
experimental and therapeutic medicine  1:  147-152,  2010 147

Abstract. The aim of this study was to confirm the effective-
ness of early physiotherapeutic stimulation for lymphatic 
flow progression in patients with breast cancer undergoing 
axillary dissection. This was a randomized experimental study 
on 22  patients who underwent lymphoscintigraphy in their 
arms on two different occasions, firstly without stimulation 
and secondly after randomization into two groups: without 
physiotherapeutic stimulation (WOPS; n=10) and with 
physiotherapeutic stimulation (WPS; n=12). The lymphoscin-
tigraphy scan was performed with 99mTc-phytate administered 
into the second interdigital space of the hand, ipsilaterally 
to the dissected axilla, in three phases: dynamic, static, and 
delayed whole body imaging. Physiotherapeutic stimulation 
was carried out using Földi's technique. In both groups, images 
from the two examinations of each patient were compared. 
Flow progression was considered positive when, on the second 
examination, the radiopharmaceutical reached areas more 
distant from the injection site. Statistical analysis was used to 
evaluate frequencies, percentages and central trend measure-
ments, and non-parametric tests were conducted. Descriptive 
analysis showed that the WPS and WOPS groups were similar 
in terms of mean age, weight, height, body mass index and 
number of lymph nodes removed. There were statistically 
significant associations between physiotherapeutic stimulation 
and radiopharmaceutical progression at all three phases of 
the study (p<0.0001). Early physiotherapeutic stimulation in 
breast cancer patients undergoing radical axillary dissection 
is effective, and can therefore be indicated as a preventive 
measure against lymphedema.

Introduction

Breast cancer is one of the most frequent causes of mortality 
among women, with a high incidence in both developed and 
developing countries (1,2). Fifty percent of breast cancer cases 
are diagnosed at an advanced stage and include lymph node 
metastatic infiltration, necessitating more aggressive and 
costly treatment (3) and increasing the risk of post-treatment 
complications (4-8). 

Aggressive surgery in advanced stage breast cancer cases 
interrupts the main lymphatic drainage route in the upper 
limbs and is the most important factor in the formation 
of lymphedema (5). The pathogenesis of post-mastectomy 
lymphedema associated with axillary dissection is in 
particular attributed to the small number of lymphatic vessels 
in the dissected area (9,10). According to Glass et al, the 
more extensive the axillary dissection, the greater the risk of 
complications (11). 

Once lymphedema has become established, it is incurable. 
Neither surgical nor drug treatments for lymphedema have 
shown success (12,13). However, lymphedema can be avoided, 
treated and controlled with daily preventive measures (14). The 
prevention of lymphedema has been attempted using intra-
operative techniques that take a more conservative approach 
towards the axillary chain, such as the investigation of the 
sentinel lymph nodes. Through this, selective resection that 
is safe and less mutilating becomes possible, with satisfactory 
results, although it is limited to patients without evidence of 
lymph node macrometastasis (5,7,15-17).

Preventive measures, such as lymphatic self-massage, 
hydration, kinesiotherapy, manual lymphatic drainage and 
the use of elastic compression armbands, have been gaining 
increasing attention (12,18). None is more important than the 
others, but used together they may be effective in controlling 
and preventing lymphedema. The only requirement is that 
the patient must be taught how to carry out the procedures 
on a daily basis (18-21). Self-massage, also known as simple 
manual lymphatic drainage, is a version of manual lymphatic 
drainage in which the patient learns the procedure and is able 
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to perform it alone, at home. It involves a series of gentle 
circular movements, starting with stimulation of the axillary 
lymph node chain contralateral to the surgical manipulation 
and of the inguinal chain homolateral to the surgical manipu-
lation. This is followed by gentle movements at a site distant 
from the area of congestion, moving gradually towards the 
swollen limb (12,18,22,23). 

