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ORIGINAL ARTICLE

Physical activity for the affected limb and arm lymphedema after
breast cancer surgery. A prospective, randomized controlled trial
with two years follow-up

ÅSE SAGEN1, ROLF KÅRESEN1 & MAY ARNA RISBERG2

1Department of Breast and Endocrine Surgery, Oslo University Hospital, Ullevaal, Norway and 2NAR, Orthopedic Center,

Oslo University Hospital, Ullevaal, Norway

Abstract
Background. The influence of physical activity on the development of arm lymphedema (ALE) after breast cancer surgery
with axillary node dissection has been debated. We evaluated the development of ALE in two different rehabilitation
programs: a no activity restrictions (NAR) in daily living combined with a moderate resistance exercise program and an
activity restrictions (AR) program combined with a usual care program. The risk factors associated with the development of
ALE 2 years after surgery were also evaluated. Material and methods. Women (n�204) with a mean age of 55910 years
who had axillary node dissection were randomized into two different rehabilitation programs that lasted for 6 months: NAR
(n�104) or AR (n�100). The primary outcomes were the difference in arm volume between the affected and control
arms (Voldiff, in ml) and the development of ALE. Baseline (before surgery) and follow-up tests were performed 3 months,
6 months, and 2 years after surgery. Data were analyzed using ANCOVA and regression analysis. Results. Voldiff did not
differ significantly between the two treatment groups. Arm volume increased significantly over time in both the affected and
the control arms. The development of ALE from baseline to 2 years increased significantly in both groups (pB0.001). The
only risk factor for ALE was BMI�25 kg/m2. Conclusion. Patients that undergo breast cancer surgery with axillary lymph
node dissection should be encouraged to maintain physical activity in their daily lives without restrictions and without fear
of developing ALE.

The development of arm lymphedema (ALE) after

breast cancer surgery with axillary node dissection

occurs in 6�49% of patients and its prevalence is

reported to increase in the years after surgery [1].

ALE can become a chronic and lifelong condition

characterized by swelling and recurring skin infec-

tions [2]. The characteristic swelling of tissues arises

as a consequence of insufficient lymph transport

caused by the surgery [2]. The reported prevalence

of ALE after axillary node dissection differs acco-

rding to the measurement techniques used, the

definition of ALE, and the follow-up time after

surgery. Preoperative and valid measurements are

essential to determine precisely the changes in arm

volume caused by the development of lymphedema.

Furthermore, the preoperative asymmetry between

dominant and non-dominant limbs and the calcu-

lated percentage of increase in volume of the

affected limb compared with the control limb are

also essential for the determination of the exact

prevalence of ALE [3�5].

The reported identified risk factors for the devel-

opment of ALE are radiotherapy, the number of

lymph nodes removed, mastectomy, surgery on the

dominant or non-dominant side, elevated body mass

index (BMI), injuries, and infections [1,4,6�8]. No

study has examined pain and a sensation of heavi-

ness during physical activity of the affected limb as a

risk factor for the development of ALE.

Breast cancer treatment may lead to chronic pain,

weight gain, and a decrease in muscle strength,

cardiorespiratory fitness, shoulder function, and

health-related quality of life [9]. A sedentary lifestyle

is a risk factor for both primary and recurrent breast

cancer; however, women who undergo breast cancer

surgery tend to decrease their physical activity level

[9,10]. The influence of postoperative exercise and

the restriction of activity of the affected limb on the
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development of ALE after breast cancer surgery

