from 12th to the 15th session) sensorimotor 
complexity and load were increased until introducing move-
ments performed in orthostatic and quadruped position and 
using small fitness tools such as sponge balls and elastic 

bands. As shown in Fig. 2, each of 15 collective sessions was 
organized in 3 stages. The first stage was mainly focused on 
conscious breathing exercises and body perception/aware-
ness, the second one on specific movements according to 
the major objectives and training progression purpose of 
the APA project, and the third one on breathing and relaxing 
exercises. Phase one of the protocol started with conscious 
breathing exercises, in supine decubitus position, initially 
focusing on global body perception and then on chest and 
abdominal areas perception and control (Fig. 2). All these 
exercises were performed applying an increasing difficulty 
level. The first aim of them was to simply perceive breath 
flow and body volumes and then, gradually, to control and 
direct it through the different respiratory body areas. Breath-
ing control plays a key role in muscle chains contraction 
and release thus affecting global and segmental coordina-
tion, postural control, and strength improvement. Hence, 
during the entire protocol, participants were educated to 
inhale through the mouth and exhale through the nose, and 
to match the proper breathing phase to each movement stage, 
paying attention to correct any eventual postural compensa-
tion. In addition to respiratory focus, this first protocol phase 
was characterized by specific upper limb and core stability 
exercises, executed in supine decubitus position (Fig. 3).

Fig. 5   a Upper limb abduction and adduction on frontal plane com-
bined with lower limb extension on sagittal plane. Lateral decubi-
tus, both legs, thighs and ankles flexed in 90° position. Place floor 
arm straight high on sagittal plane and rest head on it. Set top arm 
straight on body side with hand palm facing forward (yellow line). 
Inhale through the nose (light blue arrows), exhale through the mouth 
(white arrows) and perform upper limb abduction until reaching 
the maximum range of motion on frontal plane combined with the 
homolateral lower limb extension on sagittal one. Focus on keeping 
hip-knee-ankle alignment (light blue dots) during extension move-
ment. Inhale through the nose and slowly get back to start position. 
Two sets of eight repetitions on each body side, no recovery. b Upper 

limb abduction and adduction on transversal plane. Lateral decu-
bitus, both legs, thighs and ankles flexed in 90° position. Place floor 
arm straight high on sagittal plane and rest head on it. Set top arm 
straight in front of the body with hand palm touching the floor (yel-
low line). Inhale through the nose (light blue arrows) and push hand 
palm against the floor, then exhale through the mouth (withe arrows) 
and perform upper limb abduction on transversal plane until reaching 
the maximum range of motion. Focus on keeping shoulder-hip align-
ment (light blue dots) during movement. Inhale through the nose and 
slowly get back to start position. Two sets of eight repetitions on each 
body side, no recovery
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By applying an incremental difficulty to sensorimotor 
control and motion angles, APA specialist aimed to increase 
upper limb, scapulothoracic and cervical mobility and to 
improve spine stability. Moreover, through exercises which 
involved and activated hand, arm, chest, shoulder, and neck 
muscle contraction, played a crucial drainage action, not 
only on axillary lymph nodes, but also on clavicular and 
cervical ones (Fig. 4).

The phase two of the protocol was centered on progres-
sively increasing motor difficulty level and comprised exer-
cises performed first in lateral decubitus position (Fig. 5) 
and then in seated position (Figs. 6 and 7), characterized by 
a significant involvement of coordination skills and focused 
on core stabilization.

Furthermore, during each collective session, subjects 
were asked to provide a verbal feedback regarding upper 
limb home workout performed using the purpose-designed 
tool, thus allowing APA specialist to investigate the specific 
exercise compliance.

To improve strength, coordination, mobility, propriocep-
tion, and whole-body conditioning, the third and last phase 
of the protocol was conceived applying an incremental dif-
ficulty both on motor gesture control and workout load. To 
achieve this aim, the APA specialist integrated and adapted 
the exercises executed in the previous phases, asking partici-
pants to perform them in seated, orthostatic (Figs. 8 and 9), 
and quadruped position.

