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Abstract—Lymphedema is a debilitating complication following
mastectomy, affecting the arm functions and quality of life (QOL)
of breast cancer patients. Studies have shown the beneficial
effects of upper-limb exercises on lymphedema in clinical settings. However, there is a dearth of evidence regarding the effect
of home-based exercises on lymphedema; therefore, we examined
the effect of a home-based exercise program on lymphedema and
QOL in postmastectomy patients. Thirty-two female postmastectomy lymphedema patients participated in an individualized
home-based exercise program for 8 weeks. Arm circumference,
arm volume, and QOL (36-Item Short Form Health Survey) were
measured before and after the program. Data were analyzed with
the use of paired t-tests for circumferential and volumetric measures and Wilcoxon signed ranks tests for QOL. Significance
level was set at p < 0.01 with Bonferroni correction (alpha/n =
0.05/5 = 0.01). Analysis showed a statistically significant
improvement in the affected upper-limb circumference and volume (~122 mL reduction, p < 0.001) and in the QOL scores (p <
0.001) at the end of the home-based exercise program. The individualized home-based exercise program led to improvement in
affected upper-limb volume and circumference and QOL of postmastectomy lymphedema patients.

Key words: breast cancer, home-based exercise program, mastectomy, physiotherapy, postmastectomy lymphedema, progressive resistance exercise, quality of life, rehabilitation, upper-limb
exercise, Wilcoxon signed rank test.

INTRODUCTION
Lymphedema is a chronic, debilitating complication
that breast cancer survivors face after breast cancer treat1261

ment [1–8]. Incidence of secondary arm lymphedema
varies from 5 to 56 percent [4,7–12]. About 60 percent of
patients who undergo axillary lymph node resection and
irradiation will eventually develop lymphedema [13].
Lymphedema develops when the lymphatic flow is
impaired and excess fluid and protein accumulate in the
interstitial space. The hemodynamic factors at the site of
lymphedema may also play a role in its development [1].
Affected women can experience pain, swelling, arm tightness, heaviness of the arm, and recurrent skin infections.
If left untreated, lymphedema may predispose the affected
limb to the development of other secondary complications
like recurrent bouts of cellulitis or lymphangitis, axillary
vein thrombosis, severe functional impairment, cosmetic
embracement, and lymphangiosarcoma [9]. Breast cancer
survivors may find lymphedema more distressing than
mastectomy, because hiding the physiological manifestations and loss of function of lymphedema is harder. Overall, these factors lead to decreased quality of life (QOL)
for breast cancer survivors [14–15]. Rehabilitative interventions are considered the mainstay for the treatment of

Abbreviations: QOL = quality of life, SF-36 = 36-Item Short
Form Health Survey.
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lymphedema, and exercises form an integral component
of such rehabilitation [16].
For decades, any kind of strenuous activity has been
feared to exacerbate the lymphedema. Current clinical
guidelines indicate that women with and at risk for lymphedema should protect the affected arm from overuse [17–
18]. For this reason, patients with lymphedema avoid
using the affected limb, leading to weakness and, hence,
predisposing the limb to injury even from small household
tasks. Further, such fear poses an additional barrier to
patients staying physically active, potentially translating to
weight gain, which has been shown to be associated with a
worse clinical course for women with lymphedema [5].
However, the evidence shows no association between
lymphedema and strenuous activity; hence, upper-limb
resistance exercises can help in recovery [19–26]. Previous
studies support the view that upper-limb exercises may
decrease lymphedema risk by improving the lymphatic
return and lymphangiogenesis, i.e., regeneration of new
collaterals [27–31]. On the other hand, avoiding activity of
the affected limb may lead to poor lymphatic clearance
and, hence, stasis of the lymphatic fluid in the affected
limb [32]. During the early 6 to 12 months after mastectomy, pain and decreased shoulder movements are more
common than lymphedema [33]; these can also be prevented by upper-limb exercises [34]. Particularly, strength
training will help not only in recovering arm strength but
also in recovering bone mineral loss due to cancer treatment. Inactivity of the affected limb may lead to prolonged
arm weakness, poor scapulohumeral function, bone mineral loss and, finally, lymphedema [35–36].
Since the 1990s, efforts have been made by McKenzie and other researchers to disprove the concept that
strenuous exercise of the affected upper limb may lead to
or worsen lymphedema [19–22]. A few recent clinical trials [19–29], including a well-controlled trial by Schmitz
et al. [26], have proved that upper-limb exercises have
beneficial effects for lymphedema without exacerbating
it. Most of the exercise interventions were provided in
hospitals, clinics, or fitness centers. These interventions
may not be helpful for those patients who cannot afford
the cost of or who lack transportation to institution-based
rehabilitation. So, a need existed for the development of
an exercise program that these patients could easily follow and perform at their homes.
Evidence is lacking regarding the effect of homebased exercise programs on lymphedema and QOL of
breast cancer patients. So, this study was carried out to