have been debated for years [9,11]. Despite the

evidence of positive health effects of physical acti-

vity and the positive results from studies addres-

sing aerobic and resistance exercise training for this

patient group [9,12�18], physical therapists, on-

cologists, and nurses who participate in the rehabi-

litation of these patients continue to advocate

restrictions in physical activity involving the affected

limb as a precaution against the development of

ALE. However, no increased risk of lymphedema

has been found in three randomized controlled

studies that assessed the effect of exercise including

the upper limbs after early-stage breast cancer

surgery [13,14,19]. These studies included axillary

node dissection and had lymphedema development

(arm volume increase in ml or cm) as main out-

comes [13,14,19]. Thus, there is an inconsistency in

the information given to patients after surgery; they

are encouraged to be physically active, but, at the

same time, they are cautioned to avoid several

physical activities (in their daily lives and in leisure

time) that would involve the upper limbs. Pain and a

sensation of heaviness in the affected limb during

activity have been related to the development of

ALE and have been used among clinicians as an

argument in support of the restriction of physical

activity in these patients. Pain is a common morbid-

ity after breast cancer treatment [20�22]. A pre-

valence of pain up to 52% has been reported in

breast cancer survivors 9 years after surgery [20].

However, pain during physical activity involving the

affected limb and its correlation with the possible

development of ALE has not been well documented

and warrants further investigation.

To our knowledge, no randomized controlled trial

has studied the development of ALE, pain, and a

sensation of heaviness in the affected limb after two

different postoperative rehabilitation programs that

involve different physical activity levels of the upper

limbs. This was the main purpose of this study.

Additional aims included the identification of risk

factors for the development of ALE 2 years after

surgery. We hypothesized that there would be no

differences in arm volume or ALE between 1)

patients who participated in a physical activity

program with no activity restrictions (NAR), which

included moderate resistance exercise training, and

2) patients who participated in a program involving

physical activity restrictions (AR) of the affected

limb and usual physical therapy treatment. We also

hypothesized that there would be no differences in

pain, or a sensation of heaviness in the affected limb

between the two groups.

Material and methods

Participants

Two hundred and four women aged 32�75 (mean

55910) years who had early-stage breast cancer and

underwent mastectomy or breast-conserving surgery

with axillary node dissection (levels I and II), with or

without radiotherapy, chemotherapy, or hormone

treatment (Table I, Figure 1), at the Ullevaal and

Akershus University Hospitals, Norway, between

1999 and 2003, were included in this study. The

exclusion criteria were age�75 years (i.e., the

patients were too frail to participate in the rehabilita-

tion programs), difficulty understanding Norwegian,

and the presence of metastasized breast cancer,

other types of cancer, injury, or poor functioning

of the upper limb, which prevented the patients from

participating in the rehabilitation programs at the

outpatient clinics.

Protocol, assignment, and masking

This study was a randomized controlled trial with

two different physical therapy interventions that

lasted for 6 months. The trial had four time test

points (baseline, 3 months, 6 months, and 2 years

after surgery) (Figure 1). Baseline measures were

performed and written consent forms were obtained

Table I. Baseline values in the no activity restrictions (NAR) and

activity restrictions (AR) groups.

NAR

n�104 (%)

AR

n�100 (%) P*

Characteristics

Age, years 54990.6 55990.5 0.27$
Body mass index 24930.3 25940.0 0.19$
Affected arm volume, ml 23489365 24249407 0.16$
Control arm volume, ml 23639383 24049423 0.47$
Voldiff, ml �129121 209132 0.065$

Surgery

Nodes removed 13940.0 13940.1 0.79$
Metastasized nodes 10.97930.6 10.84930.0 0.78$
Breast ablation 46 (44) 51 (51) 0.37

Breast conserving 57 (55) 49 (49) 0.37

Surgery, dominant side 51 (48) 58 (58) 0.20

Cancer treatment

Radiotherapy,

supraclavicular nodes

47 (45) 40 (40) 0.48

Radiotherapy, breast 78 (75) 73 (73) 0.78

Chemotherapy 42 (40) 38 (38) 0.73

Antihormone treatment 48 (46) 50 (50) 0.58

Histology grade 1 25 (24) 19 (19) 0.40

Histology grade 2 54 (52) 56 (56) 0.58

Histology grade 3 24 (23) 24 (24) 10.00

*x2 test, $t test and Mann-Whitney test. Data are expressed as

number of patients or mean, standard deviations, and percen-

tages (%).
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before surgery. Simple randomization in blocks of

10 was performed using a computer-generated

program. Allocated women were randomized into

one of the two intervention groups 2 days after

surgery. The assignment scheme was given to the

patients in sealed envelopes in a series of consecu-

tive numbers. The allocation was masked to the

outcome assessor (ÅS). It is difficult to blind the

participants to allocation in physical activity studies.

