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Background. Postmastectomy lymphedema frequently affecting young patients constitutes a personal, family and social 
problem. For this reason, primary care physicians often consult both patients and their families.
Objectives. the aim of this study was to evaluate the effects of intermittent pneumatic compression (iPC) alone or in combina-
tion with exercises on upper limbs circumference and hand function. 
Material and methods. the study population consisted of 21 patients with breast cancer-related lymphedema. in group a, the 
treatment consisted of 20 IPc sessions (45 minutes a day at 60 mm Hg, 5 times weekly) and physical exercises (combination 
therapy). group B only received 20 iPC sessions. Prior to and after intermittent pneumatic compression, all patients had arm 
circumference measurements at 6 sites on the mastectomy side. hand function was assessed with the Carpal tunnel syndrome 
Functional status scale.
Results. Both groups exhibited a reduction in upper limb circumferences after the therapy in comparison to the initial values. 
However, a comparison of percentage circumference changes did not show any advantage of the combination therapy on the 
magnitude of the edema and hand function.
Conclusions. Pneumatic compression is an effective method of reducing upper limb edema in postmastectomy patients. the 
exercises did not have a significant effect on function of hand.
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Background

Primary care physicians are an important element in the 
healthcare system in Poland, since they take care of post-
mastectomy patients together with oncology and gynecol-
ogy specialists. Primary care physicians make sure patients 
undergo regular control, and their visits to other special-
ists are monitored. it is essential that primary care physi-
cians apply the rules of tertiary prevention in the treatment 
of postmastectomy patients, the aim of which is to prevent 
any complications of the disease, i.e. lymphedema of the up-
per limb. secondary lymphedema frequently affecting young 
postmastectomy patients constitutes a personal, family and 
social problem. For this reason, primary care physicians 
often consult both patients and their families needing sup-
port and recommendations for efficient rehabilitation. the effi-
ciency of physiotherapeutic methods in reducing secondary 
edema of the upper limb and in preventing any complications 
is a constant object of interest of many researchers. in this case, 
the International society of Lymphology (IsL) recommends 
conducting complex decongestive therapy – cdt, which in-
cludes: manual lymphatic drainage, bandage compression, 
exercises, patient education and skin protection [1]. cdt is 
a gold standard in the case of lymphedema [2], and its ef-
ficiency was confirmed by various studies [3, 4]. 

the expert opinion presented in the documents of the 
isl Consensus shows that intermittent pneumatic compres-

sion – IPc is a method of lymphedema preventive treatment 
specified under point “b”, immediately after complex decon-
gestive therapy [1]. this makes intermittent pneumatic com-
pression a supplementary method. this is valuable in the sec-
ond (the so-called maintenance) stage of edema treatment. 

complex decongestive therapy requires the means and 
work, which makes it slightly more expensive. therefore, in the 
last few years, pneumatic compression combined with CtD is 
more frequently used in the treatment of secondary lymphede-
ma [2, 5]. Pneumatic compression is used as an independent 
method, e.g. at home [6], and is addressed to a broad spectrum 
of patients as cheaper and easily accessible [7].

Objectives

the aim of this study was to evaluate the effects of inter-
mittent pneumatic compression in combination with exer-
cises (group a) on the change in upper limb circumference 
and hand function in postmastectomy patients with second-
ary edema, as compared to the results of using pneumatic 
compression without additional exercises (group B). 

Material and methods

the study was conducted in 2014 at the rehabilitation 
Laboratory in Oświęcim. the study population consisted of 
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21 patients with breast cancer-related lymphedema. Patients 
were qualified based on inclusion criteria such as: radical 
mastectomy not later than 5 years prior, edema of the upper 
limb on the operated side.

inclusion criteria included: occurrence of co-morbidities, 
such as hypertension (above stage 1 hypertension according 
to esh/esC), failure of the cardiovascular system, other types 
of edema, diabetes, rheumatoid arthritis, dermatitis, colla-
genosis, cirrhosis, kidney failure, lesions and ulcerations of 
the swollen limb. the level of lymphedema was evaluated 
by comparing two circumferences at particular levels of the 
limb on the mastectomy side and on the healthy side. 