Statistical analysis

All data are expressed as mean ± standard error of the mean 
(SEM), mean ± SD or percentage. A paired Student’s t-test 
was used to compare the baseline vs. post-APA scores. Val-
ues of p < 0.05 were considered statistically significant. Sta-
tistical analyses were performed using the statistical package 
STATA 11.

Results

Sixteen BC survivors, aged 65.2 ± 8.6 years, took part in 
the structured APA protocol. Participant characteristics 
at baseline are summarized in Table 1. Of note, according 
to BMI value (BMI ≥ 25), approximately 90% of subjects 
were overweight or obese (Table 1).

Data concerning body composition of all study par-
ticipants assessed by anthropometry and bioimpedance 
analysis at baseline and after 8-week APA intervention 
are reported in Table 2.

In particular, anthropometric parameters and bioim-
pedance measurements were not significantly different 
between baseline and after APA intervention, as well as 
the ultrasound and volumetric measures remained mostly 
unchanged after APA (Tables 2 and 3).

Focusing on functional tests, a significant improve-
ment in wrist mobility was observed after the APA pro-
tocol, though hand strength was only slightly increased 
without reaching the statistical significance (Table 3). In 
addition, NRS score changes reported by the study par-
ticipants revealed a significant decrease in lymphedema-
affected upper limb and lumbar pain perception at post-
APA respect to the baseline (p = 0.0198 and p = 0.0438, 
respectively). Moreover, a trend toward an improvement 
in pain perception of dorsal spine tract was observed post-
APA (Table 4).

Fig. 6   Circumduction of both upper limbs on frontal plane combined 
with hand counterthrust. a Seated position on a chair without arm-
rests, upper body straight, 90° flexed legs and thighs and feet slightly 
apart on the floor. Lift both straight arms out at body sides, on fron-
tal plane, until reaching shoulders height, hand palms forward. Inhale 
through the nose (light blue arrows) and perform three clockwise 
upper limb circumduction. b Bring straight arms parallel in front of 
the body, join hand palms, exhale through the mouth (white arrows) 
and thrust hands one against each other (yellow arrows). Two sets 
of three repetitions clockwise and anti-clockwise, 30-s recovery. c 
Repeat previous exercise performing counterthrust with flexed upper 
limbs and joined hands in front of the chest (yellow arrows) while 
exhaling through the mouth (withe arrows). Two sets of three repeti-
tions clockwise and anti-clockwise, 30-s recovery
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Fig. 7   Scapular abduction with flexed upper limbs overhead. Seated 
position on a chair without armrests, upper body straight (straight 
yellow line), 90° flexed legs and thighs and feet slightly apart on 
the floor. Lift both arms, flex them keeping elbows opened at head 
sides and place hand palms on neck. Inhale through the nose (light 
blue arrows), exhale through the mouth (white arrows) while getting 

elbows closer to each other thus allowing a slight scapular abduc-
tion. Perform a pelvic retroversion (yellow arrow) increasing dorsal 
kyphotic curve (curved yellow line) during abduction movement. 
Inhale through the nose and slowly get back to start position. Two 
sets of eight repetitions each, 30-s recovery

Fig. 8   Upper limb thrust against the wall in frontal orthostatic posi-
tion. Stand up facing the wall, parallel feet slightly apart, spine in 
neutral position. Flex arms in front of the body and place hand palms 
on the wall at shoulders height (yellow line). Inhale through the nose 
(light blue arrows), exhale through the mouth (white arrows) and 
perform a light hand thrust against the wall. Inhale and slide both 

hands upward on the wall (yellow arrow), then exhale and perform 
hand thrust once again. Repeat the exercise until completely extend-
ing upper limbs and reaching the maximum height/range of motion. 
Starting from this reached point, repeat exercise progressively getting 
back to start position. Two sets of two repetitions, 60-s recovery
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As far as the assessment of self-reported questionnaires is 
concerned, ULL27 questionnaire results indicated a signifi-
cant improvement in the overall QoL after our APA protocol 
(Table 5).