We took steps to blinding as we entered and

managed all the data in an anonymized format.

The administrative and patient contact data were

held in a separate database. Information and

discussions regarding the program were carried

out at the outpatient clinic in collaboration with

the physical therapists who supervised the rehabili-

tation programs. The blinded outcome assessor was

not involved in the interventions performed at the

outpatient clinics. Participants were instructed not

to reveal information about their rehabilitation

program to the outcome assessor. The regional

Committee for Medical Research Ethics approved

this study.

Intervention groups

After entering the trial, each patient in the NAR

group was given standard detailed information on

the unrestricted program in a sealed envelope. The

NAR group had no restrictions on the physical

activities that used the affected limb for 6 months.

The NAR patients followed a supervised physical

therapy program at an outpatient clinic, which

emphasized moderate progressive resistance exercise

training [23] 2�3 times a week. The resistance

exercises (total exercise time of 45 min) included a

minimum of 15 repetitions for each exercise using

low resistance (0.5 kg) during the first 2 weeks. The

resistance was increased individually for each patient

(no upper limit) with the aim of enhancing muscular

strength and endurance, but always using 15 repeti-

tions per set for each exercise.

After entering the trial, each patient in the AR

group was given standard detailed information on the

restricted activities in a sealed envelope. The AR

group was told to restrict the activity of the affected

limb for 6 months. The patients were told to avoid

heavy or strenuous physical activities, which included

Breast cancer patients with complete axillary node 
dissection 

Eligible patients (n = 238)

Excluded: 
Not meeting inclusion criteria (n = 2) 
Other reasons (n = 1) 

3 months 
 (n = 91) 

No activity restrictions (NAR)
6 months intervention

(n = 104) 

3 months 
(n = 90) 

Activity restrictions (AR)
6 months intervention

(n = 100) 

F
ollow

-ups 

Preoperative tests 
Randomization

(n = 207) 

Lost to follow-up (n = 10) 
ITT (n = 100) 

Lost to follow-up (n = 13) 
ITT (n = 104) 

6 months 
(n = 97) 

6 months 
(n = 90) 

Lost to follow-up (n = 3) 
Compliers (n = 85) 
Noncompliers (n = 15) 
ITT (n = 100) 

Lost to follow-up (n = 
14) 
Compliers (n = 85)
Noncompliers (n = 19) 
ITT (n = 104) 

2 years 
(n = 84) 

2 years 
(n = 68) 

Lost to follow-up (n = 36) 
ITT (n = 104) 

Lost to follow-up (n = 16) 
ITT (n = 100) 

Refused to 
participate (n = 31) 

Figure 1. Patient flow chart.
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aerobic or other types of exercise classes that include

heavy upper-limb physical activity or work, and to

avoid carrying or lifting groceries or other items

weighing more than 3 kg. The patients also partici-

pated in the usual care physical therapy program

carried out weekly at an outpatient clinic, which

comprised six different standardized passive manual

techniques emphasizing flexibility and light massage

of the affected shoulder, arm, and scar (total inter-

vention time of 45 min). This usual care program was

performed once a week for 6 months.

Patients who developed ALE were given standard

care treatment by a physical therapist specialized in

lymphedema. The participants were encouraged to

contact the primary investigator for evaluation and

treatment of possible ALE between the follow-up

sessions.

