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REVIEW ARTICLE

Resistance exercise and breast cancer related lymphedema – a systematic
review update

Timothy Hasenoehrl , Mohammad Keilani, Stefano Palma and Richard Crevenna

Department of Physical Medicine Rehabilitation and Occupational Medicine, Medical University of Vienna, Vienna, Austria

ABSTRACT
Background: Purpose of this systematic review update was analyzing resistance exercise (RE) intervention
trials in breast cancer survivors (BCS) regarding their effect on breast cancer-related lymphedema (BCRL)
status. Articles published until 31 September 2017 were included.
Methods: A systematic literature search was conducted utilizing PubMed, MEDLINE, and EMBASE data-
bases. Included articles were analyzed regarding their level of evidence and their methodological quality
using the Cochrane risk of bias tool.
Results: Altogether, 23 articles could be included of which 16 were independent RE intervention studies
and seven additional articles. Lymphedema assessment was so heterogeneous that conduction of a thor-
ough meta-analysis regarding lymphedema status was still impossible. In all but one study, which
reported a small but methodologically weak increase in arm volume, no negative effects of RE on BCRL
was recorded.
Conclusions: RE seems to be a safe exercise intervention for BCS and not to be harmful concerning the
risk of lymphedema. Lymphedema assessment methods that allow for a qualitative analysis of arm tissue
composition should be favored.

� IMPLICATIONS FOR REHABILITATION
� Breast cancer-related lymphedema affects a considerable proportion of breast cancer patients and is

debilitating on the physical, functional, social, and psychological domain.
� At the current time breast cancer related lymphedema is incurable but well manageable by a number

of physical therapy modalities, especially complete decongestive therapy (CDT).
� One of the encouraging treatment methods is resistance exercise.
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Introduction

In the United States breast cancer (BCa) incidence rates were
stable between 2013 and 2015 at about 230,000 new cases
per year [1,2], while in Europe in 2012 an incidence rate of
464,000 new cases was registered [3], which made BCa the
most common cancer in women. Of all BCa patients, about
20% develop breast cancer-related lymphedema (BCRL) [4].
BCRL is an excess accumulation of protein rich fluid that
would otherwise drain via the lymphatic system and which
leads to regional swelling in either one or both arms after
BCa [5]. Lymphedema (LE) secondary to BCa is associated
with symptoms such as pain, heaviness, tightness, and a
decreased range of motion, which in turn leads to adversely
affected gross and fine motor skills, and impaired daily func-
tion [6]. Moreover, BCRL can negatively affect health-related
quality of life (HRQoL) via decreases in emotional, social,
functional, and physical domains [7]. The risk for developing
BCRL increases when having radiation therapy, more extensive
surgery and axillary lymph node dissection, obesity, wound
infection, and advanced tumor stage [8]. At the current time
BCRL is an incurable and chronic disease, therefore the treat-
ment aims primarily on the management of the LE-status.
The current standard of care is complete decongestive

therapy (CDT) including manual lymphatic drainage, bandag-
ing, compression, skin care, and exercise [9].

Historically, breast cancer survivors (BCS) suffering from or at
risk of developing BCRL were advised to refrain from vigorous,
repetitive, or excessive upper body exercise, as – although not
based on evidence – it was feared, that this could exacerbate
LE-status [10]. As a number of systematic reviews a few years
ago pointed out that this might most probably be not the case
[11–14], exercise as a modality for side effects management has
been getting increased attention. Therefore, the number of
exercise intervention studies has increased significantly over the
last two years. In this regard and based on the fact that our
department is an outpatient center for the diagnosis and treat-
ment of lymphedema, we decided to update the systematic
review of Keilani et al. [11] who systematically reviewed the
effect of resistance exercise (RE) on BCRL-status. RE is of
increased interest because it might be particularly beneficial for
BCS as they avoid using their affected arm which leads to
deconditioning which in turn is supposed to be counteracted
sufficiently with RE [15]. Aim of this systematic review was on
the one hand to analyze if there was already enough data
regarding the status of BCRL after RE interventions in BCS to
conduct a meta-analysis and on the other hand, to provide a
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qualitative overview about RE intervention trials in BCS pub-
lished until 31 September 2017.