Lymphoscintigraphy is an effective technique for evalu-
ating the lymphatic systems of the upper and lower limbs 
(5,24,25). It provides functional information regarding 
drainage and obstruction in this system, with details on the 
morphology of the lymph vessels and lymph nodes (26). 
In relation to lymphedema following radical mastectomy, 
lymphoscintigraphy has only been used to assess lymphedema 
that has already become established. In such cases, it is 
performed before and after physiotherapy (26-29) in order to 
investigate the effectiveness of the therapy.

This study was inspired by the notion that the preven-
tion of lymphedema is the most effective way to diminish 
morbidity, and that physiotherapeutic measures should begin 
as early as possible for breast cancer patients undergoing axil-
lary dissection. It was in particular motivated by the scarcity 
of the literature on the subject, and aimed to evaluate the 
effectiveness of early physiotherapeutic stimulation on lymph 
flow progression in these breast cancer patients.

Materials and methods

This randomized experimental study included 22 women who 
underwent radical mastectomy or quadrantectomy associated 
with ipsilateral axillary lymph node dissection between 2005 
and 2008. Patients were over 18 years of age and had unilateral 
breast cancer. They were seen between 15 and 60 days after 
surgery, and presented arm range of motion corresponding to 
more than 120˚ of shoulder flexion. Patients were excluded if 
they had undergone previous chemotherapy or radiotherapy, 
if they were known to have had lymphatic disease prior to 
the axillary dissection, if they presented inflammatory or 
infectious processes associated with the upper limb, or if the 
lymphoscintigraphy results could not be analyzed.

Patients gave their free and informed consent for partici-
pation in the study. The study was approved by the Research 
Ethics Committee of Barretos Cancer Hospital.

The 22 patients underwent two lymphoscintigraphy exam-
inations, for a total of 44 procedures. The first examination 
on each patient was performed between 15 and 60 days after 
surgery. This was considered to be a control examination, and 
was performed without physiotherapeutic stimulation. The 
second examination was performed 7±3 days after the first. For 
this second examination, the patients were randomized into 
two groups: the ‘with physiotherapeutic stimulation’ (WPS) 
group, in which patients received physiotherapeutic stimula-
tion while the lymphoscintigraphy examination was being 
conducted, and the ‘without physiotherapeutic stimulation’ 
(WOPS) group, in which patients received an examination 
under conditions similar to the first.

Physiotherapeutic stimulation. Physiotherapeutic stimula-
tion lasted for 5 min, from the 5th to the 10th min of the 
dynamic phase of the second examination in the randomized 

WPS group. It was performed by a single physiotherapist in 
accordance with the technique proposed by Földi (23), with 
stimulation of the contralateral axillary lymph node chain and 
homolateral inguinal chain relative to the manipulated breast 
and axilla using circular movements with the palms of the 
hand to lightly and gently move the skin.

Lymphoscintigraphy. Lymphoscintigraphy was performed 
using a two-head gamma camera (GE Millennium VG 
Hawkeye) with a low-energy high-resolution collimator, photo-
peak centered on 140 KeV, windows of 20% and matrices of 
128x128 for dynamic images, 256x256 for static images and 
256x1024 for the whole body scan, without magnification. 
Patients were positioned in dorsal decubitus with their arms 
raised above their head, then 37 MBq of 99mTc-phytate in a 
volume of 0.5 ml was administered subcutaneously using an 
insulin needle and syringe in a fan-shaped injection into the 
second interdigital space (25-27) of the manipulated limb. 
Capture of dynamic images with a 1 min exposure was initi-
ated immediately after the injection and continued for 20 min. 
Two static images with a 500 sec exposure were acquired 
immediately after the end of the dynamic examination, one in 
the same field of view as the dynamic examination, including 
the area from the hands to the axillae, and the other including 
the anterior thoracic region and axillae. A whole body scan at 
a velocity of 7 cm/sec over the bed was initiated 90 min after 
the injection of radioactive fluid and included anterior and 
posterior projections, with the patient in the same position. 