Focusing on ULL27 three dimensions, significant posi-
tive changes were found for physical functioning and social 
components, while no difference between baseline and 
post-APA was detected for psychological component score 
(Table 5). Furthermore, a trend toward improvement in the 
anxiety component of the HADS questionnaire was observed 
post-APA, whereas depression state was significantly lower 
at the ending of the APA intervention (Table 5). Finally, a 
slightly decrease in the distress thermometer was also found 
post-APA (Table 5).

Good adherence, assessed using self-reported diary, 
was observed in self-managed home-based specific upper 
limb exercises using the proprioceptive board (68.75% of 
participants).

Concerning the assessment of participant satisfaction 
about involving and performing the protocol, post-APA data 
showed that BC survivors considered the structured APA 
protocol a positive and effective experience (4.6 points). In 
addition, women reported perceiving an improvement in 
upper limb functionality and edema reduction (4.4 and 3.8 
points, respectively).

Fig. 9   Upper limb thrust against the wall in lateral orthostatic posi-
tion. Stand up beside the wall, parallel feet slightly apart, spine 
in neutral position. Place hand palm on the wall at shoulder level 
(horizontal yellow line). Inhale through the nose (light blue arrows), 
exhale through the mouth (white arrows), and perform a light hand 
thrust against the wall. Inhale and slide hand upward on the wall (yel-

low arrow), then exhale, and perform hand thrust once again. Repeat 
exercise until completely extending upper limb (yellow line) and 
reaching the maximum height/range of motion. Starting from this 
reached point, repeat exercise progressively getting back to start posi-
tion. Two sets of two repetitions for each upper limb, 60-s recovery

Table 1   Baseline characteristics of study participants

BMI body mass index, SD standard deviation, SEM standard error of 
the mean

Variables Participants (n = 16)

Age, mean ± SD (range) 65.2 ± 8.6 (53–77)
BMI, mean kg/m2 ± SEM 32.04 ± 3.2
BMI category, %
 < 25 (normal weight) 6.2
 25–29.9 (overweight) 31.4
 ≥ 30 (obese) 62.4

Breast surgery, %
 Quadrantectomy 58.8
 Modified radical mastectomy 23.5
 Mastectomy with breast reconstruction 17.7

Operated side, %
 Right 43.8
 Left 56.2

Adjuvant treatments, %
 Chemotherapy 68.7
 Radiotherapy 25.0
 Endocrine treatment 81.0
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Discussion

BCRL is a major side effect and a complication from BC 
surgery and radiotherapy, causing chronic lymphedema in 
the upper limb [39]. The consequent malfunctioning lym-
phatic system, which delays lymphatic drainage, causes 
an abnormal tissue protein increase resulting in chronic 

inflammation, fibrosis, pain, and limited range of motion 
[37]. In addition, this unremitting and potentially disabling 
condition leads to functional disabilities and mental distur-
bances, such as anxiety, depression and emotional distress 
[37, 38]. At present, many BCRL treatment options are 
available, though none of them seems to offer a permanent 
reduction or resolution of upper limb swelling [21, 38]. In 
particular, manual lymphatic drainage, included in complex 
decongestive therapy, is designed to reduce swelling by pro-
moting lymphatic drainage [37]. Of note, nonpharmacologic 
treatments, such as acupuncture, massage, and exercise, have 
been shown to be helpful for BCRL management [9, 21, 
38–40]. Specifically, the exercise involving affected upper 
limb muscles, joints and motor skills may be beneficial in 
the control of edema [9, 10, 21, 38, 41].

In this context, our study focuses on the effectiveness 
of an innovative structured 8-week APA protocol targeted 
to BC survivors to manage chronic moderate/severe upper 
limb BCRL. In detail, our tailored intervention was based 
on supervised group sessions combined with home-based 
self-managed exercises employing a proprioceptive tool 

Table 2   Mean scores 
of anthropometric and 
bioimpedance measurements of 
breast cancer survivors (n = 16) 
at baseline and after 8-week 
adapted physical activity (APA) 
intervention

BMI body mass index, SEM standard error of the mean
*Student’s t-test for paired data

Variables Baseline
Mean (SEM)