It was established, together with the Lymphology asso-
ciation of north america, that a circumference difference 
in examined groups below or equal to 3 cm will be consid-
ered as mild edema. reversibility criteria after limb-lifting were 
applied according to the International society of Lymphology 
(IsL) [1].

Patients were randomly divided into two groups. Group 
a included 11 women with an average age of 60.45 years 
(sd 7.34, min. 51 years, max. 72 years). Edema of the up-
per limb in group a was assessed as mild, since the average 
circumference difference at almost all of the measured levels 
was smaller than 3 cm; only at the k3 level (measurement 
through lateral epicondylitis) did the difference amount to 
3.15 cm. according to IsL, edema was classified as stage II, 
as it was irreversible and unresolved after limb-lifting with 
a pit occurring under compression. In group a, the aver-
age time between the surgery and the examination was 4.09 
months (sd 1.45). Here, the average time between mastec-
tomy and the occurrence of edema was 8.91 months (sD 
2.91). In group a, treatment consisted of 20 intermittent 
pneumatic compression sessions and physical exercises (ev-
ery day, 5 times a week) for 4 weeks. cuff pressure was 60 
mm Hg and did not cause any discomfort [1].

Patients supplied with compression clothing wore it dur-
ing exercise, which lasted 40 minutes and included: exer-
cises on rehabilitation pulley systems (non-weight bearing 
and with weights), continuous training on a cycle ergometer, 
exercises with manual rotors, chest and shoulder girdle exer-
cises including stations (4 exercises, 3 sets of 10 repetitions, 
load 50% cM of maximum strength).

Group B consisted of 10 women whose average age was 
61.2 years (sd 5.22, min. 52 years, max. 70 years). Edema of 
the upper limb in group B was assessed as mild, since the av-
erage circumference difference at almost all of the measured 
levels was smaller than 3 cm; only at the k3 level (measure-
ment through lateral epicondylitis) did the difference amount 
to 3.13 cm. according to IsL, edema was classified as stage 
II, as it was irreversible and unresolved after limb-lifting with 
a pit occurring under compression. In group B, the average 
time between the surgery and the examination was 4 years 
(sd 1.63). Here, the average time between mastectomy and 
the occurrence of edema was 8.10 months (sD 2.42). group 
B received 20 intermittent pneumatic compression sessions 
for 4 weeks, with the same parameters as in group a. 

a Boa (metrum CryoFlex) device was used for intermit-
tent pneumatic compression sessions. the cuff was filled se-
quentially, starting from chambers located distally (around 
the hand and wrist) in a proximal direction, whereas cham-
bers filled earlier were not subject to deflation (maintained 
proper pressure). the session lasted 45 minutes.

hand function in the examined women was evaluated 
based on the Cts FFs (Carpal tunnel syndrome Functional 

status scale) survey, which contained questions concerning 
various difficulties during: writing, buttoning clothes, oper-
ating a telephone/computer, opening jars, household work, 
carrying grocery bags, taking a bath or dressing. the afore-
mentioned difficulties were evaluated based on the Likert 
scale from 1 to 4 (1 – no difficulties, 4 – a lot of difficulties). 
the raw data was transformed into a 0–100 scale based on 
the formula: transformed result = (obtained raw data – mini-
mal result on the scale/maximum result on the scale – mini-
mal result on the scale) x 100 [8].

For an objective evaluation of treatment results, circum-
ference measurements of the swollen limb on the mastec-
tomy side were performed. measurements were made twice: 
1) before starting treatment, 2) after finishing treatment. In 
order to evaluate the degree of limb edema on the mastec-
tomy side, the circumference of the hand and upper limb 
on the mastectomy side was compared with the other side. 
circumference was measured with a measuring tape at 6 
levels: wrist (k1) – through styloid process of the ulna and 
radial bone, next 5 cm higher (k2), and then: measurement 
through lateral epicondylitis (k3), 10 cm higher (k4) and 10 
cm below (k5), and in the axillary line (k6). hand measure-
ments applied to the circumference at the base of phalanx 
proximalis 1–5 (r-1–5) and through metatarsophalangeal ar-
ticulations (McP-6) of the hand [9, 10]. two reference points 
were used for the aforementioned measurements, i.e. tips of 
the small and index finger, so that the second measurement 
is performed in the exact same place. measurements were 
made by a single therapist.