evaluate the effects of a home-based exercise program on
lymphedema and QOL of breast cancer patients. We
hypothesized that a structured home-based program of
progressive resistance exercises of the upper limbs combined with deep breathing and self-care would help
relieve the symptoms of lymphedema and improve the
QOL of breast cancer patients. Hence, this study may give
valuable evidence supporting the importance of homebased exercise programs in the reduction of postmastectomy lymphedema symptoms and thereby improve the
QOL of breast cancer patients.

METHODS
This study was a pre-post intervention study in which
measurements were taken before and after the 8-week
home-based exercise program. Convenience sampling was
used to select the participants. The contralateral upper limb
was used as the control so that any physiological change
happening would happen equally on both the limbs.
Subjects
Breast cancer patients who had undergone mastectomy surgery and had completed neoadjuvant chemoand radiation therapy from March 2006 to February 2008
were referred to the study by the concerned oncologist
and oncology surgeon. We screened 137 patients for the
inclusion and exclusion criteria given subsequently; of
these, 38 met the ideal inclusion criteria. Six were lost to
follow up. Therefore, a total of 32 patients (all women)
completed the exercise program. The flow of participants
through the study is shown in the Figure.
Inclusion and Exclusion Criteria
Patients were included if they had undergone unilateral mastectomy and completed chemo- and radiation
therapy for stage I or II breast cancer 1.5 years or more
before participating in the study. Also, the patients must
have subsequently developed ipsilateral upper-limb
lymphedema with a difference of 2 cm or more at any
one measurement point or 200 mL or more compared
with the contralateral upper limb. Patients were excluded
if they had primary lymphedema, secondary lymphedema
due to other system pathology, stage III lymphedema,
bilateral disease, diagnosed cancer recurrence, and any
contraindication to the affected upper-limb exercises
(e.g., venous thrombosis).
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ciple. Two readings were taken: (1) at the ulnar styloid
process level and (2) 45 cm proximal to the ulnar styloid
process level for each upper limb. During measurement,
patients were advised to keep their upper limb straight
and immerse it slowly by sliding their fingers straight
down inside the wall of the volumeter, which was filled
with water. Water displaced was collected from the point
of immersion of upper limb until the marked level was
reached and no further dripping of water was observed.
The collected water was transferred into a graduated cylinder and the volumetric reading was taken to the nearest
5 mL level. This method of volumetric measurement has
been used previously by McKenzie and Kalda [22]. The
outcome measure was the calculated difference in volume (in milliliters) displaced between the affected and
contralateral upper limbs.

Figure.
Flow of participants through study.

Measurements
All the measurements were taken at baseline and at
the completion of 8 weeks of the home-based exercise
program.
Lymphedema Measurement
Lymphedema was measured two ways: using circumferential measurements and a volumetric method. Patients
using compression sleeves were advised to remove them
3 to 4 hours before the following measurements were
taken:
1. Upper-limb circumference was taken using cloth measuring tape on bilateral upper-limbs at four levels, i.e.,
at the metacarpophalangeal joints, wrist joint, 15 cm
distal to the lateral epicondyle, and 10 cm proximal to
the lateral epicondyle. Patients were positioned prone
with their upper limbs at their sides and their elbows
straight while the circumference measurements were
taken [20–21]. Two measurements were taken and their
mean was used. The calculated difference between
each circumference (in centimeters) at all four levels
between the affected and contralateral upper limbs was
taken as outcome.
2. Volumetric measurements were taken by the water displacement method, which is based on Archimedes’ Prin-