Outcome measurements

The main outcome measurement was Voldiff (in

ml), which was based on the difference between the

volume of the affected arm and the volume of the

control arm using the Simplified Water Displace-

ment Instrument (SWDI) [3]. Two different defini-

tions of ALE were used in this study. For the

identification of risk factors for the development of

ALE, a cut-off was set at Voldiff�200 ml [13]. For

the determination of the incidence of ALE, a 10%

increase in Voldiff between the affected arm and the

control arm was used and was calculated as follows:

(affected arm volume-control arm volume)/(control

arm volume) 100 [24].

Visual analogue scales (VAS) were used to record

pain and the sensation of heaviness in the affected

limb during physical activity [25]. The VAS score for

pain was divided into three groups: no pain (0), pain

between 1�20 mm, and pain above 21 mm.

The height and weight of patients were recorded

and their BMI was calculated as kg/m2.

Adherence to the intervention programs

A questionnaire was developed to record upper-limb

physical activity, which included the intensity, dura-

tion, and frequency of activities [23]. Physical activity

was categorized into three types (Figure 2a,b,c):

physical activity at work, at home (housework), or

during leisure time. Physical activity was scored from

0 (never) to 5 (daily), with a maximum score of 50 for

work activity, 30 for home physical activity, and 45 for

leisure-time physical activities. The leisure-time

activities were analyzed using a cut-off score level of

]1 point (Figure 2c). Because of the heavy post-

surgical burden of radiation and chemotherapy,

adherence to the rehabilitation programs was set at

70% and was defined as the number of visits to the

outpatient clinics and the number of patients who

completed the 2-week physical activity question-

naires (Figure 2).

Statistical power and analyses

Power analysis was based on the mean Voldiff of 79 ml

(standard deviation (SD)�124), which was defined

in a previous study of arm volume in the general

female population using the SWDI instrument [3].

We determined that 65 patients were required in each

group in order to detect a minimal clinically relevant

Voldiff of 50 ml between the rehabilitation groups at a

two-tailed significance levelB0.05 and at 0.90

power. Two hundred and seven patients were

included to account for possible missing individuals

(lost to follow-up) and possible non-compliers during

the intervention period (Figure 1).

Outcome data were analyzed on an intention to

treat (ITT) basis using the last observation carry-

forward method and including all randomized

patients, non-compliers, and participants lost to

follow-up. Analysis of variance with baseline

measurement as a covariate (ANCOVA) was used

to compare differences between groups at the

3-month, 6-month, and 2-year follow-up. Bonfer-

roni adjustments were made to allow paired com-

parisons for multiple testing. The Tukey’s post hoc

test was used to identify differences if significant

main effects were found. The outcomes were

expressed as means and SD, p-values (significance

level of 0.05), and 95% confidence intervals (CI)

were reported. The possible impact of missing

values on the ITT analysis at the 2-year follow-up

was tested as follows: the differences in character-

istics between the study population and drop outs at

2 years were analyzed using the Student’s t-test, the

Mann-Whitney test, and the x2 test. Risk factors for

the development of ALE at 2 years were analyzed

using multivariate logistic regression. Thirty-five

participants had a Voldiff�200 ml, which allowed

the inclusion of four independent factors (10%) in

the analysis. The factors chosen were BMI�25 at

baseline (before surgery), Voldiff�0 ml at baseline,

pain�0 mm at 3 months, and a sensation of

heaviness�0 mm at 3 months. The factors were

chosen based on previously reported possible risk

factors for the development of ALE.

Data were analyzed using the SPSS 11.0 software

(SPSS Inc, Chicago, IL).

Results

Thirty-one of the 238 eligible participants who met

the inclusion criteria refused to participate. The

Physical activity and lymphedema, RCT and two years follow-up 1105



reasons for refusal were not obtained. Two hundred

and seven patients were randomized into the study.

Two patients were excluded because they did not have

axillary node dissection and one patient was excluded

because her baseline measurements accidentally dis-

appeared from the data collection. Finally, 204

patients were included in the statistical analyses

(Figure 1). The groups were balanced at baseline

(Table I) and had not changed at the 2-year follow-up.