Post-APA
Mean (SEM)

p-value*

BMI, kg/m2 32.04 (3.2) 31.50 (3.6) 0.1123
Waist circumference, cm 95.97 (10.81) 94.60 (11.78) 0.1193
Hip circumference, cm 109.25 (9.12) 109.10 (9.57) 0.1237
Bioimpedance measurements
 Upper limb fat mass, % 1.78 (0.24) 2.19 (0.45) 0.3783
 Upper limb lean mass, % 3.03 (0.12) 3.05 (0.12) 0.5655
 Total body intracellular water, % 20.46 (0.87) 20.79 (0.87) 0.2525
 Total body extracellular water, % 17.57 (0.66) 17.52 (0.68) 0.4716

Table 3   Mean scores of both 
ultrasound and volumetric 
measures and functional tests of 
affected upper limb at baseline 
and after 8-week adapted 
physical activity (APA) in all 
study participants (n = 16)

SEM standard error of the mean
*Student’s t-test for paired data

Variables Baseline
Mean (SEM)

Post-APA
Mean (SEM)

p-value*

Upper limb volume, mL 3992.20 (295.6) 3971.40 (280.7) 0.6412
Ultrasonographic evaluation, mm
 Hand 0.65 (0.11) 0.64 (0.1) 0.8137
 Mid forearm 1.11 (0.14) 1.10 (0.1) 0.8117
 Elbow 0.52 (0.08) 0.48 (0.05) 0.1634
 Half arm 0.71 (0.06) 0.71 (0.04) 0.9437
 Wrist flexion, ° 72.16 (3.8) 82.81 (1.4) 0.0108
 Wrist extension, ° 58.95 (2.9) 64.33 (1.9) 0.0097
 Hand grip test, kg 24.07 (1.9) 24.85 (1.6) 0.4354

Table 4   Perception of pain score values at baseline and post-adapted 
physical activity (APA) protocol

NRS Numerical Rating Scale, SEM standard error of the mean
*Student’s t-test for paired data

Variables Baseline
Mean (SEM)

Post-APA
Mean (SEM)

p-value*

Perception of pain (NRS)
 Upper limb pain 3.92 (0.7) 2.78 (0.7) 0.0198
 Cervical pain 4.21 (0.9) 4.01 (0.7) 0.7359
 Dorsal pain 3.85 (0.9) 2.35 (0.8) 0.1034
 Lumbar pain 6.14 (0.6) 5.00 (0.7) 0.0438
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purposely designed to promote upper limb lymphatic return, 
thus favouring lymphedema reduction and improving both 
upper limb functionality and QoL of BC survivors. Previous 
studies evidenced that, although volume alterations may not 
be noticeable, patients affected by lymphedema can have 
significant QoL impairments [42]. Additionally, there is 
no evidence of a direct correlation between volume change 
severity and subjective outcomes. Patients with relatively 
minor volume variation can face heavy and stressful psycho-
social and/or physical challenges anyway [42]. According 
to these data, albeit affected upper limb ultrasound imaging 
and volume measurements remained mostly unchanged after 
APA, our results highlight a significantly decreased pain per-
ception in the upper limb affected by lymphedema accom-
panied by a significant improvement of wrist mobility, thus 
notably contributing to QoL recovery. In particular, based 
on our findings on upper limb volumetric and functional 
parameters pre- and post-APA protocol, we can hypothesize 
that the applied exercise methodology may be effective in 
improving arm functionality even on a short term, while 
for a significant lymphedema reduction a longer interven-
tion might be needed. Concerning wrist mobility increase, 
well- known as a crucial autonomy parameter, our results 
highlight the importance of the utilization of a customized 
tool, such as Hand-Walk board, to optimize and fasten train-
ing outcomes on a specific body segment. Of note, after 
our APA protocol completion, the ULL-27 total score was 
remarkably improved. In particular, physical functioning 
and social components displayed a significant enhancement, 
though the psychological component score was unchanged. 
However, it is noteworthy that depression was significantly 
reduced post-APA intervention, as well as emotional distress 
was slightly improved. It is well known that these patients 
exhibit an excess of psychological sequelae and low levels of 

psychosocial adaptation with respect to the general popula-
tion [43]. In accordance with previously reported findings 
[10, 16, 27], it appears that practicing physical activity with 
a teamwork approach can promote social interaction skills 
among BC survivors.