Materials and methods

A systematic literature search for RE intervention studies in breast
cancer survivors (BCS) was conducted between 1966 and 31
September 2017. The scientific medical databases PubMed,
MEDLINE, and EMBASE were used to identify exercise intervention
studies that investigated the effects of RE on the development or
onset of LE in BCS with or at risk of developing BCRL. Articles
were included when there was at least one RE intervention group,
and RE was performed following or exceeding the RE intensity
recommendations of the American College of Sports Medicine
(ACSM) for BCS [16]. Only articles in English were considered. The
search strategy included the search terms “lymphedema” respect-
ively “lymphoedema”, “breast cancer”, “resistance exercise”,
“resistance training”, “strength exercise”, “weight training”, “weight
lifting”, and their possible variations. Five hundred and sixty-five
articles were found and screened for eligibility by title and
abstract. Five hundred and twenty-seven were excluded for not
meeting inclusion criteria which left 38 articles for full-text ana-
lysis. Of those, 23 articles were included [17–39]. Sixteen were
classified as independent articles, which published primary out-
comes of their respective studies for the first time [17–32]. The
seven remaining articles were classified as additional articles, as
they presented additional outcomes to previously published stud-
ies [33–39] (Figure 1). As this is an update to a previously pub-
lished systematic review [11], the main focus was on the recent
studies published since May 2015. Nevertheless, one of the newly
included independent articles was published already in 2014 [31].
This study was missed in the systematic literature search of

Keilani et al. [11] because it didn’t comprise data concerning
BCRL. The respective data regarding LE-status was published in an
additional article just in 2017 [37] and it was only through the ref-
erence list of this publication [37] that Simonavice et al. [31] was
identifiable as the corresponding original trial, which was includ-
able in this systematic review.

Risk of bias was assessed independently by two experienced
researchers utilizing the Cochrane risk of bias tool [40,41]. The
individual evaluations of those researchers were brought together
and – in case an unequal evaluation existed – discussed until a
mutual evaluation was decided upon.

This review was conducted following the PRISMA reporting
guidelines for systematic reviews.

Results

Level of evidence and risk of bias analysis

Regarding the level of evidence, six of the seven newly included
independent articles were randomized controlled trials and there-
fore evidence level 1b [26–30,32], while one was an uncontrolled
intervention trial and therefore evidence level 2b [31]. Only Bok
et al. [26] compared their RE intervention to an inactive control
group. Do et al. [30] compared RE plus complex decongestive
therapy against complex decongestive therapy only. The other
included studies either compared different RE interventions [29],
RE to aerobic exercise (AE) [27], or RE only to RE plus various add-
itional treatment modalities [28,31,32] (Table 1).

A more detailed look on the methodological quality of the
included studies published since May 2015 revealed a consider-
able number of weaknesses and overall poor quality (Table 2).
Not a single study met the “low bias” criteria in the item

Figure 1. Flowchart of the systematic literature research and the selection process.
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“allocation concealment”, although the majority of the studies just
didn’t report sufficient information to permit judgment of low or
high risk [26,28,30–32]. Moreover, four of the included studies
were at high risk of bias due to problems not covered in the
other items [26,27,29,30]. In Bok et al. [26] the mean age in the
control group at baseline was 7.9 years higher than in the RE
intervention group. Unfortunately the authors didn’t mention if
this difference was significant. Buchan et al. [27] described a pos-
sible response bias, while in Cormie et al. [29] a large number of
patients declined to participate in the study and the reasons were
not depicted. Moreover, in Do et al. [30], there were more
patients with a BMI over 25 in the control group compared to the
intervention group. All in all it has to be noted that the majority
of the detected methodological weaknesses was not primarily
based on explicitly apparent flaws but lack of information in the
article. Methodological quality assessment of the other included
articles [17–25] can be found in Keilani et al. [11].

Patient and exercise details

Of the RE intervention studies published since May 2015, six
included BCa patients with clinically diagnosed BCRL [26–30,32]
and one both with BCa patients suffering from and at risk of
developing BCRL [31,37] (Table 3).

RE intensity varied between those studies. Moderate to high
RE at about 60 to 80% of the one repetition maximum (1RM) was
implemented by four studies [27,28,31,32]. RE of lighter intensity
(at or below an estimated 60%1RM) by two [26,30], and one study
compared single RE sessions of low, moderate, and high intensity
at 55 to 65%, 65 to 75%, and 80–85%, respectively, in a cross-
over design [29] (Table 3).

A detailed description of patient and RE intervention details
published since May 2015 can be found in Table 3. Details of ear-
lier studies are presented elsewhere [11].