Working status (e.g. whether the individual was

retired, a housewife, or working at a job involving

heavy lifting, which included nursing or caring for

children or the elderly) did not differ significantly

between the groups. The reasons for the 52 missing

individuals at the 2-year follow-up examination were:

14 had died, three had moved elsewhere, 13 were not

available at the given address or telephone number,

seven refused to participate, four were too frail or ill,

two had gone through axillary node dissection on the

control side, and nine were lost during follow-up for

other reasons.

Arm volume and ALE

The arm volume of the affected or control arms,

Voldiff, and ALE did not differ significantly between

the two groups at 3 months, 6 months, or 2 years after

surgery (Table II, Figure 3). Within each group, arm

Figure 2. Questionnaire for the recording of physical activity involving the affected upper limb.
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volume and ALE increased significantly with time

from 3 months to 6 months and to 2 years after

surgery (pB0.001) (Table II, Figure 3). The propor-

tion of patients with ALE increased from 5% in the

NAR group and 7% in the AR group at 3 months to

13% at 2 years for both groups.

Pain and sensation of heaviness

The VAS ratings of pain and sensation of heaviness

for the affected limb during physical activity were

significantly higher in the NAR group than in the

AR group, both at 3 and 6 months after surgery

(Tables II and III). Pain and the sensation of

heaviness did not differ significantly between the

two groups at the 2-year follow-up (Tables II and

III). The percentages of subjects with no pain, pain

between 1 and 20 mm, and pain above 21 mm on

the VAS are listed in Table III.

Risk factors for the development of ALE

Individuals with a baseline BMI�25 kg/m2 had a

significantly increased risk of development of ALE at

2 years, with an Odds Ratio (OR) of 3.42 (pB0.005)

(Table IV).

Adherence to the intervention programs

The analysis of the physical activity of the upper limbs

was based on home activity (housework) and leisure-

time activity. Because nearly 80% of the women were

not working at the 6-month follow-up, activities at

work were not included (Figure 2b,c). The home

physical activity score was significantly higher during

the time of intervention (3 and 6 months) in the NAR

group than in the AR group (pB0.001), as the NAR

group had been told to not limit their level of physical

activity. The physical activity scores did not differ

between the groups preoperatively or at 2 years.

Adherence to the allocated rehabilitation programs

was 83% in the NAR group and 89% in the AR group.

The mean duration of the rehabilitation programs was

2194.8 weeks for the NAR group and 2295.2 weeks

for the AR group.

Table II. Intention to treat analysis between the (NAR) no activity

restrictions (n�104) and the (AR) activity restrictions (n�100)

groups.

Voldiff in ml, mean (SD)

NAR

3 months 20 (120)

6 months 32 (129)

2 years 52 (153)

AR

3 months 49 (125)

6 months 64 (158)

2 years 82 (165)

NAR-AR, mean difference in ml

3 months �8

6 months �15

2 years �16

Voldiff, difference between affected and control arm volume; SD,

standard deviation; VAS, visual analogue scale; CI, confidence

interval.

ANCOVA *PB0.05.

Figure 3. Affected arm volume in ml from baseline to 2 years for

the no activity restrictions (NAR) and activity restrictions (AR)

groups.

Table III. Pain in the affected arm during physical activity for the

no activity restrictions (NAR) and activity restrictions (AR)

groups.

VAS

No pain

0 mm (%)

Pain

1-20 mm (%)

Pain

�21 mm (%)

3 months

NAR 19 (22) 35 (40) 33 (38)

AR 47 (55) 16 (19) 22 (26)

6 months

NAR 41 (40) 36 (35) 27 (25)

AR 64 (64) 23 (23) 13 (13)

2 years

NAR 62 (61) 26 (24) 16 (15)

AR 64 (64) 20 (17) 16 (17)

*PB0.05; numbers, percentages, and degrees of pain in mm; VAS

(visual analogue scale)�0�100 mm.

Table IV. Risk factors for the development of arm lymphedema

(ALE) 2 years after surgery.