Quality of Life
QOL was measured by using the 36-Item Short Form
Health Survey (SF-36) QOL questionnaire. The SF-36
has been widely used as a reliable and valid tool to measure general QOL of patients with various medical conditions, including cancer. It is a 36-item scale with 8 major
components that cover physical, social, and emotional
functioning as well as vitality, bodily pain, mental health,
and general health. Completely filled questionnaires were
scored using the SF-36 Health Survey Manual and Interpretation Guide [37].
Home-Based Exercise Program
Education about postmastectomy lymphedema and the
home-based exercise program (Table 1) was given before
the initiation of the exercise program. A qualified physiotherapist gave the initial sessions of exercise prescription
and training. Patients practiced the exercise sequence three
to four times; once their performance was found satisfactory, the exercise program (handout) along with logbook
were given to the patient. Patients were advised to increase
the weight only when 2 sets of 15 repetitions became easy
to perform. Patients were monitored telephonically every
week and at a fourth-week follow up in the hospital or at
home for those patients who were not able (30%) to come
in for follow up.
Statistical Analysis
Data were analyzed using SPSS version 16 (SPSS Inc;
Chicago, Illinois) and Microsoft Excel 2007 (Microsoft
Corp.; Redmond, Washington).
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Table 1.
Progressive resistance exercise program to enhance muscle strength and endurance of upper limb and scapular muscles (modified from Franklin
et al. and Harris et al. [1–2]). Participants used household items (e.g., water bottle, salt packets).

Parameter
Warm Up

Description
Active range of motion exercises for glenohumeral joint for 5 min.

Muscle Groups

Rhomboids, middle trapezius (scapular retraction), latissimus dorsi (shoulder extension), serratus
anterior (scapular protraction), lower trapezius (scapular depression), biceps (elbow flexion), triceps (elbow extension), forearm muscles (wrist flexion, extension), hand muscles (ball squeeze).

Frequency

5 d/wk.

Intensity

Start with light resistance 50%–60% of 10 repetition maximum weight progress within tolerance.

Repetitions

1 set of 8–10, increase gradually to 10–15.

Sets

1 set, progress to 2 sets; at 2 sets of 12–15 repetitions, increase resistance weight by 5%–10%.

Stretching Exercises

Pectoralis major and minor, latissimus dorsi.

Deep Breathing Exercises

Deep breathing exercises between each set.

Indication to Reduce Workload

Excessive fatigue, postexercise muscle soreness >48 h, slight increase in arm edema lasting <1 h,
pain during or following exercise.

Indication to Terminate

Pain, discomfort, marked increase in arm edema, dizziness, general malaise.

Self-Care Advice

Daily monitoring of affected arm for any injury or redness, gentle distal to proximal self-massage,
wearing of compression garment, avoid insect bites, avoid sleeping on affected side, limb elevation, etc.

1. Franklin BA, Whaley MH, Howley ET, Balady GJ. ACSM’s guidelines for exercise testing and prescription. 6th ed. Philadelphia (PA): Lippincott Williams and
Wilkins; 2000.
2. Harris SR, Hugi MR, Olivotto IA, Levine M; Steering Committee for Clinical Practice Guidelines for the Care and Treatment of Breast Cancer. Clinical practice
guidelines for the care and treatment of breast cancer: 11. Lymphedema. CMAJ. 2001;164(2):191–99. [PMID: 11332311]

Descriptive analysis was done for patient age and
time since mastectomy. Paired t-tests were used for comparison of mean values of the pre- and postexercise circumferential and volumetric measurements and the
Wilcoxon signed ranks test was used for SF-36 QOL
scores. The significance level was set at p < 0.01 using
Bonferroni correction ( /n = 0.05/5 = 0.01).