Statistical methods

the homogeneity of traits characteristic for patients in 
groups a and B was examined with the use of a two-sided 
Fisher’s test and Mann–whitney U test (level of statistical 
significance p < 0.05). the average results of hand and up-
per limb circumference before and after treatment in groups 
a and B were compared with a non-parametric wilcoxon 
signed-rank test (p < 0.05). the distribution of examined 
traits was unimodal, and skewness and flatness were smaller 
than 2.5; therefore, an arithmetic mean and standard devia-
tion are used as measures of central tendency and as measure 
of dispersion. relative changes (percentage) in the circumfer-
ence of the arm and upper limb in both groups were com-
pared after treatment with the Mann–whitney U test. 

Results

Before treatment, both groups were homogenous (table 1), 
also in terms of initial hand and upper limb circumference, 
degree of edema and limitations in manual activities (cts 
FFs). 

there are statistically significant differences in hand and 
upper limb circumference after treatment as compared to 
its values before treatment (wilcoxon test) both in group 
a (table 2) and group B (table 3).

comparison of average percentage changes of circum-
ference after treatment did not confirm the advantage of 
treatment with pneumatic compression and physical exer-
cises in reducing upper limb edema and improving hand 
function. no negative effects of physical exercises in women 
with upper limb lymphedema were observed.
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Table 1. Examination of group homogeneity before treatment
Before treatment Group A Group B p (A, B) test

average age  
(sD)

60.45 
(7.34)

61.40  
(5.44)

p > 0.05 Mann–whitney 
U test

radiotherapy (number of women) 7 8 p > 0.05

tw
o-

si
de

d 
Fi

sh
er

’s
 te

st

Chemotherapy (number of women) 9 8 p > 0.05

hormonal therapy (number of women) 7 6 p > 0.05

history of CDt 5 6 p > 0.05

work 5 5 p > 0.05

Pension 2 3 p > 0.05

retirement 4 2 p > 0.05

Mastectomy: on the right/on the left 4/7 2/8 p > 0.05 
p > 0.05 

edema classification acc. to isl 
stage II

11 10 p > 0.05

r1* average (sd) 7.65 (0.41) 7.62 (0.24) p > 0.05

M
an

n–
w

hi
tn

ey
 U

 te
st

r2* average (sd) 7.42 (0.56) 7.48 (0.26) p > 0.05

r3* average (sd) 7.16 (0.57) 7.15 (0.34) p > 0.05

r4* average (sd) 6.85 (0.58) 6.67 (0.28) p > 0.05

r5* average (sd) 6.6 (0.51) 6.39 (0.21) p > 0.05

mCP-6• – average (sd) 20.84 (1.25) 20.13 (0.54) p > 0.05

k1** average (sd) 17.78 (1.04) 17.74 (0.94) p > 0.05

k2** average (sd) 20.38 (2.27) 18.88 (1.03) p > 0.05

k3** average (sd) 31.1 (3.32) 30.64 (2.55) p > 0.05

k4** average (sd) 27.38 (1.46) 27.09 (1.26) p > 0.05

k5** average (sd) 33.42 (2.78) 33.52 (1.8) p > 0.05

k6** average (sd) 36.42 (2.12) 37.16 (2) p > 0.05

r1–r5* – finger circumference, McP-6• – circumference through metatarsophalangeal articulations, k1–k6** – upper limb circumference.