OR 95% CI P

BMI at baseline (�25 kg/m2) 3.42 1.45�8.06 0.005

Voldiff preoperatively (�0 ml) 1.43 0.589�3.49 0.427

Sensation of heaviness at 3 months

(VAS�0 mm)

1.54 0.455�5.24 0.486

Pain at 3 months (VAS�0 mm) 0.78 0.227�2.69 0.781

Visual Analogue Scale (VAS), Body Mass Index (BMI) Odds

Ratio (OR), confidence interval (CI). Dependent variable:

Voldiff�200 ml increase at 2 years.

Physical activity and lymphedema, RCT and two years follow-up 1107



Adverse events

During the intervention programs, two participants

developed adhesive capsulitis (frozen shoulder) with

progressive immobilization and one patient devel-

oped supraspinatus tendinopathy. One of these

women probably had a latent frozen shoulder before

entering the study.

Discussion

Principal findings

This is the first randomized study to examine

changes in arm volume and the development of

ALE in 1) a program with unrestricted physical

activity of the affected limb, which included moder-

ate resistance exercise training, compared with 2) a

restricted program for the affected limb combined

with usual care. Unrestricted physical activity and

moderate resistance exercises did not seem to alter

the risk of developing ALE, which suggests that

patients who have undergone breast cancer surgery

with axillary node dissection do not need to limit the

activity of the affected limb in fear of developing

ALE.

Physical activity (i.e., aerobic and resistance

exercise training) reduces the complications and

side effects of surgical and adjuvant therapies in

breast cancer survivors, which include functional

limitation and upper-limb disability [13,16�18]. In

accordance with our results, Round et al. [26] found

that individuals with the best outcome were those

who followed minimal activity restrictions for the

affected limb and used their affected limb as much as

the contralateral limb. A study of the effect of

physical activity on lymphatic transport showed

that higher exercise intensity involving the upper

limb is more effective than low exercise intensity in

promoting lymphatic clearance in healthy women. In

our study, the resistance training was based on low

weights and many repetitions (minimum of 15

repetitions). However, similar results were found in

the study by Courneya et al., in which heavier

weights and fewer repetitions were used [13]. These

authors also used a cut-off for ALE of�200 ml

increase in affected arm volume. Furthermore, two

other randomized controlled trials (using arm cir-

cumference measurements (in cm) for the determi-

nation of ALE) found no significant differences in

the incidence of ALE between the exercise and

control groups [14,19].

The incidence of ALE in our study increased over

time in both groups, from 4% in the NAR group and

7% in the AR group at 3 months to 13% for both

groups at 2 years. Similarly, Johansson et al. [6]

reported that the incidence of ALE increased over

time in a 2-year follow-up study. At a median of 5

years of follow-up, Mclaughlin et al. [4] found a

16% incidence of ALE (n�336). However, this

study used arm circumference in cm as a measure of

ALE [4]. The low ALE incidence detected in our

study (13%) for both groups at the 2-year follow-up,

when compared with other studies, may reflect the

fact that (1) ALE treatment was given whenever

necessary during the 6-month intervention, or when

requested between the 6-month and 2-year follow-

up sessions, (2) we used a more valid outcome

measurement for ALE, which also included pre-

operative measurements [5], (3) other prospective

studies did not include preoperative measurements

[14,19], or (4) other studies has a retrospective

design [1,4]. The use of the 2 cm increase as a cut-

off for ALE [4] is inaccurate, for two reasons: first, it

is not valid when compared to the gold standard

water displacement technique [3]; second, it does

not provide a calculation of the percentage of volume

increase, as a 2 cm variation in large limbs is a very

small difference and, conversely, it is a very big

difference in small limbs [3,27].

The VAS pain ratings and the sensation of

heaviness in the affected limb during physical

activity were significantly higher in the NAR group

than in the AR group (pB0.001) (Tables II and III),

which had a significantly lower physical activity level

(pB0.001). However, the higher ratings of pain and

the sensation of heaviness during physical activity

were not correlated with Voldiff or ALE (Table II).