RESULTS
The mean ± standard deviation age of the postmastectomy lymphedema patients was 46.56 ± 6.98 years
and time since mastectomy was 2.08 ± 0.65 years. A statistically significant reduction in affected upper-limb circumference was found at three levels of measurement
(p < 0.001), except at the metacarpophalangeal joint level
(p = 0.04) and in the affected upper-limb volume (p <
0.001) (Table 2) following the 8-week home-based exercise program. Also, a statistically significant difference
was found for QOL scores in all SF-36 domains postint-

ervention (Table 3). Result analysis of the data is shown
in Tables 2 and 3.

DISCUSSION
Lymphedema is a chronic, progressive, long-term
adverse effect of breast cancer treatment resulting in
affected upper-limb swelling, pain, heaviness, and discomfort. This not only affects the normal functional use
of the affected upper limb but also causes psychological
distress by altering the patient’s body image because of
visible swelling of the arm. Together, these symptoms
greatly reduce QOL [14–15]. Several therapies have been
used to treat lymphedema, but rehabilitative interventions
remain the treatment mainstay and exercises play an
important role in such rehabilitation.
Therefore, we carried out this study to evaluate the
effect of an 8-week home-based exercise program of
progressive resistance exercises, deep breathing, and
self-care on the lymphedema and QOL of postmastectomy patients. The results of our study showed that the
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Table 2.
Pre-post exercise program changes in affected upper-limb circumference
and volume. Data presented as mean ± standard deviation.

Table 3.
Pre-post exercise program changes in 36-Item Short Form Health Survey
quality of life scores.
Postexercise

Change in
Score

33.90

44.40

10.50

37.30

43.40

6.10

46.10

8.50

Measurement

Preexercise

Postexercise

Pre-Post Change

MCP Joints (cm)

19.17 ± 1.46

19.03 ± 1.37

0.14 ± 0.9

Wrist Joint (cm)

16.45 ± 2.09

16.20 ± 1.96

0.25 ± 0.13

Physical Function

0.69 ± 0.28

Role Physical
Bodily Pain

37.60

15 cm DLE (cm)
10 cm PLE (cm)
Volume (mL)

22.16 ± 3.11

21.47 ± 2.83

31.02 ± 4.38

30.06 ± 4.44

0.96 ± 0.06

2306.32 ± 627.82

2183.49 ± 597.45

122.83 ± 30.37

DLE = distal to lateral epicondyle, MCP = metacarpophalangeal, PLE = proximal to lateral epicondyle.

home-based exercise program led to statistically significant reductions in the circumference and volume (Table 2)
of the affected upper limb and improved QOL scores
(Table 3) of breast cancer patients. Providing a logbook
and continuous monitoring resulted in good adherence to
the exercise program (89% as per logbook records). Mean
change in arm volume was 122 mL. In fact, in our study,
exercise acted as a therapeutic intervention instead of
worsening the lymphedema symptoms.
Many justifications can be given regarding the use of
gradual, progressive upper-limb exercise training along
with deep breathing in the rehabilitation of lymphedema
[19]. Gradually increasing the physiological stress to the
affected upper limb through flexibility, resistance, and
aerobic exercises will be better than inactivity in postmastectomy patients. Possible mechanisms by which affected
upper-limb exercise improves or helps prevent lymphedema symptoms include that such exercise not only
enhances lymphatic flow [38–41] but also improves protein resorption [42]. Lymphatic flow increases as a result
of decreased intrathoracic pressure during inspiration
phase [43]; this leads to speculation that increased pulmonary work during exercise may help in decreasing the
lymphedema [44]. Also, affected upper-limb venous
drainage has been found to be compromised most frequently in lymphedema patients [45]. Stretching exercises
may help reduce the soft tissue contractures and, hence,
decrease the blood and lymphatic obstruction [44].
Progressive resistance exercises may also cause selfcontraction of the lymphatic vessels by regulating sympathetic nerves innervating these vessels. Hence, the
exercises enhance control over the internal contraction of
these vessels by resetting their sympathetic drive, which
in turn is important for the long-term management of
lymphedema [38–39]. Because skeletal muscle contraction is a primary force in propelling lymph fluid throughout the lymphatic system, it can enhance lymphatic