Table 2. Comparison of average hand (R1–R5, MCP-6) and upper hand (K1–K6) circumference before and after 
treatment in group A
Group A
Circumference N Before treatment After treatment p 

Average SD Average SD
r1 11 7.65 0.41 7.55 0.39 0.0491
r2 11 7.42 0.56 7.27 0.53 0.0440
r3 11 7.16 0.57 7.11 0.55 0.3983

r4 11 6.85 0.58 6.73 0.54 0.0415
r5* 11 6.6 0.51 6.41 0.51 0.0166
mCP-6• 11 20.84 1.25 20.32 0.93 0.0044
k1 11 17.78 1.04 16.56 1 0.0418
k2 11 20.38 2.27 19.72 2.38 0.0125
k3 11 31.1 3.42 29.64 2.48 0.0033
k4 11 27.38 1.46 27.03 1.41 0.0911

k5 11 33.42 2.78 31.5 2.38 0.0500
k6** 11 36.42 2.12 34.86 1.91 0.0058

wilcoxon test. r1–r5* – finger circumference, McP-6• – circumference through metatarsophalangeal articulations, k1–k6** – upper limb 
circumference.
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Group 3. Comparison of average hand (R1–R5, MCP-6) and upper hand (K1–K6) circumference before and after  
treatment in group B

Group B

Circumference N Before treatment After treatment p 

Average SD Average SD

r1 10 7.62 0.24 7.46 0.21 0.1141

r2 10 7.48 0.26 7.28 0.27 0.0108

r3 10 7.15 0.34 7.03 0.31 0.1668

r4 10 6.67 0.28 6.58 0.19 0.1925

r5* 10 6.39 0.21 6.19 0.19 0.0125

mCP-6• 10 20.13 0.54 20.04 0.59 0.5408

k1 10 17.74 0.94 17.25 0.61 0.0284

k2 10 18.88 1.03 18.24 0.72 0.0108

k3 10 30.64 2.55 29.01 1.85 0.0051

k4 10 27.09 1.26 26.39 0.78 0.0414

k5 10 33.52 1.8 32.48 2 0.0744

k6** 10 37.16 2 35.7 1.54 0.0050

wilcoxon test. r1–r5* – finger circumference, McP-6• – circumference through metatarsophalangeal articulations, k1–k6** – upper limb 
circumference.

isl recommends that physical exercises in patients with 
lymphedema are less intense and shorter [1]. Patients are 
recommended to do the following: resistance exercises, 
weight training, endurance exercises, aerobics or yoga [15]. 
exercises may become more intense with time, provided that 
symptoms of edema are not intensified [16]. weight training 
performed in stations, consisting of 3 sets of 10 repetitions 
for the chest muscles, shoulder girdle and lower limbs, done 
under the supervision of a therapist, did not increase the risk 
of lymphedema in postmastectomy patients [17] during 12 
months of observation.

a series of studies conducted by prof. Olszewski showed 
that in order to generate an effective pressure of tissue flu-
id (pressure gauges placed subcutaneously) in the case of 
lower limb edema of the II–IV degree, we need even 50 sec-
onds and higher pressure (120 mm Hg around the ankle), 
while preserving a proximal pressure gradient of 20% [7]. 
Lymphoscintigraphy revealed that pneumatic compression 
clearly transfers a lot of fluid towards the groin, although the 
authors also indicate that methods of facilitating the flow 
of fluid towards tissues that are not swollen and increasing 
local reabsorption [18] remains unknown. In 18 patients 
with one-sided edema II–IV (without venous components), 
pneumatic compression conducted for 24–36 months (45 
minutes, pressure: 120 mm Hg, inflation time: 50 seconds 
for each chamber) influenced a gradual reduction of lower 
limb circumference and leads to an increase in the flexibility 
of tissue without any side effects [19]. 

However, it should be emphasized that the results of stud-
ies conducted under the supervision of prof. Olszewski applied 
only to the lower limbs in patients with post-traumatic or 
post-inflammatory lymphedema; therefore, the conclusions 
of such studies cannot be applied in the case of the upper 
limb. the value of pneumatic compression pressure in treat-
ment of the upper limb is: 40 mm Hg [10], 50 mm Hg [20] 
or 30 mm Hg [6], which corresponds to the values of 30–60 
mm Hg [1] recommended by IsL. In the aforementioned 
paper, a cuff pressure of 60 mm Hg was used, which sig-
nificantly influenced the changes in hand and upper limb 
circumference on the mastectomy side. Pneumatic compres-
sion procedures proved efficient in circumference reduc-
tion. However, non-weight bearing exercises of the upper 
limb did not intensify the effect of circumference reduction. 