These results are consistent with the findings of

other studies, which reported increased sensations,

sensory abnormalities, and pain for this patient

group [20�22,25]. The intensity of arm pain during

physical activity decreased over time (Table III).

More than 60% had no pain 2 years after surgery

and only 16% had VAS pain scores of more than 21

mm (Table III). The previously reported high

prevalence of pain in breast cancer survivors could

be one of the factors responsible for the reported

decline in physical activity level after breast cancer

surgery [9,10]. The fact that pain and the sensation

of heaviness did not seem to be risk factors for the

development of ALE (Table IV) is an important

clinical observation. Furthermore, the higher level of

pain and sensation of heaviness in the NAR group

when compared to the AR group was temporary, as

the groups showed identical results for these para-

meters 2 years after surgery (Tables II and III).

The score of physical activity at home during the

rehabilitation period, which was assessed every two-

weeks, was significantly higher in the NAR group

than in the AR group. These results showed that the

NAR group followed the allocated intervention

program and used their affected limb significantly

1108 Å . Sagen et al.



more than the AR group. The leisure-time activity

scores were low for both groups and did not differ

between the groups. Previous studies also reported

low physical activity levels for breast cancer patients

[9], although this level increases when household

and gardening activities are included [10].

As previously reported by others [1,4,6,7], we

found that a BMI�25 kg/m2 was a significant risk

factor for the development of ALE. A preoperative

BMI�25 kg/m2 represented a more than three times

greater risk of developing ALE at 2 years (Table IV).

The implications of these results for clinical practice

should be to implement patient education programs

that include evidence-based recommendations for

physical activity for patients who have undergone

breast cancer surgery.

The basic mechanisms underlying the develop-

ment of lymphedema as a result of breast cancer

surgical interventions are probably multifactorial

[2]. There are genetic features that predispose to

vascular malfunction or insufficient repair after

trauma, which includes surgery [2,28]. Improved

knowledge on this inherited predisposition is prob-

ably the key that will allow the prediction of the

development of ALE after breast cancer surgery.

However, increased BMI was a significant, modifi-

able, and clinically important risk factor for the

development of ALE.

Strengths and weaknesses of the study

The main limitation of this study was the number of

patients lost at the 2-year follow-up (36 in the NAR

group and 16 in the AR group). However, the

baseline characteristics did not differ significantly

between patients who completed the study and those

missing at follow-up and per protocol analysis

showed the same results as the ITT analysis.

Furthermore, our a priori statistical power analysis

showed that, at 2 years, there was still enough

statistical power to detect potential differences (if

present). Other limitations included the physical

activity questionnaire for the upper limbs, which

has not been validated (Figure 2). Our study

population had the advantage of being representative

of the breast cancer community, as 32% of our

patients were in the age group older than 60 years,

i.e., close to the reported percentage of breast cancer

in that group [29]. Previous studies on physical

activity and the development of lymphedema in

breast cancer patients included younger participants

[13,14,19]. Additional strengths of the current study

were the reliable and valid measurement of ALE, the

long follow-up period of 2 years, the detailed

description of the interventions, the high adherence

to the intervention programs (83% in the NAR

group and 89% in the AR group), the activity

recordings during the entire 6-month period, and

the loss of few participants during the intervention

period (14 in the NAR group and three in the AR

group) (Figure 1).

Conclusions and implications for clinical

practice

No differences in arm volume, Voldiff, or ALE were

found between the groups. Increased physical activ-

ity was temporarily painful for the first 6 months

after surgery, but pain scores were equal between the

two groups after 2 years. In contrast, we found no

adverse effects of unrestricted upper-limb activity on

arm volume, Voldiff, or the development of ALE. A

BMI�25 was a risk factor for the development of

ALE.

Our study suggests that patients that undergo

breast cancer surgery with axillary node dissection

should be encouraged to maintain their daily living

activities, with no restrictions to the physical activity

level of the affected limb and without fear of

developing ALE.
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