Lymphedema assessment

Regarding lymphedema (LE) assessment, all included studies –
not only the studies published since May 2015 – were analyzed in
detail (Table 4). Eleven of the 16 included original studies utilized
arm circumference measurements to assess development of arm
volume respectively LE [17,19,20,23,26–32,37]. Those measure-
ments vastly differed methodologically regarding measurement
position, arm position, and measurement sites (Table 4). Seven
studies utilized bioimpedance spectroscopy [19,20,22,23,27,29,32].
Unfortunately, they presented their outcomes in such a heteroge-
neous way, that no meta-analysis was possible. L-Dex scores were
presented by four studies [19,20,29,32], percentage difference
between affected and unaffected arm by two [19,32], arm volume
and arm volume difference in absolute numbers by one [20], and
three studies presented BIS-ratio data only [22,23,27]. Four studies
presented results from a dual X-ray absorptiometry (DXA) assess-
ment [19,20,24,31], although Schmitz et al. [24] didn’t present
their DXA data in the original article but in two additional articles
[34,39]. Four, tendentially older articles, utilized water displace-
ment volumetry [18,21,24,25], an assessment method that, similar
to circumference measurements, doesn’t allow for a detailed ana-
lysis of the arm tissue composition. Summarizing it can be noted
that at the current time, there are no homogeneous LE results of
at least five studies, which would be necessary for performing a
meta-analysis as the results would otherwise have to be consid-
ered unreliable when a small number of heterogeneous studies
are used [42]. Self-report of LE diagnosis or symptoms by a vali-
dated survey [43] was conducted in three studies [17,24,27].
Details regarding the LE assessment are depicted in Table 4.

Results of additional articles

Some of the included original articles had additional articles pub-
lished from the same data pool (Table 5). From Schmitz et al.
[][24] three additional articles emerged [33,34,39], from
Simonavice et al. [31] two [36,37], and from Bok et al. [26], and
Buchan et al. [27] one each [35,38]. Details regarding their expan-
sion and outcomes can be found in Table 5.

Discussion

One of the aims of this systematic review was to analyze if there
was already enough data to perform a meta-analysis about the
influence of RE on the development of LE in BCS suffering from
or at risk of BCRL. Although all of the included studies somehow
assessed LE status, both the assessment methods and the report-
ing of the results were so heterogeneous, that it has not been
possible to conduct a thorough meta-analysis yet. This might be

Table 1. Level of evidence and type of exercise of the included independ-
ent studies.

Study
Level of
evidence Type of exercise intervention

Bok et al. [26] 1b Progressive RE vs. inactive Cont
Buchan et al. [27] 1b RE vs. AE
Cho et al. [28] 1b PT (with RE) vs. PT (with RE)þMLD
Cormie et al. [29] 1b LL-RE vs. ML-RE vs. HL-RE
Do et al. [30] 1b REþ CDT vs. Cont (CDT only)
Simonavice et al. [31] 2b RE vs. REþ dietary supplement (dried plums)
Singh et al. [32] 1b REþ compression vs. REþ no compression

AE: aerobic exercise; CDT: complex decongestive therapy; Cont: control group;
HL: high load; LL: low load; ML: moderate load; MLD: manual lymphatic drain-
age; PT: physical therapy; RE: resistance exercise

Table 2. Risk of bias assessment of the included independent studies.

Random sequence
generation

(selection bias)

Allocation
concealment
(selection bias)

Blinding of
participants and

personnel
(performance bias)

Blinding of outcome
assessment

(detection bias)

Incomplete
outcome data
(attrition bias)

Selective reporting
(reporting bias) Other bias

Bok et al. [26] ? ? þ þ ? ? �
Buchan et al. [27] þ � þ þ þ ? �
Cho et al. [28] ? ? þ þ þ þ ?
Cormie et al. [29] þ � ? ? � ? �
Do et al. [30] þ ? ? ? ? ? �
Simonavice

et al. [31]
� ? þ þ � � ?

Singh et al. [32] þ ? þ þ ? ? ?

þ: low risk of bias; ?: unclear risk of bias; �: high risk of bias

RESISTANCE EXERCISE IN BREAST CANCER SURVIVORS 3



Table 3. Patient details, lymphedema status, and exercise details of the independent studies published since May 2015, details of previous studies published in
Keilani et al. [11].