Parameter

Preexercise

General Health

42.20

44.60

2.40

Vitality

45.80

52.10

6.30

Social Function

37.75

45.90

8.15

Role Emotional

32.60

44.20

11.60

Mental Health

37.30

44.40

7.10

Physical Component Summary

41.25

46.30

5.05

Mental Component Summary

38.55

48.30

9.75

clearance. Lane et al. injected an isotope into the hands of
nondisabled women and determined that 5 minutes of
exercises using an arm ergometer enhanced lymphatic
clearance in the hand [30].
In addition, deep breathing while performing any
exercise for lymphedema is doubly important. First, deep
breathing is vital to ensure an adequate supply of oxygen
to the tissues when the body is undergoing greater than
usual exertion. Second, deep breathing creates pressure
change in the abdomen, which acts like a vacuum in the
thoracic cavity, helping to drain lymphatic vessels [44].
Moseley et al. reported that 38 women with secondary
arm lymphedema who performed 10 minutes of gentle
arm exercises combined with deep breathing everyday
for 1 month achieved a statistically significant reduction
in arm volume of 101 mL (9.0%) [31]. In our study, we
found a similar reduction in arm volume of 122 mL,
which might be due to longer duration of the exercise
program compared with Moseley et al.’s study.
The contralateral upper limb was used as the control
so that any physiological change in arm composition due
to exercise would happen equally on both limbs. This
method is similar to previous studies [20,22]. The outcome measures we used did not give accurate information regarding changes at the tissue level, but regular
exercises cause hypertrophy of muscles and adipose tissue loss. Not much change was seen in arm circumference clinically, so any effect of exercise on lymphedema
is unknown to us; other tissue changes may have
occurred that masked any positive change regarding
accumulation of lymphatic fluid.
The participants also reported improvement in their
affected upper-limb health (i.e., decreased pain, heaviness,
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and discomfort along with softening of fibrotic areas during daily household work) due to the exercise program.
Many participants continued doing the exercises even after
completion of the study period. Results showed a trend
toward improved QOL scores in all aspects, including
physical, social, and emotional well-being as well as general and mental health and vitality scores after the completion of the prescribed home-based exercise program
(Table 3). Increase in physical functioning scores proved
the fact that affected upper-limb progressive resistance
exercises had a beneficial effect on postmastectomy
lymphedema. Participants reported more confidence in
using the affected upper limb during regular household
work and were even able to lift groceries with ease. Due to
this, they were less often reminded of having lymphedema,
which may have improved vitality and general health
scores. These results are similar to the study by McKenzie
and Kalda, which was also an 8-week exercise program
[22]. Recent studies by Ahmed et al. and Schmitz et al.
reported 80 and 88 percent adherence rates to twice a week
supervised exercise programs for 6 months and 1 year,
respectively [23,25]; in our study, adherence was found to
be 89 percent. Reason for this may be that the selfdirected exercise program for a short period of 8 weeks
included many features thought to comprise effective
home training, including baseline evaluation, written
guidelines for home exercise, education about the exercise
monitoring and self-care, daily activities log, once weekly
telephonic monitoring by the therapist, and interim evaluation (fourth week). It may also be the fact that self-directed
exercises performed in the home and community facilities
are more convenient, and therefore, participants adhered
more to the prescribed exercise program. In our study,
none of the participants reported increased lymphedema
symptoms as a result of the exercise program.
The prescribed 8-week home-based exercise program
improved the affected upper-limb symptoms and also led
to improved QOL. Home-based exercise programs
should be considered for improving the symptoms of
lymphedema resulting from breast cancer treatments.
Lack of an appropriate control group and a small
sample size were two important limitations of our study.
Also, we did not follow the patients to determine the
long-term effects of the exercise program. Long-term
studies with larger sample sizes and appropriate control
groups should be undertaken. Studies should also be done
comparing effects of home-based versus institution-based
exercise programs.

CONCLUSIONS
A home-based exercise program was found to effectively improve affected upper-limb symptoms and led to
improved QOL of breast cancer patients. Hence, this homebased exercise program should be considered for improving the secondary lymphedema and associated symptoms
resulting from breast cancer treatments.
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