Overall, our findings should be interpreted in the context 
of study limitations which are mostly represented by the 
relatively small sample size, and the lack of randomization 
and control group. In this regard, it should be considered 
that our investigation was conceived within the frame of a 
structured pathway recently proposed by Ce.Ri.On. featuring 
either acupuncture or APA support in BCRL management 
at the individual’s choice. However, despite the aforemen-
tioned limitations, this monocentric pilot study has also 
some strengths worth mentioning. Indeed, it is remarkable 
that the tailored methodology applied in our APA protocol 
encouraged subject active participation and body awareness, 
along with resulting into a functional recovery of upper limb 
affected by chronic lymphedema and overall QoL improve-
ment. In addition, since there is an evident lack of literature 
regarding specific exercise methodology for oncological 
patients, and tailored APA protocols need to be designed 
and leaded on small groups to properly respond to subjective 
needs and ensure participant safety, our study was structured 
as a small-scale preliminary trial to investigate and test train-
ing load/dosage and effectiveness of APA addressed to BC 
survivors affected by BCRL. Moreover, by accurately teach-
ing roll-up gesture, consisting in a sequential flexion–exten-
sion of wrist and metacarpophalangeal joints with a pushing 
phase recalling the muscular foot pump [16, 44, 45], and 
customizing Hand-Walk board positioning, the APA special-
ist aimed to encourage women to acquire a conscious body 
control and perception, hence providing them a concrete tool 
for autonomous motor gesture control. Our multidisciplinary 

Table 5   Mean scores of quality 
of life, anxiety/depression 
status and distress thermometer 
questionnaires of breast cancer 
survivors (n = 16) at baseline 
and post-adapted physical 
activity (APA) intervention

HADS Hospital Anxiety and Depression Scale, SEM standard error of the mean, ULL-27 Upper Limb 
Lymphedema 27
*Student’s t-test for paired data

Variables Baseline
Mean (SEM)

Post-APA
Mean (SEM)

p-value*

Quality of life (ULL-27)
 Total score 35.78 (4.76) 27.38 (3.37) 0.0104
 Physical dimension 37.14 (5.86) 27.02 (4.45) 0.0119
 Psychological dimension 39.28 (4.38) 38.52 (2.90) 0.8421
 Social dimension 26.78 (5.89) 12.85 (4.59) 0.0048

Anxiety/depression status (HADS)
 Anxiety 6.40 (1.17) 5.4 0 (1.10) 0.2170
 Depression 6.66 (0.82) 5.06 (0.65) 0.0210

Distress thermometer 3.21 (0.6) 3.01 (0.5) 0.6301



448	 Breast Cancer (2022) 29:437–449

1 3

team knowledge and expertise, both in APA and oncological 
fields, granted a global patient management that was deeply 
appreciated by the participants, as testified by the good pro-
tocol adherence and satisfaction reported in the individual 
diaries/questionnaires. Furthermore, owing to a detailed 
description of our specific protocol and Hand-Walk material 
composition and practical utilization, we are confident that 
the present study can make a concrete contribution to the 
research area of APA tailored to BC survivors, in particular 
allowing the protocol reproduction in future studies, such as 
multicentric investigations enrolling a larger sample.

Lastly, it must be mentioned that during our APA pro-
tocol practice no adverse events related to the exercise 
intervention were recorded, thus highlighting its suitability 
both in conceptualization and application.

Conclusions

Since pluridimensional needs, lack of resolutive therapies 
as well as positive effects of regular physical activity on 
psychophysical wellbeing are widely demonstrated in BC 
survivors, a tailored APA protocol may represent a suc-
cessful strategy to counteract cancer treatment-related 
sequelae with an overall improvement of QoL [16–20, 
38]. The encouraging results of our preliminary study 
strengthen the necessity of including qualified APA spe-
cialists in multidisciplinary patient care teams to guarantee 
a global and effective approach for BCRL management.
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