Study Year Sample Patient details/LE-status
Exercise duration,
frequency, intensity Exercise details

Compression
during RE

Bok et al. [26] 2016 32
PRE: n¼ 16
Cont: n¼ 16

Patients diagnosed
with BCRL

Duration: 8 weeks
Frequency: twice/day
Intensity: 0.5 kg dumbbells

Sets: 2
Rep/set: Week 1: 5; week 2: 10; week
3: 15; week 4–8: 20
Muscle groups: Main muscle groups
for upper body
Exercises used: dumbbell fly, triceps
extension, one-arm bent-over row,
biceps curl, dumbbell side raise,
dumbbell front raises

Yes

Buchan
et al. [27]

2016 41
RE: n¼ 21
AE: n¼ 20

Women with a clinical
diagnosis of stable uni-
lateral, upper-limb lym-
phedema secondary to
breast cancer

Duration: 12 weeks
Frequency:
Weeks 1–4: 2x/week, 50min,
supervised þ50min unsuper-
vised
Weeks 5–12: 1x/week, 50min,
supervised þ100min
unsupervised
Intensity:
Weeks 1–4: RPE 11–13 / MET
3–3.5
Weeks 5–12: RPE 12–14 /
MET 5

Sets: 2
Rep/set:
Weeks 1–4: 10–12
Weeks 5–12: 8–10
Muscle groups: Main muscle groups
for upper and lower body
Exercises used:
Week 1, basic exercises: chest fly, tri-
ceps kickback, squat, curl ups, bent-
over row, bridging
Weeks 2–7, þ1 additional exercise
per week: wall pushup, biceps curls,
calf raises, shoulder press, external
rotation, forward lunge
Weeks 8–12: all exercises
Structure: 5min warm-up, full-body
strength training program, 5min
cool-down

Personal prefer-
ence, no rec-
ommendation

Cho
et al. [28]

2016 41
RE: n¼ 20
REþMLD:
n¼ 21

BCa patients with visible
and palpable cords on
the arm and axilla and
a numeric rating scale
(NRS) pain score of >3

Duration: 4 weeks
Frequency: 3x/week
Intensity: 60–80%1RM

Sets: 3
Rep/set: 10
Muscle groups: Muscle groups of the
upper body
Exercises used: 3 pulley exercises for
the upper extremitiesþ resistance-
band exercises (shoulder flexor,
shoulder abductor, elbow flexor)
Structure: 10min warm-up and cool
down, 8 stretching exercises, strength
exercises

No information

Cormie
et al. [29]

2016 21 in a cross-
over design
RE-LL: n¼ 20
RE-ML: n¼ 16
RE-HL: n¼ 21

Women with a histological
diagnosis of BCa and a
clinical diagnosis of
unilateral BCRL

Duration: 3 exercise sessions
Frequency: 1x/week
Intensity:
RE-LL: 20–15RM
(55–65%1RM)
RE-ML: 12–10RM
(65–75%1RM)
RE-HL: 8–6RM (80–85%1RM)

Sets: 3
Rep/set:
RE-LL: 15–20
RE-ML: 10–12
RE-HL: 6–8
Muscle groups: All major muscle
groups in the upper body
Exercises used: chest press, lat pull-
down, bicep curl, triceps extension,
lateral raise, and wrist curl
Structure: 4 familiarization session 2x/
week over 2 weeks, then 1 exercise
session/week with at least 1 week
washout until the next exercise ses-
sion until all 3 experimental condi-
tions were tested

No information

Do et al. [30] 2015 44
RE: n¼ 22

Cont.: n¼ 22

BCa patients diagnosed
with
secondary lymphedema

Duration: 8 weeks
Frequency: 5x/week
Intensity: 60%1RM

Sets: 3
Rep/set: 10
Muscle groups: Shoulder and arm
muscles
Exercises used: shoulder flexion,
abduction, extension, internal rotation
and external rotation, elbow flexor
and extensor, wrist flexor and exten-
sor
Structure: Warm-up (stretching exer-
cises for the shoulder), strengthening
exercises, cool-down