the studies of szuba et al. confirmed the efficiency of 
combining pneumatic compression (40–50 mm Hg) with ctd 
in reducing lymphedema of the upper limb in postmastecto-

Discussion

Breast cancer is a common type of cancer among wom-
en. data from the national cancer registry shows that every 
year, the number of women with breast cancer increases [11].

mastectomy and radiotherapy frequently result in up-
per limb lymphedema on the mastectomy side. secondary 
lymphedema occurs from 2 to 92 months after the date of 
surgery. Edema influences the physical part of a patient’s 
life: limitations of joint movement or pain, as well as in the 
mental sphere, such as depression, discouragement, which 
decreases the quality of women’s life and their functioning. 

the cross-sectional study included 57 postmastectomy 
patients, which were divided into two groups according to 
the presence or lack of hand edema. Functional hand tests 
(kapandji index) and measurements of kinesthetic sense 
were performed, and a questionnaire examining hand func-
tion in everyday life was completed (hand Function sort). 
it was observed that with the increase of hand edema, the 
patient’s manual hand skills, kinesthetic sense and every-
day operation [12] decreased. the presented study focuses 
on examining hand function in patients with lymphedema 
before and after treatment. the Cts FFs (Carpal tunnel syn-
drome Functional status scale) was used to evaluate the lim-
itations in everyday activities caused by hand edema. this 
tool was selected due to a limited number of validated ques-
tionnaires in Polish. there is no significant improvement in 
hand function in both groups after treatment as compared to 
the results before treatment. the only result was an improve-
ment in group a in performing everyday activities. It seems 
that the selected tool is not sensitive enough in the case of 
patients with hand edema. 

Physical exercises are aimed at improving general effi-
ciency and decreasing body weight [13]. Exercises increase 
joint mobility and improve the functioning of the cardiovas-
cular system and muscle strength, also in the swollen upper 
limb. Exercises in water may help reduce the edema [13]. 
Comparison of the results of resistance and aerobic exercises 
in postmastectomy patients with a group of patients not par-
ticipating in physical exercise showed a significant increase 
of respiratory parameters (V·O2max) of muscle strength in up-
per and lower limbs (measured as the number of exercise 
repetitions with the set reference value) and improvement in 
the quality of life (QLQ c30) [14].
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surements of limb circumference are used by other research-
ers [5, 9, 19, 21]. In the studies of Moattari et al., volumetric 
measurements were performed together with circumference 
measurements, based on which a high correlation coeffi-
cient from 0.80 to 0.92 was obtained for measurements on 
the olecranon level, then at 10, 15 and 20 cm below and 
above the olecranon [5]. a similar satisfactory correlation 
was obtained between measurements of circumference at 4 
and 10 levels and through plethysmography. the authors of 
the aforementioned studies show that the metric method is 
simple and can be applied in evaluating the results of edema 
treatment [9]. 

Conclusions

Pneumatic compression is an effective method of reduc-
ing upper lymphoedema in postmastectomy patients. Exer-
cises did not have a significant effect on hand function.

Acknowledgements. we would like to thank mgr łukasz 
Matyjaszczyk for his help in taking the measurements. 

my patients and in increasing joint movement. the results in 
this group were significantly better than in the second group, 
where ctd [20] was used. However, other studies did not 
bring about any additional benefits of combining treatment 
with pneumatic compression for lymphedema [10] reduction. 

intermittent pneumatic compression as an independent 
method of home treatment of edema in patients with chronic 
venous insufficiency seems more effective than manual lym-
phatic drainage performed by a therapist [22].

the studies of Brayton et al., which are based on data 
from the U.s. patient registry for the years 2007–2012 on 
patients treated for cancer with complications in the form 
of lymphedema, showed that the costs of treatment for two 
12-month periods, before and after pneumatic compression, 
significantly decreased (by 18%) in the period when pneu-
matic compression was applied. such compression provides 
much more access to treatment as compared to e.g. manual 
lymphatic drainage [23]. 

Limitations

our study was limited by the small number of examined 
patients and measurements of limb circumference only. mea-

source of funding: this work was funded by the authors’ resources. 
Conflict of interest: the authors declare no conflict of interests.
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