Figure 1. Qualitative analysis: sequential ordinal classification of upper 
limb. 0, injection site; 1, distal third of forearm; 2, middle third of forearm; 
3, proximal third of forearm; 4, distal third of upper arm; 5, middle third of 
upper arm; 6, proximal third of upper arm; 7, axilla without lymph nodes; 
8,  axillary lymph nodes; 9, lymph nodes in dorsolateral part of upper arm; 
10, apical lymph nodes; 11, central lymph nodes; 12, internal thoracic lymph 
nodes; 13, lymph nodes in contralateral axilla; 14, spleen.
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Patients attended the lymphoscintigraphy procedure 
wearing clothes that would not restrict the superficial 
lymphatic circulation, and were instructed not to perform any 
activity with the limb until the end of the examination.

Qualitative analysis. Images from the dynamic, static, and 
whole body scan phases of the first and second examinations 

performed on each patient were paired. The area reached by the 
radioactive fluid in the lymphatic vessels of the upper limb, and 
the sites and numbers of lymph nodes viewed in the three phases 
of lymphoscintigraphy acquisition, were respectively compared. 
A sequential ordinal classification for the area reached by the 
radiopharmaceutical was applied from the injection point to the 
most distant point reached using a scale of 0-14 (Fig. 1) (30).

Figure 2. Lymphoscintigraphy of the WOPS group (left) and WPS group (right) showing the three phases of examination. (A and B) Dynamic images of the 
first (a) and second (b) examination with linear derivation graph (c). (C and D) Static images of the arms (a) and thoracic region (b) from the first examination, 
and of the arms (c) and thoracic region (d) from the second examination. (E and F) Whole body scan, anterior (a) and posterior (b) from the first examination, 
and anterior (c) and posterior (d) from the second examination. In the WOPS group, no progression between the two examinations was observed. The arrival of 
the radiopharmaceutical in the axillary region was only apparent in the whole body scan (E) (arrow). There was no evidence of velocity variation in lymphatic 
flow (Ac). In the WPS group, lymphatic progression was observed in the three phases of the examination, with arrival of radiopharmaceutical in the axilla in 
the dynamic (Bb) and the static (Dc and d) phase. More lymph nodes were identified in the whole body scan from the second examination (Fc and d) (arrow-
head), with linear derivation showing increased lymphatic flow velocity after physiotherapeutic stimulation (Bc).
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Patients were considered to present positive progression of 
lymphatic flow if the area reached by the radioactive fluid in 
the second examination was further from the injection point 
than that reached in the first examination, or when the number 
of lymph nodes apparent in the second examination was 
greater than in the first examination.

Quantitative analysis in the dynamic phase. Identical rect-
angular areas of interest were created and laid out in the 
proximal region of the arm that received the injection and 
the contralateral arm of each patient in both examinations. 
Activity veresus time curves were generated for these areas. 
The contralateral arm was taken to be the background. 

Angular coefficients were obtained directly from processing 
performed by the equipment. A value of 0.00005 was taken 
for every angular coefficient calculated to have a value of 
0.0000 by the equipment. To determine the net coefficient for 
physiotherapeutic stimulation, the background coefficient was 
subtracted from the coefficient of the arm that received the 
injection. The velocity of the progression of lymphatic fluid 
was represented by the net angular coefficient. Analysis of the 
velocity of the progression of lymphatic flow was performed 
by comparing the net angular coefficients of the straight lines 
from both examinations on the same patient. Positive progres-
sion was determined when there was a higher velocity in the 
second examination than in the first (Fig. 2).

Statistical analysis. Frequencies, percentages, central trend 
measurements and dispersion measurements were used to 
characterize the sample. The Kolmogorov-Smirnov test 
was used to investigate whether the sample had normal 
distribution. Since it was found that it did not, non-parametric 
tests were applied. The Mann-Whitney test was used to 
evaluate differences between the means of the quantitative 
variables of the WPS and WOPS groups. Fisher's exact test 
was used to evaluate the association between the progression 
of lymphatic drainage and the presence of physiotherapeutic 
stimulation. Wilcoxon's non-parametric test was used to 
investigate the number of lymph nodes observed before and 
after physiotherapeutic stimulation in each group. For all the 
analyses, the level of significance was set at 5%.