No information

(continued)
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due to the fact, that there has not been an LE assessment of gold
standard established yet [20,44,45]. However, if there is one thing
the qualitative analysis of the currently available literature
revealed, then that evaluating the development of BCRL by com-
paring circumference measurements between the affected and
unaffected side is not enough. This has already been hypothe-
sized by Keilani et al. [11], but proven just recently by Bok at al.
[26]. Bok et al. [26] assessed both arm composition with ultra-
sound and arm circumference after eight weeks progressive RE
intervention for the main muscle groups of the upper body.
Utilizing ultrasound measurements they found that the muscle
thickness of the affected arm had significantly increased while the
subcutaneous tissue significantly decreased. Moreover, arm cir-
cumference showed a significant decrease in the affected arm. In
the unaffected arm however, neither muscle thickness, nor sub-
cutaneous tissue, nor arm circumference changed [26].
Comparison of arm circumferences between the affected and the
unaffected side is based on the assumption that any tissue devel-
ops similarly between the arms but the LE-volume. As expected,
Bok et al. [26] showed different development of subcutaneous tis-
sue, but in contrast to the prior assumption, noticed different
muscle growth rates between the affected and unaffected arm.
Although Bok et al. [26] contains a number of methodological
weaknesses (e.g., small sample size, potential baseline difference
between RE intervention and control group) and only presents
significant within – and no significant between-group changes,
the results vividly showed that the former assumption is invalid.
This might be due to the enhanced excitability of the affected
arm to the RE stimulus as the affected side will most probably
suffer from increased levels of deconditioning compared to the
non-affected arm. Although there are also studies that presented
appendicular muscle mass as the only parameter that significantly
differed between the affected and unaffected side and therefore

circumference measurements were applicable there [39], Bok
et al. [26] showed that researchers cannot rely on this behavior
unconditionally. It is therefore strongly recommended for future
research in this field that assessment methods that allow for a
detailed analysis of the arm tissue composition should be inte-
grated in the study protocol.

Representative for the importance of this recommendation is
Cho et al. [28], which was the only one of the included
studies that showed an increase in arm volume after four
weeks of RE. However, Cho et al. [28] assessed arm volume
unfortunately only calculated from circumference measurements
and therefore could not assess arm tissue composition. This
means that the only trial that recorded a potential negative
effect of RE on BCRL, was not evaluable in this regard. On the
other hand, in the same study no change in arm volume in
the second intervention group that performed the same RE
routine combined with manual lymphatic drainage (MLD) was
found. Independent from the verdict if the increase in arm
volume in the RE only group was representative for a “real”
deterioration of the LE-status or not, the findings of Cho et al.
[28] would imply that combining RE with MLD would be
beneficial anyway.

As any article, the present suffers from some limitations too.
First and foremost, it has still not been possible to calculate a
meta-analysis regarding the LE-status following an RE stimulus
which leaves current conclusions based on a qualitative rather
than a quantitative analysis. Moreover, the included studies had
some particularly distinctive aims which led to a heterogeneous
mixture of study protocols. Five studies investigated the effect
of RE on LE-status after an intervention of six months or longer
[17,18,24,25,31], four studies investigated intervention periods
between three to six months [19,21,22,27], four studies con-
ducted RE exercise protocols of less than three months

Table 3. Continued.

Study Year Sample Patient details/LE-status
Exercise duration,
frequency, intensity Exercise details

Compression
during RE

Simonavice
et al. [31]

2014,
2015, 2017

23
RE: n¼ 12
REþDP:
n¼ 11

Postmenopausal female
BCS (stages 0–III), having
completed
treatments at least 6
months prior to beginning
the study

Duration: 26 weeks
Frequency: 2x/week
Intensity: 60–80%1RM

Sets: 2
Rep/set: 8–12
Muscle groups: Main muscle groups
for upper and lower body
Exercises used: Exercise machines:
chest press, leg press, leg extension,
biceps curl, triceps press down, over-
head press, seated row, leg curl,
abdominal crunch, and lower back
hyperextensions
Structure: Warm-up (5min walking),
resistance exercises, cool-down
(stretching of the exercised muscles)

Yes (3 Patients
with BCRL, [37])

Singh
et al. [32]

2015 25 in a cross-
over design
RE-COMP

RE-noCOMP

Women with clinically
diagnosed, stable uni-
lateral BCRL

Duration: 2 exercise sessions
Frequency: 1x/week
Intensity: 12–10RM

Sets: 3
Rep/set: 10–12
Muscle groups: Main muscle groups
for the upper body
Exercises used: chest press, bent-over
row, biceps curl, triceps extension,
lateral raise, and wrist curl
Structure: 4 familiarization session 2x/
week over 2 weeks, then 1 exercise
session/week with at least 6 days
washout until the next exercise ses-
sion until both experimental condi-
tions were tested

Effect of com-
pression on lym-
phedema status
was primary
research ques-
tion: 1 exercise
condition with
compression

sleeve, 1 without

AE: aerobic exercise group; BCa: breast cancer; BCRL: breast cancer related lymphedema; BCS: breast cancer survivor; COMP: Compression; Cont.: control group; DP:
dried plum; LE: lymphedema; min: minutes; MET: metabolic equivalent; MLD: manual lymphatic drainage; PE: physical exercise; PRE: progressive resistance exercise;
Rep/set: repetitions per set; RE: resistance exercise group; RE-LL: low load resistance exercise; RE-ML: moderate load resistance exercise; RE-HL: high load resistance
exercise; RPE: rating of perceived exertion scale; TNM: TNM (tumor/nodes/metastasis) classification of malignant tumors; RM: repetition-maximum.