Results

Among the 22 patients studied, 12 were in the group which 
received physiotherapeutic stimulation (WPS) and 10 were 
in the group which did not (WOPS). The two groups were 
homogenous in terms of the medians of the variables: age in 
years (47.5 vs. 52.0; p=0.198), weight in kilograms (65.6 vs. 

Table I. Lymphatic flow progression in the WPS and WOPS 
groups categorized according to phase.

	 WPS	 WOPS
	 -----------------	 ----------------
Progression	 No. (%)	 No. (%)	 P-valueb

Dynamic imagesa		  	 <0.001
  Yes	  10  (100)	   0 (0.00)
  No	    0 (0.00)	   9  (100)
Static imagesa 		  	 <0.001
  Yes	  11  (100)	   0 (0.00)
  No	    0 (0.00)	   8  (100)
Whole body scana		  	 <0.001
  Yes	  11 (91.7)	    0 (0.00)
  No	    1 (8.30)	   7  (100)	
Total	  12  (100)	  10 (100)

aSome values were not determined. bFisher's exact test.

Table II. Number of lymph nodes apparent in the first and second examination in the WPS and WOPS groups.a

Variable	 First examination	 Second examination	 P-valueb

	 -----------------------------------------------------------------------------------------	 -------------------------------------------------------------------------------------------
	 No.	M ean (SD)	M edian	M in-Max	 No.	M ean (SD)	M edian	M in-Max

WPS	 11	 2.1 (1.7)	 2.0	 0-6	 11	 3.7 (2.1)	 4.0	 0-7	 0.007
WOPS	  7	 2.6 (2.0)	 3.0	 0-5	  7	 1.9 (1.6)	 2.0	 0-4	 0.102

aSome values were not determined. bMann-Whitney test.

Table III. Descriptive statistics on the variable of the ratio between the angular coefficients after/before stimulation for the WOPS 
and WPS groups.a

Group	 No.	M ean	M edian	 Variance	 Standard deviation	M in-Max

WPS	 10	 44.0	 2.75	 6232.3	 78.9	     0.17-240
WOPS	   8	   0.8	 0.75	       0.5	   0.7	 0.08-2

aSome values were not determined.
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64.2; p=0.373), height in meters (1.60 vs. 1.52; p=0.080), body 
mass index in kg/m2 (26.7 vs. 26.3; p=0.843) and number of 
lymph nodes dissected (17.5 vs. 18.0; p=0.691).

An association between physiotherapeutic stimulation and 
the positive progression of lymphatic flow was present in all 
three phases of the lymphoscintigraphic examinations. The 
images of the dynamic and static phases were more represen-
tative of the stimulation than the later whole body scan phase 
(Table I).

In the WPS group, a significant increase in the number of 
lymph nodes between the first and second whole body scan 
examination was observed (p=0.007). In the WOPS group, 
there was no significant difference between the medians 
(p=0.102) (Table II).

A significant increase in the velocity of the lymphatic flow 
between the first and second examination was observed in 
the WPS group compared to the WOPS group, as represented 
by the difference in the median angular coefficient ratio of 
the second examination compared to the first examination 
(p=0.014) (Table III). 

Additional analysis of the drainage bundles in the upper limb 
showed a predominance of lymphatic flow progression through 
the cephalic bundle in both groups, which was intensified after 
physiotherapeutic stimulation. Progression through the basilic 
bundle as the only route was less frequent than progression 
through both bundles simultaneously (Table IV).

Discussion

With advances in breast cancer treatment and consequent 
increases in survival rates, quality of life has become a major 
concern for breast cancer patients (31). The occurrence of 
post-mastectomy lymphedema predisposes individuals to inca-
pacitating diseases, with great socioeconomic impact (10,16). 
Early diagnosis and intervention, such as skin care (19,32), 
kinesiotherapy and self-massage (12,18,19), may significantly 
reduce the incidence of complications (32). Research on 
improving quality of life has indicated that the prevention of 
lymphedema is the best strategy for breast cancer patients. Prior 
knowledge of normal lymphatic circulation and its changes in 
the presence of obstruction has directed techniques of physio-
therapeutic stimulation. Various lymphatic drainage techniques 
have been used for stimulating lymphatic flow and treating 

lymphedema, such as those proposed by Vodder, Leduc and 
Földi. The technique proposed by Földi (23) was chosen for the 
present study, since it is routinely used at our institution. 