RESISTANCE EXERCISE IN BREAST CANCER SURVIVORS 5



Table 4. Lymphedema assessment, measurement details, and outcomes of the 16 included original articles [17–32] and three additional articles [34, 37, 39].

Author Lymphedema assessment Measurement details Results

Ahmed et al. [17] Arm circumference Measurement sites:
� Level of the metacarpophalangeal joints
� Just distal to the ulnar styloid process
� 10 cm distal to the midpoint of the lat-

eral epicondyle
� 10 cm proximal to the midpoint of the lateral epi-

condyle
Further details:
� Compression sleeves removed 1 hour before

measurements
� Participants laid prone with their arms at their

sides and elbows straight

Comparison of affected and healthy arm:
Group mean changes for the four circumfer-

ence measurement differences were less
than 2 cm over 6 months

Self-report of LE-diagnosis Validated survey [43] No sig. different incidence rates between RE
and Cont

Self-report of
LE-symptoms

Validated survey [43] No sig. different symptom rates between RE
and Cont

Anderson
et al. [18]

Arm volume (water
displacement)

� Skin mark
� Average of two measurements

No sig. mean change in arm volume
between RE and Cont

Cormie et al. [19] BIS � Impedance of the extracellular fluid in the affected
and non-affected arms was assessed and com-
pared (L-Dex score)

No sig. group differences regarding changes
in LE status between both RE groups
(HL & LL) and Cont in any parameter.

DXA � Tissue composition of the limbs using a 3-com-
partment model sensitive to changes in
fluid retention

Arm circumference Measurement sites:
� Starting just distal to the metacarpal–phalangeal

joints at 4-cm intervals up the arm until the base
of the axilla

Further details:
� Seated with the arm positioned at 90� abduction

resting on a massage table
Cormie et al. [20] BIS � Impedance of the extracellular fluid in the affected

and non-affected arms (L-Dex score)
Affected vs. non-affected arm: no sig. differ-

ences were observed in the BIS ratio, arm
volume difference, and arm circumfer-
ence difference

DXA � Tissue composition of the limbs using a 3-com-
partment model sensitive to changes in
fluid retention

Arm circumference Measurement sites:
� Starting just distal to the metacarpal–phalangeal

joints at 4-cm intervals up the arm until the base
of the axilla

Further details:
� Seated with the arm positioned at 90� abduction

resting on a massage table

Arm circumference at 72 hours post-HL-RE
was sig. lower that pre-exercise

Courneya
et al. [21]

Arm volume (water
displacement)

No measurement details Comparison of affected and healthy arm:
The percentage of participants who
experienced a 200-mL increase in the
difference between their affected and
unaffected arm volumes did not sig. differ
between RE, AE, and Cont.

Hayes et al. [22] BIS Impedance of the extracellular fluid in the affected and
non-affected arms. LE considered present when the
impedance ratio between the untreated and the
treated sides was 3 SD or more from the norma-
tive mean.

No sig. changes in LE status between RE
and Cont

Perometry Lymphedema was considered present when the volume
of the treated side was at least 200mL more than
the untreated side

Kilbreath
et al. [23]

BIS Impedance ratio was determined by dividing the
impedance from the non-affected limb by that from
the affected limb and this ratio was compared to
previously established cutoffs.

Interlimb BIS ratio> cut-off did not sig.
differ between RE and Cont.

Arm circumference Measurement sites:
� At 10-cm intervals from the ulnar styloid to

40 cm proximally

Interlimb circumference difference of >2cm
in 2 or more measures did not sig. differ
between RE and Cont.

Further details:
� Arm volume was derived from the circumference

measurements

Arm volume increase of �10% did not sig.
differ between RE and Cont.

Schmitz et al. [24] Arm volume (water
displacement)

No measurement details. The proportion of women who had a
change in limb swelling of 5% or more
was not sig. different between RE & Cont.