Although several studies have used lymphoscintigraphy 
to document the behavior of lymphedema and to make before 
and after treatment comparisons (26-29), there is a lack of 
documentation regarding the immediate postoperative period. 
The effects of physiotherapeutic stimulation during this period 
motivated the present investigation. The aim of the study was 
to evaluate whether manual physiotherapeutic stimulation, 
which can easily be performed by patients themselves, might 
improve the progression of lymphatic flow.

We observed that the technique of early physiotherapeutic 
stimulation was effective regarding lymphatic flow progres-
sion in the WPS group compared with the WOPS group. In 
this respect, several authors have reported increased lymphatic 
transportation using the same procedure (33-36) among 
patients with established lymphedema.

As shown in Table I, all patients except one showed the 
progression of lymphatic flow to the lymph node chain, 
even if this occurred at a later stage. The one exception did 
not present progression even with stimulation; however, this 
patient had the greatest number of lymph nodes dissected 
(n=34). This finding is concordant with Clodius et al (9), who 
reported that the pathogenesis of the lymphedema is attributed 
to the presence of fewer lymphatics in the dissected area.

There are two common drainage routes in the upper limbs: 
the basilic route, which feeds into the axillary lymph nodes, 
and the cephalic route, in the apical lymph nodes. There are 
also two infrequent routes, the cervical and internal mammary 
routes (30,37,38). The lymphatic vessels of the upper limbs 
flow out into the lymph nodes of the axillary region (37,38), 
and therefore the basilic route is the principal drainage route. 
In the event of obstruction in the axillary region, the drainage 
route along the cephalic vein becomes important. This was 
observed in our study: patients in the WPS group showed this 
collateral route, while patients in the WOPS group did not. 

As a strategy for stimulating lymphatic circulation in 
cases of the obstruction of normal lymphatic flow, alternative 
routes need to be considered, such as the cephalic route. 
Furthermore, anastomoses of the lymphatic capillaries need 
to be considered. These deviate lymphatic flow in a direction 
opposite to the normal course (38), thereby stimulating an 

Table IV. Descriptive statistics on the drainage bundles of the upper limbs.a

	 WPS	 WOPS
	 ------------------------------------------------------------------------------------	 -----------------------------------------------------------------------------------
	 First examination	 Second examination	 First examination	 Second examination
	 no. (%)	 no. (%)	 no. (%)	 no. (%)

Bundles not shown	 6	 (50.0)	 0		   4	 (50.0)	  6	(75.0)
Basilic lymphatic bundle	 0		  0		   1	 (12.5)	 0
Cephalic lymphatic bundle	 4	 (33.3)	   9	 (75.0)	  3	 (37.5)	  1	(12.5)
Both bundles shown	 2	 (16.7)	   3	 (25.0)	 0 	  	 1	(12.5)
Total	 12	 (100)	 12	 (100)	 8	 (100)	 8	 (100)

aSome values were not determined.
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alternative drainage route. In a systematic review, Moseley 
et  al concluded that, although self-massage only promoted 
a small reduction in the volume of the limb, this was more 
beneficial than doing nothing for the swollen limb (35). 
Williams et al also reported that the technique was important 
when no treatment for lymphedema was available (18).

Considering that inflammation due to surgical aggression 
hinders the passage of lymphatic drainage (39) and causes 
increased limb volume, protein stagnation and the risk of 
complications, the findings from our study reinforce the 
need to stimulate early lymphatic drainage. Self-massage is a 
technique that is easy for patients to perform, and they should 
be given guidance in this respect by the professionals involved 
in rehabilitation.
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