Self-report of
LE-symptoms

Validated survey [43] The number and severity of symptoms
reported decreased sig. more in RE than
in Cont.

(continued)
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Table 4. Continued.

Author Lymphedema assessment Measurement details Results

Detailed analysis of arm
tissue composition
(DXA) published in
Zhang et al. [39]

� DXA was used to quantify arm tissue composition
including fat mass, lean mass (non-fat and
non-bone), BMD, and BMC

RE demonstrated improvements in arm tissue
in the affected limb composition (lean mass
& BMD sig. increased, arm fat % sig.
decreased), with no changes observed in
arm volume as assessed by water volumetry

Detailed analysis of
appendicular skeletal
muscle mass (DXA) in
Brown et al. [34]

� Muscle mass RE demonstrated sig. attenuated declines in
muscle mass compared to Cont after
12 months

Schmitz et al. [25] Arm volume (water
displacement)

� One measurement per side CID of LE (defined by �5% increase in arm
swelling) sig. lower in RE than Cont.

CIR of clinician defined LE did not differ
between RE and Cont.

Number and severity of LE symptoms did
not differ between RE and Cont.

Bok et al. [26] Subcutaneous tissue
thickness (ultrasound)
Muscle thickness (ultra-
sound)
Arm circumference

Measurement sites (for both ultrasound and
circumference):

� Proximal part: 10cm proximal to the elbow point
along the line of the humerus and the bicipital
groove between the mid-point of the medial and
lateral epicondyles

� Distal part: 10 cm distal to the elbow point along
the line of the radial and ulnar styloid processes
between the mid-point of the medial and lateral
epicondyles

In RE, muscle thickness of distal part sig.
increased at 4 and 8 weeks and of the
proximal at 8 weeks, no change in Cont.

In RE, subcutaneous tissue thickness sig.
decreased after 8 weeks, no change in
Cont.

Arm circumference showed sig. reduction in
RE after 8 weeks, no change in Cont.

Buchan et al. [27] BIS � LE diagnosed when the impedance ratio between
the untreated and the treated sides was 3 SD or
more from the normative mean

No sig. differences between RE and AE over
time in LE or LE-associated symptoms.

AE reported clinically meaningful decline in
number of LE-related symptoms.

RE and AE showed a trend for declines in
symptom severity.

Arm circumference Measurement sites:
� Mid-point of the metacarpo-phalangeal joints of

the hand
� Mid-point of the ulnar styloid process at the wrist
� At 5cm intervals to 40cm from the ulnar styloid

process
Further details:
� Seated with the arm positioned at 90� abduction

resting on a massage table
Self-report � Validated survey [43]

Cho et al. [28] Arm circumference Measurement sites:
� Measurements taken at 4-cm intervals from the

dorsum of the wrist to the axilla
Further details:
� Arm volume calculated from the circumference

measurements

Small but sig. increase of arm volume in the
PT group.

No arm volume change in the PTþMLD
group.

Sig. between group difference in arm vol-
ume between PT and PTþMLD

Incidence of LE sig. larger in PT group than
in PTþMLD group.

Cormie et al. [29] BIS � Impedance of the extracellular fluid in the affected
and non-affected arms (L-Dex score)

No sig. changes in BIS or interlimb circum-
ference difference at any time point in all
three exercise conditions (LL-, ML-, and
HL-RE)

Arm circumference Measurement sites:
� Immediately distal to the metacarpal-phalangeal

joint and at 5-cm intervals to the base of the axilla
Further details:
� Patients seated with the arm abducted at 90�

Do et al. [30] Arm circumference Measurement sites:
� Measurements taken at 4-cm intervals from the

wrist to the axilla
Further details:
� Arm volume calculated from the circumference

measurements

Sig. decrease of arm volume in both RE and
Cont (Both RE and Cont received complex
decongestive therapy: MLD, compression,
exercises to enhance lymphatic pumping,
skin care)

Simonavice
et al. [31]

DXA � Posteroanterior view of the right and left forearm
(including ulna, radius, and both ultradistal and
33% sites) with the participant lying supine

No sig. changes

Arm circumference (pub-
lished in Simonavice
et al. [37])

Measurement sites:
� At the metacarpals, midhand, and every 3 cm

beginning at the styloid process of the ulna and
continuing until the anterior axillary line.

Further details:
� Seated with arms resting on a desk in front of the

patients while maintaining a pronated hand pos-
ition on the desk.

� Sum of arm circumferences was calculated

No sig. changes in the sum of arm circum-
ferences percent differences between any
of the time points over the course of the
6-month intervention

Singh et al. [32] BIS � Impedance of the extracellular fluid in the affected
and non-affected arms (L-Dex score)

Sig. improvement (decrease in L-Dex score) in
REþ Compression group immediately post-
exercise, no differences 24 h post-exercise

Arm circumference Measurement sites: No sig. changes in arm circumference
(continued)
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[23,26,28,30], and three studies investigated acute effects of sin-
gle RE stimuli on BCRL [20,29,32]. Therefore, the inhomogeneity
of the study protocols of the included studies present a limit-
ing factor per se.

In conclusion, the number of RE intervention trials that
were published since May 2015 has increased significantly.
However, due to heterogeneous assessment techniques
and presentations of LE-status in the currently available
literature, there is still not enough data to conduct a
thorough meta-analysis about the development of BCRL. On
the other hand, the results published since then indicate
that the summarizing assumptions of earlier reviews [11,13]
– particularly that RE is not harmful for women with BCRL

– can be supported. Future research should focus on the
distinctive effects of various RE intensities and routines on
the long-term as well as on the question if use of
compression during RE has any effect on the status of
the BCRL.

Ethical statement

This review was written complying the international guidelines of
good scientific practice. As this is a review article, no primary data
is available but all background information concerning the meth-
odology of the creation of this paper is open for journal review
if requested.

Table 4. Continued.

Author Lymphedema assessment Measurement details Results

� Tip of the third finger, mid-point of the ulnar and
radial metacarpo-phalangeal joints and the ulnar
styloid process and in 5-cm increments from the
ulnar styloid mark up to the participant’s axillary
fold

Further details:
� Seated upright with the arm positioned at 90�

abduction, rested on a measuring board

AE: aerobic exercise group; BIS: bioimpedance spectroscopy; BMC: bone mineral content; BMD: bone mineral density; CID: cumulative incidence difference; CIR:
cumulative incidence ratio; Cont: control group; DXA: dual X-ray absorptiometry; HL: high load; ML: moderate load; MLD: manual lymphatic drainage; LE:
Lymphedema; LL: low load; PT: physical therapy; RE: resistance exercise group.

Table 5. Results of the additional articles published since May 2015, details of previous studies published in Keilani et al. [11].

Additional article Expansion Results

Brown et al. [33]
Additional article of Schmitz et al. [24]

Incident of physical function deterioration after
12 months

Physical function deterioration defined as a deterior-
ation of �10 points on the physical function sub-
scale of the SF-36 after 12 months

Percentage of patients who experienced incident
physical function deterioration:

Cont: 16.3% (24/147) RE: 8.1% (12/148)
The difference is significant
Relative risk in the RE compared to Cont: 0.49

Brown et al. [34]
Additional article of Schmitz et al. [24]

Analysis of the appendicular skeletal muscle
mass (DXA)

See Table 4, [24]

Jeon et al. [35]
Additional article of
Bok et al. [26]

Analysis and methodological description of the assess-
ment technique ultrasonography in BCRL

Detailed description of ultrasound assessment tech-
nique in BCRL.

Conclusion: Ultrasound is one of the best tools for
diagnosing and determining treatment efficacy on
BCRL if the techniques of ultrasonography are skill-
fully acquired.

Simonavice et al. [36]
Additional article of Simonavice et al. [31]

Physical function and QoL Significant improvements in total function and all sub-
components of the CS-PFP

No changes in subjective levels of physical or mental
QOL (SF-36 Health Survey)

Simonavice et al. [37]
Additional article of Simonavice et al. [31]

Arm circumference measurements See Table 4, [31]

Singh et al. [38]
Additional article of
Buchan et al. [27]

Association between compression use and changes
in lymphedema

No significant interaction effect between time and
compression use for LE

No difference between groups over time in the num-
ber or severity of LE symptoms

Trends for reductions in the proportion of women
reporting severe symptoms (irrespective of compres-
sion use)

Zhang et al. [39]
Additional article of
Schmitz et al. [24]

Detailed analysis of arm tissue composition See Table 4, [24]

CRL: breast cancer-related lymphedema; Cont: control group; CS-PFP: Continuous Scale-Physical Functional Performance; LE: lymphedema; QoL: quality of life; RE:
resistance exercise group; SF-36: Medical Outcomes Short-Form 36- item questionnaire.
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